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NOW APPROVED

ADJUVANT TAGRISSO: DELIVERING  
OVERWHELMING EFFICACY 

ADAURA study design: Phase III, double-blind, randomized, placebo-controlled trial in 682 patients with completely resected stage IB, II, and IIIA 
NSCLC with or without adjuvant chemotherapy. NSCLC patients had centrally confi rmed EGFR mutations (exon 19 deletion or L858R mutation). 
Patients were stratifi ed by stage (IB vs II vs IIIA), EGFR mutation (exon 19 deletion or L858R), and race (Asian vs non-Asian). Patients were 
randomized to either TAGRISSO (n=339; 80 mg orally, once daily) or placebo (n=343). The maximum interval between surgery and randomization 
was 26 weeks with adjuvant chemotherapy and 10 weeks without adjuvant chemotherapy. The primary endpoint of the study was DFS by 
investigator assessment in stage II/IIIA patients. The secondary endpoints were DFS in the overall population (stage IB/II/IIIA); DFS rate at 2, 3, 4, and 
5 years; overall survival (stage II/IIIA and overall population); safety; and health-related QoL. The planned treatment duration was 3 years or until disease 
recurrence/unacceptable toxicity.1,2,4

Your decision 
today impacts 

many tomorrows

REFER every resected NSCLC patient to a medical oncologist

TEST every surgical specimen for EGFR mutations

CHOOSE adjuvant TAGRISSO for every eligible patientTAGRISSO demonstrated extraordinary disease-free survival
in resected EGFRm NSCLC patients1-3

Find out more at TagrissoResults.com

Please see Brief Summary of Prescribing Information 
on adjacent pages.

INDICATION
•  TAGRISSO is indicated as adjuvant therapy after tumor resection in adult patients with non-small cell lung cancer 
(NSCLC) whose tumors have epidermal growth factor receptor (EGFR) exon 19 deletions or exon 21 L858R 
mutations, as detected by an FDA-approved test

SELECT SAFETY INFORMATION
• There are no contraindications for TAGRISSO
•  Interstitial lung disease (ILD)/pneumonitis occurred in 3.7% of the 1479 TAGRISSO-treated patients; 0.3% of cases 
were fatal. Withhold TAGRISSO and promptly investigate for ILD in patients who present with worsening of 
respiratory symptoms which may be indicative of ILD (eg, dyspnea, cough and fever). Permanently discontinue 
TAGRISSO if ILD is confi rmed

TAGRISSO is a registered trademark of the AstraZeneca group of companies.
©2021 AstraZeneca. All rights reserved. US-49302 1/21

SELECT SAFETY INFORMATION
•  Heart rate-corrected QT (QTc) interval prolongation occurred in TAGRISSO-treated patients. Of the 1479 TAGRISSO-
treated patients in clinical trials, 0.8% were found to have a QTc >500 msec, and 3.1% of patients had an increase 
from baseline QTc >60 msec. No QTc-related arrhythmias were reported. Conduct periodic monitoring with ECGs 
and electrolytes in patients with congenital long QTc syndrome, congestive heart failure, electrolyte abnormalities, 
or those who are taking medications known to prolong the QTc interval. Permanently discontinue TAGRISSO in 
patients who develop QTc interval prolongation with signs/symptoms of life-threatening arrhythmia

•  Cardiomyopathy occurred in 3% of the 1479 TAGRISSO-treated patients; 0.1% of cardiomyopathy cases were 
fatal. A decline in left ventricular ejection fraction (LVEF) ≥10% from baseline and to <50% LVEF occurred in 3.2% 
of 1233 patients who had baseline and at least one follow-up LVEF assessment. In the ADAURA study, 1.5% (5/325) 
of TAGRISSO-treated patients experienced LVEF decreases ≥10% from baseline and a drop to <50%. Conduct 
cardiac monitoring, including assessment of LVEF at baseline and during treatment, in patients with cardiac risk 
factors. Assess LVEF in patients who develop relevant cardiac signs or symptoms during treatment. For 
symptomatic congestive heart failure, permanently discontinue TAGRISSO

•  Keratitis was reported in 0.7% of 1479 patients treated with TAGRISSO in clinical trials. Promptly refer patients with 
signs and symptoms suggestive of keratitis (such as eye infl ammation, lacrimation, light sensitivity, blurred vision, 
eye pain and/or red eye) to an ophthalmologist

•  Postmarketing cases consistent with Stevens-Johnson syndrome (SJS) and erythema multiforme major (EMM) 
have been reported in patients receiving TAGRISSO. Withhold TAGRISSO if SJS or EMM is suspected and 
permanently discontinue if confi rmed

•  Postmarketing cases of cutaneous vasculitis including leukocytoclastic vasculitis, urticarial vasculitis, and IgA 
vasculitis have been reported in patients receiving TAGRISSO. Withhold TAGRISSO if cutaneous vasculitis is 
suspected, evaluate for systemic involvement, and consider dermatology consultation. If no other etiology can be 
identifi ed, consider permanent discontinuation of TAGRISSO based on severity

•  Verify pregnancy status of females of reproductive potential prior to initiating TAGRISSO. Advise pregnant women 
of the potential risk to a fetus. Advise females of reproductive potential to use effective contraception during 
treatment with TAGRISSO and for 6 weeks after the fi nal dose. Advise males with female partners of reproductive 
potential to use effective contraception for 4 months after the fi nal dose

•  Most common (≥20%) adverse reactions, including laboratory abnormalities, were leukopenia, lymphopenia,
thrombocytopenia, diarrhea, anemia, rash, musculoskeletal pain, nail toxicity, neutropenia, dry skin, stomatitis, fatigue, 
and cough

References: 1. TAGRISSO [package insert]. Wilmington, DE: AstraZeneca Pharmaceuticals LP; 2020. 2. Wu Y, Tsuboi M, He J, et al; ADAURA 
Investigators. Osimertinib in resected EGFR-mutated non–small-cell lung cancer. N Engl J Med. 2020;383(18):1711-1723. 3. DoFP. REF-98491. 
AstraZeneca Pharmaceuticals LP. 4. DoFP. REF-98825. AstraZeneca Pharmaceuticals LP.

PRIMARY ENDPOINT: DISEASE-FREE SURVIVAL IN PATIENTS WITH STAGE II/IIIA DISEASE (N=470)*

NEW INDICATION: THE FIRST EVER TARGETED 
THERAPY FOR RESECTABLE EGFRm NSCLC

•  Patients in the ADAURA trial are treated with ORAL TAGRISSO FOR 3 YEARS or until disease recurrence 
or unacceptable toxicity1

*Median DFS was not reached for TAGRISSO (95% CI: 38.8, NE) and was 19.6 months (95% CI: 16.6, 24.5) for control arm.1
†Control arm=placebo.
‡ Exploratory subgroup results for patients with adjuvant chemotherapy was HR=0.16 (95% CI: 0.10, 0.26) and for patients without adjuvant 
chemotherapy was HR=0.23 (95% CI: 0.13, 0.40).2

   CI, confi dence interval; DFS, disease-free survival; EGFR, epidermal growth factor receptor; EGFRm, epidermal growth factor receptor mutation 
positive; HR, hazard ratio; L858R, exon 21 leucine 858 arginine substitution; NE, not estimable; NSCLC, non-small cell lung cancer; QoL, quality of life; 
TKI, tyrosine kinase inhibitor.

The fi rst and only EGFR TKI to prevent disease recurrence or death

BRIGHTER DAYS AHEAD FOR MORE EGFRm NSCLC PATIENTS

Consistent results with or without prior adjuvant chemotherapy2‡

Months
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TAGRISSO® (osimertinib) tablets, for oral use
Brief Summary of Prescribing Information.
For complete prescribing information consult official package insert.

INDICATIONS AND USAGE
Adjuvant Treatment of EGFR Mutation-Positive Non-Small Cell 
Lung Cancer (NSCLC)
TAGRISSO is indicated as adjuvant therapy after tumor resection 
in adult patients with non-small cell lung cancer (NSCLC) whose 
tumors have epidermal growth factor receptor (EGFR) exon 
19 deletions or exon 21 L858R mutations, as detected by an  
FDA-approved test [see Dosage and Administration (2.1) in the full 
Prescribing Information].
First-line Treatment of EGFR Mutation-Positive Metastatic NSCLC
TAGRISSO is indicated for the first-line treatment of adult patients 
with metastatic NSCLC whose tumors have EGFR exon 19 deletions 
or exon 21 L858R mutations, as detected by an FDA-approved 
test [see Dosage and Administration (2.1) in the full Prescribing 
Information].
Previously Treated EGFR T790M Mutation-Positive Metastatic 
NSCLC
TAGRISSO is indicated for the treatment of adult patients with 
metastatic EGFR T790M mutation-positive NSCLC, as detected by 
an FDA-approved test, whose disease has progressed on or after 
EGFR tyrosine kinase inhibitor (TKI) therapy [see Dosage and 
Administration (2.1) in the full Prescribing Information].
DOSAGE AND ADMINISTRATION
Patient Selection
Select patients with resectable tumors for the adjuvant treatment 
of NSCLC with TAGRISSO based on the presence of EGFR exon 19 
deletions or exon 21 L858R mutations in tumor specimens [see 
Clinical Studies (14) in the full Prescribing Information].
Select patients for the first-line treatment of metastatic EGFR-positive 
NSCLC with TAGRISSO based on the presence of EGFR exon 19 
deletions or exon 21 L858R mutations in tumor or plasma specimens 
[see Clinical Studies (14) in the full Prescribing Information]. If these 
mutations are not detected in a plasma specimen, test tumor tissue 
if feasible.
Select patients for the treatment of metastatic EGFR T790M 
mutation-positive NSCLC with TAGRISSO following progression 
on or after EGFR TKI therapy based on the presence of an EGFR 
T790M mutation in tumor or plasma specimens [see Clinical 
Studies (14) in the full Prescribing Information]. Testing for 
the presence of the T790M mutation in plasma specimens is 
recommended only in patients for whom a tumor biopsy cannot  
be obtained. If this mutation is not detected in a plasma specimen, 
re-evaluate the feasibility of biopsy for tumor tissue testing.
Information on FDA-approved tests for the detection of EGFR 
mutations is available at http://www.fda.gov/companiondiagnostics.
Recommended Dosage Regimen
The recommended dosage of TAGRISSO is 80 mg tablet once a day. 
TAGRISSO can be taken with or without food.
If a dose of TAGRISSO is missed, do not make up the missed dose 
and take the next dose as scheduled.
Treat patients in the adjuvant setting until disease recurrence, or 
unacceptable toxicity, or for up to 3 years.
Treat patients with metastatic lung cancer until disease progression 
or unacceptable toxicity.
Administration to Patients Who Have Difficulty Swallowing Solids
Disperse tablet in 60 mL (2 ounces) of non-carbonated water only. 
Stir until tablet is dispersed into small pieces (the tablet will not 
completely dissolve) and swallow immediately. Do not crush, heat, 
or ultrasonicate during preparation. Rinse the container with 120 mL 
to 240 mL (4 to 8 ounces) of water and immediately drink.
If administration via nasogastric tube is required, disperse the tablet 
as above in 15 mL of non-carbonated water, and then use an additional 
15 mL of water to transfer any residues to the syringe. The resulting 
30 mL liquid should be administered as per the nasogastric tube 
instructions with appropriate water flushes (approximately 30 mL).
Dosage Modifications
Adverse Reactions

Table 1. Recommended Dosage Modifications for TAGRISSO

Target Organ Adverse Reaction* Dosage Modification
Pulmonary [see 
Warnings and 
Precautions 
(5.1) in the full 
Prescribing 
Information]

Interstitial lung disease
(ILD)/Pneumonitis

Permanently  
discontinue TAGRISSO.

Target Organ Adverse Reaction* Dosage Modification

Cardiac [see
Warnings and
Precautions 
(5.2, 5.3) in the 
full Prescribing 
Information]

QTc† interval greater 
than 500 msec on at 
least 2 separate ECGs‡

Withhold TAGRISSO until 
QTc interval is less than 
481 msec or recovery to 
baseline if baseline QTc  
is greater than or equal  
to 481 msec, then 
resume at 40 mg dose.

QTc interval 
prolongation  
with signs/symptoms 
of life-threatening 
arrhythmia

Permanently  
discontinue TAGRISSO.

Symptomatic 
congestive  
heart failure

Permanently  
discontinue TAGRISSO.

Cutaneous [see
Warnings and
Precautions 
(5.5) in the full 
Prescribing 
Information]

Stevens-Johnson 
syndrome (SJS), 
Erythema Multiforme
Major (EMM)

Withhold TAGRISSO 
if suspected and 
permanently discontinue 
if confirmed.

Other [see 
Adverse
Reactions 
(6.1) in the full 
Prescribing 
Information]

Adverse reaction of  
Grade 3 or greater 
severity

Withhold TAGRISSO 
for up to 3 weeks.

If improvement to  
Grade 0-2 within  
3 weeks

Resume at 80 mg or  
40 mg daily.

If no improvement 
within  
3 weeks

Permanently  
discontinue TAGRISSO.

* Adverse reactions graded by the National Cancer Institute Common 
Terminology Criteria for Adverse Events version 4.0 (NCI CTCAE v4.0).

† QTc = QT interval corrected for heart rate
‡ ECGs = Electrocardiogram
Drug Interactions
Strong CYP3A4 Inducers
If concurrent use is unavoidable, increase TAGRISSO dosage to 
160 mg daily when co-administering with a strong CYP3A inducer. 
Resume TAGRISSO at 80 mg 3 weeks after discontinuation of the 
strong CYP3A4 inducer [see Drug Interactions (7) and Clinical 
Pharmacology (12.3) in the full Prescribing Information].
CONTRAINDICATIONS
None.
WARNINGS AND PRECAUTIONS
Interstitial Lung Disease/Pneumonitis
Interstitial lung disease (ILD)/pneumonitis occurred in 3.7% of the 
1479 TAGRISSO-treated patients; 0.3% of cases were fatal.
Withhold TAGRISSO and promptly investigate for ILD in patients 
who present with worsening of respiratory symptoms which may 
be indicative of ILD (e.g., dyspnea, cough and fever). Permanently 
discontinue TAGRISSO if ILD is confirmed [see Dosage and 
Administration (2.4) and Adverse Reactions (6) in the full 
Prescribing Information].
QTc Interval Prolongation
Heart rate-corrected QT (QTc) interval prolongation occurs in 
patients treated with TAGRISSO. Of the 1479 patients treated with 
TAGRISSO in clinical trials, 0.8% were found to have a QTc > 500 
msec, and 3.1% of patients had an increase from baseline QTc > 
60 msec [see Clinical Pharmacology (12.2) in the full Prescribing 
Information]. No QTc-related arrhythmias were reported.
Clinical trials of TAGRISSO did not enroll patients with baseline 
QTc of > 470 msec. Conduct periodic monitoring with ECGs 
and electrolytes in patients with congenital long QTc syndrome, 
congestive heart failure, electrolyte abnormalities, or those who are 
taking medications known to prolong the QTc interval. Permanently 
discontinue TAGRISSO in patients who develop QTc interval 
prolongation with signs/symptoms of life-threatening arrhythmia [see 
Dosage and Administration (2.4) in the full Prescribing Information].
Cardiomyopathy
Across clinical trials, cardiomyopathy (defined as cardiac failure, 
chronic cardiac failure, congestive heart failure, pulmonary edema or 
decreased ejection fraction) occurred in 3% of the 1479 TAGRISSO-
treated patients; 0.1% of cardiomyopathy cases were fatal.
A decline in left ventricular ejection fraction (LVEF) ≥10 percentage 
points from baseline and to less than 50% LVEF occurred in 3.2% 
of 1233 patients who had baseline and at least one follow-up LVEF 
assessment. In the ADAURA study, 1.5% (5/325) of patients treated 
with TAGRISSO experienced LVEF decreases greater than or equal  
to 10 percentage points and a drop to less than 50%. 
Conduct cardiac monitoring, including assessment of LVEF at 
baseline and during treatment, in patients with cardiac risk factors. 
Assess LVEF in patients who develop relevant cardiac signs or 

symptoms during treatment. For symptomatic congestive heart 
failure, permanently discontinue TAGRISSO [see Dosage and 
Administration (2.4) in the full Prescribing Information].
Keratitis
Keratitis was reported in 0.7% of 1479 patients treated with 
TAGRISSO in clinical trials. Promptly refer patients with signs 
and symptoms suggestive of keratitis (such as eye inflammation, 
lacrimation, light sensitivity, blurred vision, eye pain and/or red eye) 
to an ophthalmologist. 
Erythema Multiforme and Stevens-Johnson Syndrome
Postmarketing cases consistent with Stevens-Johnson syndrome 
(SJS) and erythema multiforme major (EMM) have been reported in 
patients receiving TAGRISSO. Withhold TAGRISSO if SJS or EMM is 
suspected and permanently discontinue if confirmed.
Cutaneous Vasculitis
Postmarketing cases of cutaneous vasculitis including 
leukocytoclastic vasculitis, urticarial vasculitis, and IgA vasculitis 
have been reported in patients receiving TAGRISSO. Withhold 
TAGRISSO if cutaneous vasculitis is suspected, evaluate for 
systemic involvement, and consider dermatology consultation. If no 
other etiology can be identified, consider permanent discontinuation 
of TAGRISSO based on severity.
Embryo-Fetal Toxicity
Based on data from animal studies and its mechanism of action, 
TAGRISSO can cause fetal harm when administered to a pregnant 
woman. In animal reproduction studies, osimertinib caused post-
implantation fetal loss when administered during early development 
at a dose exposure 1.5 times the exposure at the recommended 
clinical dose. When males were treated prior to mating with untreated 
females, there was an increase in preimplantation embryonic loss at 
plasma exposures of approximately 0.5 times those observed at the 
recommended dose of 80 mg once daily. Verify pregnancy status 
of females of reproductive potential prior to initiating TAGRISSO. 
Advise pregnant women of the potential risk to a fetus. Advise 
females of reproductive potential to use effective contraception 
during treatment with TAGRISSO and for 6 weeks after the final 
dose. Advise males with female partners of reproductive potential to 
use effective contraception for 4 months after the final dose [see Use 
in Specific Populations (8.1, 8.3) in the full Prescribing Information].
ADVERSE REACTIONS
The following adverse reactions are discussed in greater detail in 
other sections of the labeling: 

• Interstitial Lung Disease/Pneumonitis [see Warnings and 
Precautions (5.1) in the full Prescribing Information]

• QTc Interval Prolongation [see Warnings and Precautions 
(5.2) in the full Prescribing Information]

• Cardiomyopathy [see Warnings and Precautions (5.3) in the 
full Prescribing Information]

• Keratitis [see Warnings and Precautions (5.4) in the full 
Prescribing Information] 

• Erythema multiforme and Stevens-Johnson syndrome [see 
Warnings and Precautions (5.5) in the full Prescribing 
Information]

• Cutaneous Vasculitis [see Warnings and Precautions (5.6) in 
the full Prescribing Information]

Clinical Trials Experience
Because clinical trials are conducted under widely varying 
conditions, adverse reaction rates observed in the clinical trials of 
a drug cannot be directly compared to rates in the clinical trials of 
another drug and may not reflect the rates observed in practice.
The data in the Warnings and Precautions section reflect exposure 
to TAGRISSO in 1479 patients with EGFR mutation-positive NSCLC 
who received TAGRISSO at the recommended dose of 80 mg once 
daily in three randomized, controlled trials [ADAURA (n=337), 
FLAURA (n=279), and AURA3 (n=279)], two single arm trials 
[AURA Extension (n=201) and AURA2 (n=210)], and one dose-
finding study, AURA1 (n=173) [see Warnings and Precautions (5) 
in the full Prescribing Information]. Among 1479 patients who 
received TAGRISSO, 81% were exposed for 6 months or longer and 
60% were exposed for greater than one year. In this pooled safety 
population, the most common adverse reactions in ≥20% of 1479 
patients who received TAGRISSO were diarrhea (47%), rash (45%), 
musculoskeletal pain (36%), nail toxicity (33%), dry skin (32%), 
stomatitis (26%), fatigue (21%), and cough (20%). The most 
common laboratory abnormalities in ≥20% of 1479 patients who 
received TAGRISSO were leukopenia (65%), lymphopenia (62%), 
thrombocytopenia (53%), anemia (47%), and neutropenia (33%).
The data described below reflect exposure to TAGRISSO (80 mg 
daily) in 337 patients with EGFR mutation-positive resectable 
NSCLC, and 558 patients with EGFR mutation-positive metastatic 
NSCLC in three randomized, controlled trials [ADAURA (n=337), 
FLAURA (n=279), and AURA3 (n=279)]. Patients with a history of 
interstitial lung disease, drug induced interstitial disease or radiation 
pneumonitis that required steroid treatment, serious arrhythmia or 
baseline QTc interval greater than 470 msec on electrocardiogram 
were excluded from enrollment in these studies.

Table 1. Recommended Dosage Modifications for TAGRISSO (cont’d)
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Adjuvant Treatment of EGFR Mutation-Positive NSCLC
The safety of TAGRISSO was evaluated in ADAURA, a randomized, 
double-blind, placebo-controlled trial for the adjuvant treatment of 
patients with EGFR exon 19 deletions or exon 21 L858R mutation- 
positive NSCLC who had complete tumor resection, with or without 
prior adjuvant chemotherapy. At time of DFS analysis, the median 
duration of exposure to TAGRISSO was 22.5 months.
Serious adverse reactions were reported in 16% of patients treated 
with TAGRISSO. The most common serious adverse reaction 
(≥1%) was pneumonia (1.5%). Adverse reactions leading to dose  
reductions occurred in 9% of patients treated with TAGRISSO. 
The most frequent adverse reactions leading to dose reductions or  
interruptions were diarrhea (4.5%), stomatitis (3.9%), nail toxicity 
(1.8%) and rash (1.8%). Adverse reactions leading to permanent 
discontinuation occurred in 11% of patients treated with TAGRISSO. 
The most frequent adverse reactions leading to discontinuation of 
TAGRISSO were interstitial lung disease (2.7%), and rash (1.2%).
Tables 2 and 3 summarize common adverse reactions and  
laboratory abnormalities which occurred in ADAURA. 
Table 2. Adverse Reactions Occurring in ≥10% of Patients 
Receiving TAGRISSO in ADAURAββ

Adverse Reaction
TAGRISSO 
(N=337)

PLACEBO 
(N=343)

All Grades
(%)

Grade 3 or 
higher† (%)

All Grades
(%)

Grade 3 or 
higher† (%)

Gastrointestinal Disorders
Diarrhea* 47 2.4 20 0.3
Stomatitis‡ 32 1.8 7 0
Abdominal Pain** 12 0.3 7 0
Skin Disorders
Rash§ 40 0.6 19 0
Nail toxicity¶ 37 0.9 3.8 0
Dry skin§§ 29 0.3 7 0
Pruritus# 19 0 9 0
Respiratory, Thoracic and Mediastinal Disorders
CoughÞ 19 0 19 0
Musculoskeletal and Connective Tissue Disorders
Musculoskeletal 
Pain ††

18 0.3 25 0.3

Infection and Infestation Disorders
Nasopharyngitis 14 0 10 0
Upper respiratory 
tract infection

13 0.6 10 0

Urinary Tract 
Infection¶¶

10 0.3 7 0

General Disorders and Administration Site Conditions
Fatigueβ 13 0.6 9 0.3
Nervous System Disorders
Dizziness ## 10 0 9 0
Metabolism and Nutrition Disorders
Decreased appetite 13 0.6 3.8 0

ββNCI CTCAE v4.0.
† All events were grade 3. 
* Includes diarrhea, colitis, enterocolitis, enteritis.
‡ Includes aphthous ulcer, cheilitis, gingival ulceration, glossitis, tongue  

ulceration, stomatitis and mouth ulceration.
**Includes abdominal discomfort, abdominal pain, abdominal lower pain, 

abdominal upper pain, epigastric discomfort, hepatic pain.
§ Includes rash, rash generalized, rash erythematous, rash macular, rash 

maculo-papular, rash papular, rash pustular, rash pruritic, rash vesicular, 
rash follicular, erythema, folliculitis, acne, dermatitis, dermatitis acneiform, 
dermatitis bullous, dermatitis exfoliative generalized, drug eruption, eczema, 
eczema asteatotic, lichen planus, skin erosion, pustule.

¶ Includes nail bed disorder, nail bed inflammation, nail bed infection, nail 
discoloration, nail pigmentation, nail disorder, nail toxicity, nail dystrophy,  
nail infection, nail ridging, onychalgia, onychoclasis, onycholysis, onycho-
madesis, onychomalacia, paronychia.

§§ Includes dry skin, skin fissures, xerosis, eczema, xeroderma.
# Includes pruritus, pruritus generalized, eyelid pruritus.
Þ Includes cough, productive cough, upper-airway cough syndrome
††Includes arthralgia, arthritis, back pain, bone pain, musculoskeletal chest 

pain, musculoskeletal pain, myalgia, neck pain, non-cardiac chest pain, pain 
in extremity, and spinal pain.

¶¶Includes cystitis, urinary tract infection, and urinary tract infection bacterial.
β Includes asthenia, fatigue
##Includes dizziness, vertigo, and vertigo positional.

Clinically relevant adverse reactions in ADAURA in <10% of patients 
receiving TAGRISSO were alopecia (6%), epistaxis (6%), interstitial 
lung disease (3%), palmar-plantar erythrodysesthesia syndrome 
(1.8%), keratitis (0.6%), QTc interval prolongation (0.6%), and  
erythema multiform (0.3%). QTc interval prolongation represents 
the incidence of patients who had a QTcF prolongation >500msec. 

Table 3. Laboratory Abnormalities Worsening from Baseline in 
≥20% of Patients in ADAURA

Laboratory  
Abnormality*, †

TAGRISSO
(N=337)

PLACEBO
(N=343)

All Grades 
(%)

Grade 3 or 
Grade 4 (%)

All Grades
(%)

Grade 3 or 
Grade 4 (%)

Hematology
Leukopenia 54 0 25 0
Thrombocytopenia 47 0 7 0.3
Lymphopenia 44 3.4 14 0.9
Anemia 30 0 12 0.3
Neutropenia 26 0.6 10 0.3
Chemistry 
Hyperglycemia 25 2.3 30 0.9
Hypermagnesemia 24 1.3 14 1.5
Hyponatremia 20 1.8 16 1.5

* NCI CTCAE v4.0
† Based on the number of patients with available follow-up laboratory data

Laboratory abnormalities in ADAURA that occurred in <20% of  
patients receiving TAGRISSO was increased blood creatinine (10%).
Previously Untreated EGFR Mutation-Positive Metastatic Non-Small 
Cell Lung Cancer
The safety of TAGRISSO was evaluated in FLAURA, a multicenter 
international double-blind randomized (1:1) active controlled trial 
conducted in 556 patients with EGFR exon 19 deletion or exon 21 
L858R mutation-positive, unresectable or metastatic NSCLC who 
had not received previous systemic treatment for advanced disease. 
The median duration of exposure to TAGRISSO was 16.2 months.
Serious adverse reactions were reported in 4% of patients treated 
with TAGRISSO; the most common serious adverse reactions (≥1%) 
were pneumonia (2.9%), ILD/pneumonitis (2.1%), and pulmonary 
embolism (1.8%). Dose reductions occurred in 2.9% of patients 
treated with TAGRISSO. The most frequent adverse reactions 
leading to dose reductions or interruptions were prolongation of 
the QT interval as assessed by ECG (4.3%), diarrhea (2.5%), and 
lymphopenia (1.1%). Adverse reactions leading to permanent 
discontinuation occurred in 13% of patients treated with TAGRISSO. 
The most frequent adverse reaction leading to discontinuation of 
TAGRISSO was ILD/pneumonitis (3.9%).
Tables 4 and 5 summarize common adverse reactions and laboratory 
abnormalities which occurred in FLAURA. 
Table 4. Adverse Reactions Occurring in ≥10% of Patients 
Receiving TAGRISSO in FLAURA*
Adverse Reaction TAGRISSO

(N=279)
EGFR TKI comparator
(gefitinib or erlotinib) 

(N=277)
Any Grade

(%)
Grade 3 or 
higher (%)

Any Grade
(%)

Grade 3 or 
higher (%)

Gastrointestinal Disorders
Diarrhea† 58 2.2 57 2.5
Stomatitisǁ 32 0.7 22 1.1
Nausea 14 0 19 0
Constipation 15 0 13 0
Vomiting 11 0 11 1.4
Skin Disorders
Rash‡ 58 1.1 78 7
Dry skin§ 36 0.4 36 1.1
Nail toxicity¶ 35 0.4 33 0.7
Pruritus# 17 0.4 17 0
General Disorders and Administration Site Conditions
FatigueÞ 21 1.4 15 1.4
Pyrexia 10 0 4 0.4
Metabolism and Nutrition Disorders
Decreased appetite 20 2.5 19 1.8
Respiratory, Thoracic and Mediastinal Disorders
Cough 17 0 15 0.4
Dyspnea 13 0.4 7 1.4
Neurologic Disorders
Headache 12 0.4 7 0

Adverse Reaction TAGRISSO
(N=279)

EGFR TKI comparator
(gefitinib or erlotinib) 

(N=277)
Any Grade

(%)
Grade 3 or 
higher (%)

Any Grade
(%)

Grade 3 or 
higher (%)

Cardiac Disorders
Prolonged QT 
Intervalβ

10 2.2 4 0.7

Infection and Infestation Disorders
Upper Respiratory 
Tract Infection

10 0 7 0

* NCI CTCAE v4.0
† One grade 5 (fatal) event was reported (diarrhea) for EGFR TKI comparator.ǁ Includes stomatitis and mouth ulceration.
‡ Includes rash, rash generalized, rash erythematous, rash macular, rash 

maculo-papular, rash papular, rash pustular, rash pruritic, rash vesicular, 
rash follicular, erythema, folliculitis, acne, dermatitis, dermatitis acneiform, 
drug eruption, skin erosion, pustule.

§ Includes dry skin, skin fissures, xerosis, eczema, xeroderma.
¶ Includes nail bed disorder, nail bed inflammation, nail bed infection, nail 

discoloration, nail pigmentation, nail disorder, nail toxicity, nail dystrophy, 
nail infection, nail ridging, onychalgia, onychoclasis, onycholysis, 
onychomadesis, onychomalacia, paronychia.

# Includes pruritus, pruritus generalized, eyelid pruritus.Þ Includes fatigue, asthenia.
β Includes prolonged QT interval reported as adverse reaction.

Clinically relevant adverse reactions in FLAURA in <10% of patients 
receiving TAGRISSO were alopecia (7%), epistaxis (6%), interstitial 
lung disease (3.9%), palmar-plantar erythrodysesthesia syndrome 
(1.4%), QTc interval prolongation (1.1%), and keratitis (0.4%). QTc 
interval prolongation represents the incidence of patients who had a 
QTcF prolongation >500msec.
Table 5. Laboratory Abnormalities Worsening from Baseline in 
≥20% of Patients in FLAURA

Laboratory 
Abnormality*, †

TAGRISSO
(N=279)

EGFR TKI comparator
(gefitinib or erlotinib)

(N=277)
All Grades 

(%)
Grade 3 or 

Grade 4 (%)
All Grades 

(%)
Grade 3 or 

Grade 4 (%)
Hematology
Lymphopenia 63 6 36 4.2
Anemia 59 0.7 47 0.4
Thrombocytopenia 51 0.7 12 0.4
Neutropenia 41 3 10 0
Chemistry
Hyperglycemia‡ 37 0 31 0.5
Hypermagnesemia 30 0.7 11 0.4
Hyponatremia 26 1.1 27 1.5
Increased AST 22 1.1 43 4.1
Increased ALT 21 0.7 52 8
Hypokalemia 16 0.4 22 1.1
Hyperbilirubinemia 14 0 29 1.1

*NCI CTCAE v4.0  
† Each test incidence, except for hyperglycemia, is based on the number  

of patients who had both baseline and at least one on-study laboratory  
measurement available (TAGRISSO range: 267 - 273 and EGFR TKI  
comparator range: 256 - 268)

‡ Hyperglycemia is based on the number of patients who had both baseline 
and at least one on-study laboratory measurement available: TAGRISSO 
(179) and EGFR comparator (191)

Clinically relevant laboratory abnormalities in FLAURA that occurred 
in <20% of patients receiving TAGRISSO was increased blood 
creatinine (9%).
Previously Treated EGFR T790M Mutation-Positive Metastatic  
Non-Small Cell Lung Cancer
The safety of TAGRISSO was evaluated in AURA3, a multicenter 
international open label randomized (2:1) controlled trial conducted 
in 419 patients with unresectable or metastatic EGFR T790M 
mutation-positive NSCLC who had progressive disease following 
first line EGFR TKI treatment. A total of 279 patients received 
TAGRISSO 80 mg orally once daily until intolerance to therapy, 
disease progression, or investigator determination that the patient 
was no longer benefiting from treatment. A total of 136 patients 
received pemetrexed plus either carboplatin or cisplatin every three 
weeks for up to 6 cycles; patients without disease progression after 
4 cycles of chemotherapy could continue maintenance pemetrexed 
until disease progression, unacceptable toxicity, or investigator 
determination that the patient was no longer benefiting from 
treatment. Left Ventricular Ejection Fraction (LVEF) was evaluated at 
screening and every 12 weeks. The median duration of treatment was 
8.1 months for patients treated with TAGRISSO and 4.2 months for 

Table 4. Adverse Reactions Occurring in ≥10% of Patients 
Receiving TAGRISSO in FLAURA* (cont’d)
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chemotherapy-treated patients. The trial population characteristics 
were: median age 62 years, age less than 65 (58%), female (64%), 
Asian (65%), never smokers (68%), and ECOG PS 0 or 1 (100%).
Serious adverse reactions were reported in 18% of patients treated 
with TAGRISSO and 26% in the chemotherapy group. No single 
serious adverse reaction was reported in 2% or more patients 
treated with TAGRISSO. One patient (0.4%) treated with TAGRISSO 
experienced a fatal adverse reaction (ILD/pneumonitis).
Dose reductions occurred in 2.9% of patients treated with 
TAGRISSO. The most frequent adverse reactions leading to dose 
reductions or interruptions were prolongation of the QT interval 
as assessed by ECG (1.8%), neutropenia (1.1%), and diarrhea 
(1.1%). Adverse reactions resulting in permanent discontinuation 
of TAGRISSO occurred in 7% of patients treated with TAGRISSO. 
The most frequent adverse reaction leading to discontinuation of 
TAGRISSO was ILD/pneumonitis (3%).
Tables 6 and 7 summarize common adverse reactions and laboratory 
abnormalities which occurred in TAGRISSO-treated patients in AURA3. 
Table 6. Adverse Reactions Occurring in ≥10% of Patients 
Receiving TAGRISSO in AURA3*

Adverse Reaction
TAGRISSO
(N=279)

Chemotherapy  
(Pemetrexed/Cisplatin 

or Pemetrexed/
Carboplatin)

(N=136)
All Grades†

(%)
Grade 3/4†

(%)
All Grades†

(%)
Grade 3/4†

(%)
Gastrointestinal Disorders
Diarrhea 41 1.1 11 1.5
Nausea 16 0.7 49 3.7
Stomatitisǁ 19 0 15 1.5
Constipation 14 0 35 0
Vomiting 11 0.4 20 2.2
Skin Disorders
Rash‡ 34 0.7 6 0
Dry skin§ 23 0 4.4 0
Nail toxicity¶ 22 0 1.5 0
Pruritus# 13 0 5 0
General Disorders and Administration Site Conditions
Fatigueþ 22 1.8 40 5.1
Metabolism and Nutrition Disorders
Decreased appetite 18 1.1 36 2.9
Respiratory, Thoracic and Mediastinal Disorders
Cough 17 0 14 0
Musculoskeletal and Connective Tissue Disorders
Back pain 10 0.4 9 0.7

*NCI CTCAE v4.0.
† No grade 4 events were reported.ǁIncludes stomatitis and mouth ulceration
‡ Includes rash, rash generalized, rash erythematous, rash macular, rash 

maculo-papular, rash papular, rash pustular, erythema, folliculitis, acne, 
dermatitis, acneiform dermatitis, pustule.

§ Includes dry skin, eczema, skin fissures, xerosis.
¶ Includes nail disorders, nail bed disorders, nail bed inflammation, nail bed 

tenderness, nail discoloration, nail disorder, nail dystrophy, nail infection, nail 
ridging, nail toxicity, onychalgia, onychoclasis, onycholysis, onychomadesis, 
paronychia.

# Includes pruritus, pruritus generalized, eyelid pruritus.
þ Includes fatigue, asthenia.

Clinically relevant adverse reactions in AURA3 in <10% of patients 
receiving TAGRISSO were epistaxis (5%), interstitial lung disease 
(3.9%), alopecia (3.6%), palmar-plantar erythrodysesthesia 
syndrome (1.8%), QTc interval prolongation (1.4%), keratitis (1.1%), 
and erythema multiform (0.7%). QTc interval prolongation represents 
the incidence of patients who had a QTcF prolongation >500msec.
Table 7. Laboratory Abnormalities Worsening from Baseline in 
≥20% of Patients in AURA3

Laboratory 
Abnormality*, †

TAGRISSO
(N=279)

Chemotherapy 
(Pemetrexed/Cisplatin 

or Pemetrexed/
Carboplatin)

(N=131)
All Grades 

(%)
Grade 3 or 

Grade 4 (%)
All Grades

(%)
Grade 3 or 

Grade 4 (%)
Hematology
Anemia 43 0 79 3.1
Lymphopenia 63 8 61 10
Thrombocytopenia 46 0.7 48 7
Neutropenia 27 2.2 49 12

Laboratory 
Abnormality*, †

TAGRISSO
(N=279)

Chemotherapy 
(Pemetrexed/Cisplatin 

or Pemetrexed/
Carboplatin)

(N=131)
All Grades 

(%)
Grade 3 or 

Grade 4 (%)
All Grades

(%)
Grade 3 or 

Grade 4 (%)
Chemistry
Hypermagnesemia† 27 1.8 9 1.5
Hyponatremia† 26 2.2 36 1.5
Hyperglycemia‡ 20 0 NA NA
Hypokalemia† 9 1.4 18 1.5

NA=not applicable
*  NCI CTCAE v4.0  
† Each test incidence, except for hyperglycemia, is based on the number  

of patients who had both baseline and at least one on-study laboratory  
measurement available (TAGRISSO 279, Chemotherapy comparator 131)

‡ Hyperglycemia is based on the number of patients who had both baseline 
and at least one on-study laboratory measurement available (TAGRISSO 
270, Chemotherapy 5; fasting glucose was not a protocol requirement for 
patients in the chemotherapy arm)

Clinically relevant laboratory abnormalities in AURA3 that occurred 
in <20% of patients receiving TAGRISSO included increased blood 
creatinine (7%).
Postmarketing Experience
The following adverse reactions have been identified during post-
approval use of TAGRISSO. Because these reactions are reported 
voluntarily from a population of uncertain size, it is not always 
possible to reliably estimate their frequency or establish a causal 
relationship to drug exposure.
Skin and subcutaneous tissue: Stevens-Johnson syndrome, erythema 
multiforme, cutaneous vasculitis
DRUG INTERACTIONS
Effect of Other Drugs on Osimertinib
Strong CYP3A Inducers
Co-administering TAGRISSO with a strong CYP3A4 inducer 
decreased the exposure of osimertinib compared to administering 
TAGRISSO alone [see Clinical Pharmacology (12.3) in the full 
Prescribing Information]. Decreased osimertinib exposure may lead 
to reduced efficacy.
Avoid co-administering TAGRISSO with strong CYP3A inducers. 
Increase the TAGRISSO dosage when co-administering with a strong 
CYP3A4 inducer if concurrent use is unavoidable [see Dosage and 
Administration (2.4) in the full Prescribing Information]. No dose 
adjustments are required when TAGRISSO is used with moderate 
and/or weak CYP3A inducers.
Effect of Osimertinib on Other Drugs
Co-administering TAGRISSO with a breast cancer resistant protein 
(BCRP) or P-glycoprotein (P-gp) substrate increased the exposure 
of the substrate compared to administering it alone [see Clinical 
Pharmacology (12.3) in the full Prescribing Information]. Increased 
BCRP or P-gp substrate exposure may increase the risk of exposure-
related toxicity.
Monitor for adverse reactions of the BCRP or P-gp substrate, unless 
otherwise instructed in its approved labeling, when co-administered 
with TAGRISSO.
Drugs That Prolong the QTc Interval
The effect of co-administering medicinal products known to prolong 
the QTc interval with TAGRISSO is unknown. When feasible, avoid 
concomitant administration of drugs known to prolong the QTc 
interval with known risk of Torsades de pointes. If not feasible to 
avoid concomitant administration of such drugs, conduct periodic 
ECG monitoring [see Warnings and Precautions (5.2) and Clinical 
Pharmacology (12.3) in the full Prescribing Information].
USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on data from animal studies and its mechanism of action [see 
Clinical Pharmacology (12.1) in the full Prescribing Information], 
TAGRISSO can cause fetal harm when administered to a pregnant 
woman. There are no available data on TAGRISSO use in pregnant 
women. Administration of osimertinib to pregnant rats was 
associated with embryolethality and reduced fetal growth at plasma 
exposures 1.5 times the exposure at the recommended clinical dose 
(see Data). Advise pregnant women of the potential risk to a fetus.
In the U.S. general population, the estimated background risk 
of major birth defects and miscarriage in clinically recognized 
pregnancies is 2% to 4% and 15% to 20%, respectively.
Data
Animal Data
When administered to pregnant rats prior to embryonic implantation 

through the end of organogenesis (gestation days 2-20) at a dose of 
20 mg/kg/day, which produced plasma exposures of approximately 
1.5 times the clinical exposure, osimertinib caused post-implantation 
loss and early embryonic death. When administered to pregnant rats 
from implantation through the closure of the hard palate (gestation 
days 6 to 16) at doses of 1 mg/kg/day and above (0.1 times the AUC 
observed at the recommended clinical dose of 80 mg once daily), an 
equivocal increase in the rate of fetal malformations and variations 
was observed in treated litters relative to those of concurrent 
controls. When administered to pregnant dams at doses of 30 mg/
kg/day during organogenesis through lactation Day 6, osimertinib 
caused an increase in total litter loss and postnatal death. At a dose 
of 20 mg/kg/day, osimertinib administration during the same period 
resulted in increased postnatal death as well as a slight reduction 
in mean pup weight at birth that increased in magnitude between 
lactation days 4 and 6.
Lactation
Risk Summary
There are no data on the presence of osimertinib or its active 
metabolites in human milk, the effects of osimertinib on the 
breastfed infant or on milk production. Administration to rats during 
gestation and early lactation was associated with adverse effects, 
including reduced growth rates and neonatal death [see Use in 
Specific Populations (8.1) in the full Prescribing Information]. 
Because of the potential for serious adverse reactions in breastfed 
infants from osimertinib, advise women not to breastfeed during 
treatment with TAGRISSO and for 2 weeks after the final dose.
Females and Males of Reproductive Potential
Based on animal data, TAGRISSO can cause malformations, embryo 
lethality, and postnatal death at doses resulting in exposures 1.5 times 
or less the human exposure at the clinical dose of 80 mg daily [see 
Use in Specific Populations (8.1) in the full Prescribing Information].
Pregnancy Testing
Verify the pregnancy status of females of reproductive potential  
prior to initiating TAGRISSO.
Contraception
Females
Advise females of reproductive potential to use effective 
contraception during treatment with TAGRISSO and for 6 weeks 
after the final dose [see Use in Specific Populations (8.1) in the full 
Prescribing Information].
Males
Advise male patients with female partners of reproductive potential 
to use effective contraception during and for 4 months following the 
final dose of TAGRISSO [see Nonclinical Toxicology (13.1) in the full 
Prescribing Information].
Infertility
Based on animal studies, TAGRISSO may impair fertility in females 
and males of reproductive potential. The effects on female fertility 
showed a trend toward reversibility. It is not known whether the 
effects on male fertility are reversible [see Nonclinical Toxicology 
(13.1) in the full Prescribing Information].
Pediatric Use
The safety and effectiveness of TAGRISSO in pediatric patients have 
not been established.
Geriatric Use
Forty-three percent (43%) of the 1479 patients in ADAURA (n=337), 
FLAURA (n=279), AURA3 (n=279), AURA Extension (n=201), 
AURA2 (n=210), and AURA1, (n=173) were 65 years of age and 
older. No overall differences in effectiveness were observed based 
on age. Exploratory analysis suggests a higher incidence of Grade 3 
and 4 adverse reactions (35% vs 27%) and more frequent dose 
modifications for adverse reactions (32% vs 21%) in patients  
65 years or older as compared to those younger than 65 years.
Renal Impairment
No dose adjustment is recommended in patients with creatinine 
clearance (CLcr) 15 - 89 mL/min, as estimated by Cockcroft-Gault. 
There is no recommended dose of TAGRISSO for patients with end-
stage renal disease (CLcr <15 mL/min) [see Clinical Pharmacology 
(12.3) in the full Prescribing Information].
Hepatic Impairment
No dose adjustment is recommended in patients with mild 
to moderate hepatic impairment (Child-Pugh A and B or total 
bilirubin ≤ ULN and AST > ULN or total bilirubin 1 to 3 times ULN 
and any AST). There is no recommended dose for TAGRISSO for 
patients with severe hepatic impairment (total bilirubin between  
3 to 10 times ULN and any AST) [see Clinical Pharmacology (12.3) 
in the full Prescribing Information].

Distributed by:  
AstraZeneca Pharmaceuticals LP, Wilmington, DE 19850
TAGRISSO is a registered trademark of the AstraZeneca group  
of companies.
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Table 7. Laboratory Abnormalities Worsening from Baseline in 
≥20% of Patients in AURA3 (cont’d)
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by  MEIR RINDE

The success of coronavirus disease 2019 (COVID-19) vaccines based on messenger RNA has 
sparked broad interest in leveraging the technology to develop therapeutic cancer vaccines, with 
clinical trials for a number of solid tumors already under way. Leading immunologists discuss the 
potential advantages of this approach.
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C O N T E N T S Science Begets Science
THE CREATION OF 2 VACCINES against coronavirus disease 2019 (COVID-19) 
based on messenger RNA (mRNA) technology is one of the positive developments 
that occurred during the pandemic. In just 9 months, the pharmaceutical industry 
delivered a novel, safe, and effective way to combat a virus that has claimed the 
lives of more than 2.7 million people worldwide.1 

That is a stunning achievement by any measure. It is important to note, 
however, that these advances did not occur in a vacuum. Scientists have been 
investigating novel vaccine technologies, including the potential for mRNA-based 
approaches, since the early 1990s.2 When the pandemic began, investiga-
tors had already conducted the underlying scientific research that makes the 
vaccines possible. 

Now the success of the Pfizer-BioNTech and Moderna COVID-19 vaccines serves 
as a proof of concept for the mRNA strategy not only for infectious diseases such 
as COVID-19 but also for many solid malignancies. In our cover story in this issue 
of OncologyLive®, we discuss the potential for cancer indications using mRNA 
technology with several of the nation’s leading immunologists. Not surprisingly, 
investigators from industry and academia are exploring multiple options, includ-
ing several now in phase 2 clinical trials.

Overall, studies for novel therapeutic cancer vaccines involve 3 major plat-
forms: cellular, viral vector, and molecular, a category that includes RNA-based 
approaches. The availability of next-generation sequencing has opened the door 
for selecting neoantigen targets, and advances in nanoparticle technology have 
improved delivery systems. Meanwhile, the emergence of immune checkpoint 
inhibitor therapy has created the possibility of combination regimens.3

These developments add up to quite an exciting future for therapeutic cancer 
vaccines. They also illustrate the importance of supporting scientific investigation 
with robust academic and industry infrastructure. 

When the next breakthrough occurs, we would do well to remember an observa-
tion that Herbert Kim Lyerly, MD, made in our story: “You prepare your whole life 
to be an overnight success.”

As always, thank you for reading.
Mike Hennessy Sr

Chairman and Founder
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ONE ONLY NEED CONSIDER media 
descriptions of the clinical utility of the 
3 FDA-authorized coronavirus disease 2019 
(COVID-19) vaccines to understand the 

concerning status of communicating vitally important 
health-related information to the public.

Is the Johnson & Johnson product somewhat or substan-
tially less effective, equally effective, or more effective 
(because it only requires a single administration) 
compared with the 2 previously authorized mRNA-based 
vaccines?1  What are the relative values of the 3 vaccines 
against the multiple—and possibly far more virulent—viral 
variants? What is the appropriate study end point for deter-
mining the benefits of a COVID-19 vaccine: the rate of 
infection; the percentage of individuals developing mild, 
moderate, or severe symptoms; or the number of individu-
als requiring hospitalization or ventilator support, or dying 
of the infection?

Media commentators with medical degrees (some with 
questionable additional qualifications) are regularly provid-
ing their own interpretations of study results, which may 
be inconsistent and confusing to the public. And, one must 
add to this disquieting mix of rhetoric comments such as 
those from one elected official that feed the perception that 
the Johnson & Johnson vaccine is not effective enough.2

The angst associated with the ongoing public debate 
on measures to control and subsequently end the 

pandemic is further fueled by statements that those 
who support expert-recommended public health policies 
are pro-science whereas those who do not are anti-sci-
ence. A recently published commentary in Science has 
appropriately highlighted concerns that the issue is 
less about acceptance of facts and more about relative 
values.3 As the authors note: “Acceptance of intrusive 
public health policies, no matter how essential, depends 
on trust, not merely in ‘the facts’ but also in the insti-
tutions that produce and evaluate evidence and weigh 
trade-offs.” They add: “These disputes signal dissat-
isfaction with trade-offs that some citizens see as 
elevating expert values above their own…. American 
public health discourse too often labels policies as either 
‘evidence-based’ or baseless. Decision-makers may find it 
expedient to shield themselves behind characterizations, 
but hiding the value choices only inspires resistance 
and denialism.”

INFORMATION ISSUES IN ONCOLOGY
In the cancer arena, the COVID-19 information problems 
highlight the critical role of clear, honest, and effective 
communication with the public, patients, and their fami-
lies regarding the increasing complexity of a multitude of 
topics related to malignant disease and its management. 
Unfortunately, space will allow only a brief view of ongo-
ing and growing concerns in this arena.

To begin, we must recognize just how quickly the arma-
mentarium of therapeutic options has increased in very 
specific areas, how complex and potentially time-consum-
ing discussions of patient choice have become, and how 
critical it is that we improve our approaches to effective 
communication. For example, in discussing clinical trial 
results with patients and their families, is it appropri-
ate to believe that all parties understand the meaning and 
implications of progression-free vs overall survival? What 
about the relevance of a partial response vs a complete 
response, the impact of second-line (or later) therapy on 
the ultimate survival end point, or the fact that most clin-
ical trials do not represent the remarkably heterogeneous 
nature of real-world patients?

As noted in the Science commentary, the expression 
evidence-based, so widely used in oncology to magnify 

“Aligning patients’ values with broader societal needs will 
require heightened efforts by the oncology community to 

provide clear and honest communication.”
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the status of the requirement for specific types of clinical trials (eg, 
large phase 3 randomized trials), may be of limited relevance in 
treating individual patients. This situation is eloquently acknowl-
edged in a recent commentary discussing the decision of women 
with breast cancer to elect to undergo a contralateral prophylac-
tic mastectomy (CPM).4 The authors note: “For an individual patient 
with unique preferences and values, it may be rational to choose 
CPM despite the operation’s risks and lack of a survival benefit. From 
a societal perspective, however, the resources used for CPM could 
be allocated more effectively elsewhere.”4 Critically, the values of 
the individual patient may differ from the claims of the evidence 
and the recommendations of academic experts. Finally, it must be 
acknowledged that what may be in the best interest of the popula-
tion regarding the cost effectiveness of care may be inconsistent with 
what patients decide is in their own best interest.

Aligning patients’ values with broader societal needs requires 
heightened efforts by the oncology community to provide clear and 
honest communication that far exceeds the often-employed declara-
tion that high-quality “evidence” provides the answer. Some translate 
this specifically as phase 3 randomized trial data revealing a statis-
tically significant improvement in overall survival. Unfortunately, 
in addition to concerns with the real-world relevance of such studies 
to individual patient care, oncologists are confronted with the rapid 
acceleration in the amount of often-excellent data that can be consid-
ered in cancer management decisions.

Two reports of extensive analyses at the population level of breast 
cancer risks associated with various genes emphasize the magnitude 
of this concern.5,6 The findings revealed that a number of genes, in 
addition to the well-established roles of BRCA1 and BRCA2, increase 
this risk, some to a rather significant extent but others far more 
modestly. How should this information be incorporated into patients’ 
decision-making regarding prophylactic surgery and drug-preven-
tion strategies as well as modifications in recommendations for 
routine screening?  

There are no simple answers to resolve these dilemmas, just as 
there are no easy solutions to the complex and ongoing COVID-19 
public health-related controversies. Hopefully, highlighting  
the issues involved will stimulate thoughtful discussion and, 
ultimately, suggestions for more effective approaches to  
meaningful communications. ■
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Axi-cel Gets Green Light for Relapsed/
Refractory Follicular Lymphoma
The FDA has approved axicabtagene ciloleucel (axi-cel; 

Yescarta) for the treatment of adult patients with relapsed 

or refractory follicular lymphoma following 2 or more lines of 

systemic therapy.

The new indication for the CD19-directed genetically modified autologous 

T-cell immunotherapy, which gained its initial approval in 2017, was based on 

findings from the phase 2 ZUMA-5 trial (NCT03105336). The trial enrolled 146 

patients with either relapsed or refractory follicular lymphoma or marginal zone 

lymphoma who had previously received treatment with the combination of an 

anti-CD20 monoclonal antibody and an alkylating agent.

In 81 patients with relapsed or refractory follicular lymphoma, the therapy 

elicited a response in 91%. Sixty percent of these patients achieved a complete 

remission and 74% had a continued remission at 18 months. Additionally, 

25 patients experienced a partial remission and 13 met imaging criteria for 

complete remission without confirmation by negative bone marrow biopsy 

following treatment. At median follow-up of 14.5 months, the median duration of 

response was not reached for patients with follicular lymphoma. 

 TO READ MORE,  V ISIT   https://bit . ly/3921cxm.

HCC Treatment Options Expand  
With TheraSphere Y-90
The FDA has approved TheraSphere Yttrium-90 (Y-90) Glass 

Microspheres as selective internal radiation therapy for patients 

with hepatocellular carcinoma (HCC). 

The approval is based on findings from the retrospective LEGACY 

trial, which enrolled patients with unresectable HCC, Child-Pugh class A liver 

function, ECOG score 0 or 1, and solitary tumors that were no larger than  

8 cm. In 162 eligible patients, the treatment elicited an objective response rate 

of 72.2% (95% CI, 64.9%-78.5%). Approximately one-fourth of patients (27.8%) 

were considered to be unevaluable due to transplant or resection, lack of confir-

matory imaging, or other reasons. Of the responders (n = 117), 76.1% (95% CI, 

67.6%-82.9%) had a duration of response of 6 months or more, meeting both 

primary end points of the study.

Further analysis presented at the European Society for Medical Oncology 

Virtual Congress 2020 showed a median overall survival of 57.9 months, with a 

3-year overall survival rate of 86.6% in the intention-to-treat population.

 TO READ MORE,  V ISIT   https://bit . ly/3lBgqhF.

Tivozanib Receives Go Ahead in RCC
The FDA has approved the potent, highly selective VEGFR inhib-

itor tivozanib (Fotivda) for the treatment of adult patients with 

relapsed/refractory advanced renal cell carcinoma (RCC) 

following 2 or more prior systemic therapies.

The approval was based on findings from the phase 3 TIVO-3 study 

(NCT02627963). The trial enrolled 350 patients with highly refractory metastatic 

RCC who had failed 2 or more prior regimens, including VEGF-tyrosine kinase 

inhibitor treatment, 1:1 to receive either oral tivozanib or sorafenib (Nexavar).

Data from TIVO-3 showed that the median overall survival was 16.4 months 

for tivozanib (95% CI, 13.4-22.2) and 19.2 months for sorafenib (95% CI, 15.0-

24.2), with a median follow-up of 38 months for tivozanib and 40 months for 

sorafenib. Thirty-one patients (18%) in the tivozanib arm achieved a partial 

response (PR), whereas 14 patients (8%) experienced a PR in the sorafenib arm. 

A subset analysis showed that the greatest benefit was derived by the cohort of 

patients who previously received a checkpoint inhibitor and VEGF inhibitor, with 

an HR of 0.55, or 2 VEGF tyrosine kinase inhibitors, with an HR of 0.57.

 TO READ MORE,  V ISIT   https://bit . ly/3tEbuva.

Ruxolitinib Moves Ahead for GVHD
The FDA has granted a priority review to the supplemental new 

drug application for ruxolitinib (Jakafi) for use in adult and pedi-

atric patients 12 years and older with steroid-refractory chronic 

graft-vs-host disease (GVHD).

The application for the Janus kinase inhibitor is based on data 

from the phase 3 REACH3 trial (NCT03112603). The trial enrolled 329 patients 

who were randomized to receive either ruxolitinib at 10 mg twice daily, with or 

without steroids, and a calcineurin inhibitor (n = 165), or best available therapy 

(BAT; n = 164). Prior to randomization, investigators selected BAT from a list 

of 10 options, including extracorporeal photopheresis, ibrutinib (Imbruvica), 

and methotrexate.

Trial data showed that ruxolitinib elicited an overall response rate of 49.7% in 

patients with steroid-refractory chronic GVHD compared with 25.6% with BAT 

(OR, 2.99; 95% CI, 0.86-4.80; P < .0001). Seventy-one patients (43%) who experi-

enced a response in the ruxolitinib arm had a partial response, whereas 

11 patients (6.7%) had a complete response.

The FDA is expected to decide on the application by June 22, 2021.

 TO READ MORE,  V ISIT   https://bit . ly/3d0PJiN.

Paclitaxel and Encequidar Combination  
in Metastatic Breast Cancer Hits Roadblock
The FDA has issued a complete response letter to Athenex, Inc, 

stating it will not, at this time, approve the new drug application 

for oral paclitaxel in combination with encequidar for the treat-

ment of patients with metastatic breast cancer.

The FDA cited safety concerns due to an increase in neutropenia-related 

effects reported in patients who received oral paclitaxel/encequidar vs those 

given intravenous paclitaxel. Additionally, the agency cited concerns regarding 

objective response rate data at week 19 per blinded independent central review 

from the phase 3 KX-ORAX-001 trial (NCT02594371).

Findings from the trial, which enrolled 402 patients with metastatic breast 

cancer, showed that patients treated with paclitaxel plus encequidar (n = 265) 

had an objective response rate of 36% compared with 24% in the intravenous 

paclitaxel arm (n = 137; P = .01). However, more patients who received pacli-

taxel/encequidar experienced grade 4 neutropenia and infection. Patients in the 

investigative arm also had a higher rate of gastrointestinal toxicities compared 

with those in the control arm.

The FDA recommended that the pharmaceutical company launch a “new, 

adequate, well-conducted” trial in patients with metastatic breast cancer that is 

representative of the United States population. Further, more risk-mitigation 

strategies to improve safety are needed to support a potential approval of the 

regimen; these efforts could include dose optimization and/or exclusion of 

patients who are at increased risk of toxicity.

 TO READ MORE,  V ISIT   https://bit . ly/313ax3q.
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FDA Will Reassess 6 Immunotherapy Accelerated Approvals
SIX INDICATIONS FOR IMMUNE checkpoint inhibitors (ICIs) granted under the 

FDA’s accelerated approval process that later failed confirmatory clinical trials are 

being reassessed as the agency continues an industry-wide evaluation of drugs 

directed at the PD-1/PD-L1 pathway (FIGURE ).

The FDA’s Oncologic Drugs Advisory Committee (ODAC) will hold a special 

3-day public hearing on April 27-29 to allow expert commentary and patient testi-

mony about the drugs, which are being used to treat triple-negative breast cancer 

(TNBC), metastatic urothelial carcinoma (mUC), gastric cancers, and hepatocellular 

carcinoma (HCC), the agency announced on March 11. Based on the testimony, 

ODAC will consider whether the approvals should be withdrawn and whether addi-

tional trials should be conducted.1

The hearings will involve 2 indications for atezolizumab (Tecentriq), 3 for 

pembrolizumab (Keytruda), and 1 for nivolumab (Opdivo). Specifically, these indica-

tions will be reviewed:

• Atezolizumab: in combination with nab-paclitaxel (Abraxane) for the treatment 

of patients with PD-L1–positive unresectable locally advanced or metastatic 

TNBC; and as monotherapy for patients with locally advanced or mUC who are 

not eligible for cisplatin-containing chemotherapy

• Pembrolizumab: as monotherapy for patients with locally advanced or mUC 

who are not eligible for cisplatin-containing chemotherapy; for patients with 

recurrent locally advanced or metastatic gastric or gastroesophageal junc-

tion adenocarcinoma that expresses PD-L1 and has progressed after 2 or 

more prior lines of therapy; and for patients with HCC previously treated with 

sorafenib (Nexavar)

• Nivolumab: as a single agent for patients with HCC who previously 

received sorafenib

The FDA announced the hearings after a flurry of ICI indications were voluntarily 

withdrawn by pharmaceutical companies, starting in December 2020, as part of 

what the FDA described as an industry-wide evaluation of accelerated approvals in 

oncology “in which confirmatory trials did not confirm clinical benefit.”1 As part of 

the voluntary withdrawals, Bristol Myers Squibb and Merck said they will discon-

tinue indications for nivolumab and pembrolizumab, respectively, for patients 

with metastatic small cell lung cancer whose disease has progressed after plat-

inum-based chemotherapy and at least 1 other line of therapy; AstraZeneca will 

withdraw an indication for durvalumab (Imfinzi) for patients with locally advanced or 

mUC that has progressed after chemotherapy or within 12 months of neoadjuvant 

or adjuvant chemotherapy; and Genentech will halt an indication for atezolizumab 

for patients with mUC previously treated with platinum-based chemotherapy.

IMPACT OF PROGRAM
Under the accelerated approval program, drugs are able to gain indications more 

quickly than through a regular approval timeline based on a surrogate end point. 

Pharmaceutical companies are then required to conduct a trial that confirms a clin-

ical benefit; if the study is successful, the FDA grants regular approval status.2 

The FDA’s Oncology Center of Excellence, which reviews and expedites the devel-

opment of cancer drugs, requested the April hearings. The center is headed by 

Richard Pazdur, MD, a 2019 Giants of Cancer Care® award winner for Community 

Outreach who also is serving as acting director of the Office of Oncologic Diseases 

in the FDA’s Center for Drug Evaluation and Research.

“We are committed to ensuring the integrity of the accelerated approval 

program, which is designed to bring safe and effective drugs to patients with unmet 

medical needs as quickly as possible,” Pazdur said in a statement.1 “The program 

allows the FDA to approve a drug or biologic product intended to treat a serious 

or life-threatening condition based on an outcome that can be measured earlier 

than survival that demonstrates a meaningful advantage over available therapies. 

However, when confirmatory trials do not confirm clinical benefit, a reevaluation 

must be performed to determine if the approval should be withdrawn.” 

The hearings will give oncology experts outside the FDA and patients with cancer 

an opportunity to describe their experiences with the drugs, Pazdur said. “After this 

advisory meeting, our staff will consider the committee’s comments and will make 

final decisions regarding continuing approval of each indication,” he said.

The accelerated approval pathway, introduced in 1992, has been “an extremely 

important mechanism to promote development of and access to therapies for serious 

or life-threatening illnesses,” according to a report by Friends of Cancer Research. 

Cancer therapies approved through the pathway reached patients a median of 

3.4 years earlier than they would have if their status were dependent upon a primary 

clinical end point such as overall survival for approval, the report noted.3

Since the program began, only 6% of accelerated approvals for oncology drugs 

have been withdrawn, including the 4 recent ICI indications, the FDA said.1

Other indications for the ICIs under review are not affected by the April hearings 

or the announced withdrawals. ■
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FIGURE. Mechanisms of  PD-1/PD-L1 Immune Checkpoint  Inhibitors

©
 K

AT
ER

YN
A_

KO
N

 - 
ST

O
C

K.
AD

O
BE

.C
O

M

Tumor



L E A R N  M O R E  AT  B R U K I N S A . c o m

 FOR ADULT PATIENTS WITH MANTLE CELL LYMPHOMA (MCL)

BRUK INS A—THE BTK INHIBITOR DEMONSTRATED
TO PROVIDE COMPLETE AND SUSTAINED INHIBITION1,2

BRUKINSA® (zanubrutinib) is a kinase inhibitor indicated for the treatment of adult patients with mantle cell 
lymphoma (MCL) who have received at least one prior therapy. This indication is approved under accelerated 
approval based on overall response rate. Continued approval for this indication may be contingent upon 
verification and description of clinical benefit in a confirmatory trial.

24-hour inhibition of BTK was maintained at 100% in PBMCs and 94% to 100% 
in lymph nodes when taken at the recommended total daily dose of 320 mg. 
The clinical significance of 100% inhibition has not been established. 1,2

DEMONSTRATED SAFET Y PROFILE 1

The most common adverse reactions (≥ 20%) 
included neutrophil count decreased, platelet  
count decreased, upper respiratory tract infection, 
white blood cell count decreased, hemoglobin 
decreased, rash, bruising, diarrhea, and cough. 

POWERFUL RESPONSES 1

The efficacy of BRUKINSA was IRC-assessed in 2 clinical trials that 
included a total of 118 adult patients with MCL who received at least  
1 prior therapy. Tumor response was according to the 2014 Lugano 
classification for both studies, and the primary efficacy endpoint was  
ORR as assessed by an IRC. Study BGB-3111-206 (Study 206): N=86, 
Phase 2, open-label, multicenter, single-arm trial; PET scans were required 
for response assessment. Study BGB-3111-AU-003 (Study 003): N=32, 
Phase 1/2, open-label, global, multicenter, single-arm trial; PET scans  
were not required for response assessment and the majority of patients 
were assessed by CT scan.

BTK=Bruton’s tyrosine kinase; CI=confidence interval; CR=complete 
response; CT=computed tomography; DOR=duration of response;  
IRC=independent review committee; NE=not estimable; ORR=overall 
response rate; PBMCs=peripheral blood mononuclear cells; PET=positron 
emission tomography.Median follow-up time was 18.4 months for  

Study 206 and 18.8 months for Study 0033

(95% CI: 16.6, NE)
MEDIAN DOR

STUDY  206  | PE T-BASED 1 STUDY  003  | CT-BASED 1

84 %
ORR

(95% CI: 74, 91)

59 %
CR

19.5mo

(95% CI: 12.6, NE)
MEDIAN DOR

84 %
ORR

(95% CI: 67, 95)

22 %
CR

18.5mo

IMPORTANT SAFETY INFORMATION
WARNINGS AND PRECAUTIONS
Hemorrhage 
Fatal and serious hemorrhagic events have occurred in 
patients with hematological malignancies treated with 
BRUKINSA monotherapy. Grade 3 or higher bleeding  
events including intracranial and gastrointestinal 
hemorrhage, hematuria and hemothorax have been 
reported in 2% of patients treated with BRUKINSA 
monotherapy. Bleeding events of any grade, including 
purpura and petechiae, occurred in 50% of patients  
treated with BRUKINSA monotherapy. 
Bleeding events have occurred in patients with and  
without concomitant antiplatelet or anticoagulation 
therapy. Co-administration of BRUKINSA with antiplatelet  
or anticoagulant medications may further increase the  
risk of hemorrhage.
Monitor for signs and symptoms of bleeding. Discontinue 
BRUKINSA if intracranial hemorrhage of any grade occurs. 
Consider the benefit-risk of withholding BRUKINSA for 3-7 
days pre- and post-surgery depending upon the type of 
surgery and the risk of bleeding.

Infections 
Fatal and serious infections (including bacterial, viral,  
or fungal) and opportunistic infections have occurred in 
patients with hematological malignancies treated with 
BRUKINSA monotherapy. Grade 3 or higher infections 
occurred in 23% of patients treated with BRUKINSA 
monotherapy. The most common Grade 3 or higher infection 
was pneumonia. Infections due to hepatitis B virus (HBV) 
reactivation have occurred. 
Consider prophylaxis for herpes simplex virus, 
pneumocystis jiroveci pneumonia and other infections 
according to standard of care in patients who are at 
increased risk for infections. Monitor and evaluate patients 
for fever or other signs and symptoms of infection and 
treat appropriately. 

Cytopenias 
Grade 3 or 4 cytopenias, including neutropenia (27%), 
thrombocytopenia (10%) and anemia (8%) based on 
laboratory measurements, were reported in patients 
treated with BRUKINSA monotherapy.
 

Monitor complete blood counts during treatment and treat 
using growth factor or transfusions, as needed.

Second Primary Malignancies 
Second primary malignancies, including non-skin 
carcinoma, have occurred in 9% of patients treated with 
BRUKINSA monotherapy. The most frequent second 
primary malignancy was skin cancer (basal cell carcinoma 
and squamous cell carcinoma of skin), reported in 6% of 
patients. Advise patients to use sun protection.

Cardiac Arrhythmias  
Atrial fibrillation and atrial flutter have occurred in  
2% of patients treated with BRUKINSA monotherapy. 
Patients with cardiac risk factors, hypertension, and  
acute infections may be at increased risk. Grade 3 or 
higher events were reported in 0.6% of patients treated 
with BRUKINSA monotherapy. Monitor signs and  
symptoms for atrial fibrillation and atrial flutter  
and manage as appropriate.

Embryo-Fetal Toxicity 
Based on findings in animals, BRUKINSA can cause fetal 
harm when administered to a pregnant woman. 

Administration of zanubrutinib to pregnant rats during the 
period of organogenesis caused embryo-fetal toxicity 
including malformations at exposures that were 5 times 
higher than those reported in patients at the recommended 
dose of 160 mg twice daily. Advise women to avoid becoming 
pregnant while taking BRUKINSA and for at least 1 week after 
the last dose. Advise men to avoid fathering a child during 
treatment and for at least 1 week after the last dose. 

If this drug is used during pregnancy, or if the patient 
becomes pregnant while taking this drug, the patient  
should be apprised of the potential hazard to a fetus.

ADVERSE REACTIONS
The most common adverse reactions in > 10% of patients  
who received BRUKINSA were decreased neutrophil count 
(53%), decreased platelet count (39%), upper respiratory  
tract infection (38%), decreased white blood cell count 
(30%), decreased hemoglobin (29%), rash (25%),  
bruising (23%), diarrhea (20%), cough (20%), 
musculoskeletal pain (19%), pneumonia (18%), urinary  
tract infection (13%), hematuria (12%), fatigue (11%), 
constipation (11%), and hemorrhage (10%).

Of the 118 patients with MCL treated with BRUKINSA, 8 (7%) 
patients discontinued treatment due to adverse reactions 
in the trials. The most frequent adverse reaction leading to 
treatment discontinuation was pneumonia (3.4%). One 
(0.8%) patient experienced an adverse reaction leading to 
dose reduction (hepatitis B).  

DRUG INTERACTIONS
CYP3A Inhibitors: When BRUKINSA is co-administered with a 
strong CYP3A inhibitor, reduce BRUKINSA dose to 80 mg once 
daily.  For coadministration with a moderate CYP3A inhibitor, 
reduce BRUKINSA dose to 80 mg twice daily.

CYP3A Inducers: Avoid coadministration with moderate or 
strong CYP3A inducers.

SPECIFIC POPULATIONS
Hepatic Impairment:  The recommended dose of  
BRUKINSA for patients with severe hepatic impairment is 
80 mg orally twice daily.

INDICATION
BRUKINSA is a kinase inhibitor indicated for the treatment 
of adult patients with mantle cell lymphoma (MCL) who 
have received at least one prior therapy.
This indication is approved under accelerated approval 
based on overall response rate. Continued approval for this 
indication may be contingent upon verification and 
description of clinical benefit in a confirmatory trial.

References: 1. BRUKINSA [package insert]. BeiGene, Ltd; 2019. 2. Tam C, 
Trotman J, Opat S, et al. Phase 1 study of the selective BTK inhibitor 
zanubrutinib in B-cell malignancies and safety and efficacy evaluation in  
CLL. Blood. 2019;134(11):851-859. 3. Data on file. BeiGene, Ltd. 2019.

Please see Brief Summary of full Prescribing Information  
on the following pages.

BRUKINSA and BeiGene are registered trademarks owned by BeiGene, Ltd. 
© BeiGene, Ltd. 2020 All Rights Reserved. 0320-BRU-PRC-012-r1 10/2020
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Selinexor, Bortezomib, and Dexamethasone  
Combination Proves Effective for Myeloma

by KYLE DOHERTY

SELINEXOR (XPOVIO), AN ORAL INHIBITOR of nuclear export, 

has gained an expanded role in the treatment landscape for adult patients with 

multiple myeloma (MM). In December 2020, the FDA approved the agent in 

combination with the proteasome inhibitor bortezomib (Velcade) and dexameth-

asone for patients with MM who have received at least 1 prior therapy.1 

    The first-in-class agent initially was approved in combination with dexameth-

asone for refractory MM after 4 prior therapies in 2019 and later added an 

indication for relapsed or refractory diffuse large B-cell lymphoma.  

The latest MM indication is based on findings from the phase 3 

BOSTON trial (NCT03110562), in which the combination improved 

progression-free survival (PFS) compared with the standard regimen 

of bortezomib plus low-dose dexamethasone.2 “The BOSTON study 

is the first study to assess the efficacy of once-weekly selinexor as 

part of a triplet therapy in patients with multiple myeloma who have 

had 1 to 3 prior therapies,” said Joseph Mikhael, MD, in an inter-

view with OncologyLive®. Mikhael is a professor in the Applied Cancer 

Research and Drug Discovery Division of the Translational Genomics 

Research Institute (TGen), an affiliate of City of Hope Cancer Center in 

Phoenix, Arizona.

Selinexor reversibly inhibits nuclear export of tumor suppressor proteins, 

growth regulators, and mRNAs of oncogenic proteins by blocking exportin 1 

(XPO1). XPO1 inhibition leads to the accumulation of tumor suppressor proteins, 

reductions in multiple oncoproteins, and apoptosis of cancer cells.3 “The 

combination of selinexor and dexamethasone and bortezomib demonstrates 

synergistic cytotoxic effects in multiple myeloma in vitro, and increased anti-

tumor activity in murine xenograft multiple myeloma models in vivo, including 

those resistant to proteosome inhibitors,” Mikhael explained.

In the BOSTON study, investigators randomly assigned 402 adult patients 

previously treated with 1 to 3 lines of therapy to receive the selinexor, borte-

zomib, plus dexamethasone (SVd) regimen (n = 195) or bortezomib plus 

dexamethasone (Vd; n = 207).2 Patients in the SVd arm received 100 mg of 

selinexor once weekly, 1.3 mg/m2 of bortezomib once weekly, and 20 mg of 

dexamethasone twice per week. In the Vd group, patients received 1.3 mg/m2 

of bortezomib twice per week for the first 24 weeks and once per week there-

after and 20 mg of dexamethasone 4 times per week for the first 24 weeks and 

twice per week thereafter. The primary end point was PFS and the secondary 

end point was overall response rate (ORR). The median follow-up duration was 

13.2 months for the SVd group and 16.5 months for the Vd group.2,3

“[In] the primary end point data, we can see that the SVd group demonstrated 

a sustained progression-free survival advantage over the twice-weekly Vd group 

with a 30% reduced risk of progression or death,” Mikhael said. Specifically, the 

SVd regimen had a median PFS of 13.9 months (95% CI, 11.7-not reached) vs  

9.5 months (95% CI, 7.6-10.8) for Vd (HR 0.70; 95% CI, 0.53-0.93; P = .0075).2

“[Further,] there was a consistent PFS benefit with SVd across multiple 

patient subgroups,” Mikhael added. “The risk of progression or death was 

noticeably lower in all subgroups including patients [aged] 65 years and older, 

those with high-risk cytogenetic abnormalities, and patients who received 1 

prior line of therapy.”

In 241 patients aged 65 years or older, treatment with selinexor reduced the 

risk of progression by 45% (HR, 0.55; 95% CI, 0.37-0.83). Patients with high-risk 

cytogenetic abnormalities were divided into 3 subgroups. The first combined all 

patients (n = 192) with either deletion (del)17p, translocation (t) 4;14, t(14;16), or 

1q21 microdeletions; selinexor demonstrated an HR of 0.67 (95% CI, 0.45-0.98). 

Patients with (del)17p derived the most benefit with a 62% reduction of risk of 

progression. Finally, 198 patients treated with 1 prior line of therapy had an HR 

of 0.63 favoring selinexor (95% CI, 0.41-0.96).2

The triplet also elicited an overall response rate of 76.4% (95% CI, 

69.8%-82.2%), compared with 62.3% (95% CI, 55.3%-68.9%) for Vd 

(P = .0012). In the selinexor group, 10% of patients had a stringent 

complete response (sCR), 7% had a complete response (CR), 28% had 

a very good partial response (VGPR), and 32% had a partial response 

(PR). In the Vd arm, 6% of patients had an sCR, 4% had a CR, 22% had a 

VGPR, and 30% had a PR.2

“Patients in the SVd group also experienced significantly higher 

rates of deep responses than the Vd arm with 16.9% of patients expe-

riencing a [CR plus sCR] and 44.6% of patients experiencing a VGPR 

[or better] as compared with 10.6% and 32.4% for CR [plus sCR] and VGPR [or 

better], respectively in the Vd group,” Mikhael said.1 

“The median time to response was shorter in patients who were given  

SVd, [and] The duration of response was longer in the SVd arm,” Mikhael  

added. The median time to response was 1.4 months in the SVd arm and  

1.6 months in the Vd arm; the median duration of response was 20.3 months 

and 12.9 months, respectively.

In terms of safety, peripheral neuropathy of grade 2 or above was less 

frequent in the SVd arm at 21% of patients compared with 34% in the Vd group 

(OR, 0.50; 95% CI, 0.32-0.79; P = .0013). The most frequent grade 3/4 adverse 

events were thrombocytopenia, occurring in 39% of the SVd group and 17% of 

the Vd group; fatigue (13% vs 1%, respectively); anemia (16% vs 10%); and pneu-

monia (11% for both SVd and Vd). Additionally, 24% of patients in the SVd arm 

died compared with 30% of patients in the Vd arm.

Permanent discontinuation of selinexor due to an adverse reaction occurred 

in 19% of patients, dosage interruptions occurred in 83%, and dose reductions 

occurred in 64%.

“Collectively, these findings suggest that SVd provides significantly higher PFS, 

overall response, and duration of response than Vd. Patients also experienced 

deeper and faster response than those not given selinexor,” Mikhael said. ■
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PIVOTAL CLINICAL TRIAL

The phase 3 BOSTON trial (NCT03110562), a 2-arm, randomized, active comparator- 
controlled, open-label, multicenter study enrolled 402 patients who had received 1 to 3 prior 
lines of therapy. Patients were randomized to receive either selinexor plus bortezomib plus 
low-dose dexamethasone (SVd) or bortezomib plus low-dose dexamethasone (Vd).

BASELINE PATIENT CHARACTERISTICS

Median age (years, range)

66
(40-87)

SVd (n = 195)

67
(38-90)

Vd (n = 207)

Weeks since end of last prior therapy (median)

48 weeks 42 weeks
SVd Vd

Number of prior therapies (%)

51%
33%

16%

48%
31%

21%

SVd (n = 195) Vd (n = 207)

■ 1 ■ 2 ■ 3

Type of known prior therapy (%)

SVd (n = 195) Vd (n = 207)

■ SVd ■ Vd

SVd, selinexor plus bortezomib plus low-dose dexamethasone;  
Vd, bortezomib plus low-dose dexamethasone.

R E F E R E N C E
Xpovio. Prescribing information. Karyopharm Therapeutics; 2020. Accessed 
January March 16, 2021. https://www.accessdata.fda.gov/drugsatfda_docs/
label/2020/212306s005lbl.pdf

WARNINGS AND PRECAUTIONS

• Thrombocytopenia
• Neutropenia
• Gastrointestinal toxicity
• Hyponatremia

• Serious infection
• Neurological toxicity
• Embryo-fetal toxicity
• Cataract

FDA approval—December 18, 2020
FDA grants approval for a new indication for selinexor (Xpovio) in combination with bortezo-
mib (Velcade) and dexamethasone for the treatment of adult patients with multiple myeloma 
who have received at least 1 prior treatment.

Mechanism of action: 
• Selinexor reversibly inhibits nuclear export 

of tumor suppressor proteins (TSPs), growth 
regulators, and mRNAs of oncogenic proteins by 
blocking exportin 1, leading to the accumulation 
of TSPs, reductions in multiple oncoproteins, 
and apoptosis of cancer cells. Selinexor in 
combination with bortezomib and dexameth-
asone showed synergistic cytotoxic effects in 
multiple myeloma in vitro, while also increasing 
antitumor activity in murine xenograft multiple 
myeloma models in vivo.

How supplied: 
• 20-mg tablets

Dosing: 
• 100 mg orally once weekly on day 1 of each week 

until disease progression or unacceptable toxicity 
in combination with:
 ◦ Bortezomib 1.3 mg/m2 administered  

subcutaneously once weekly on day 1 of each 
week for 4 weeks, followed by 1 week off

 ◦ Dexamethasone 20 mg taken orally twice 
weekly on days 1 and 2 

Company: Karyopharm Therapeutics

E F F I C AC Y  R E S U LT S  I N  T H E  P H A S E  3  B O S T O N  T R I A L

Outcome SVd (n = 195) Vd (n = 204)

Median PFS, months (95% CI) 13.9 (11.7-not reached) 9.5 (7.6-10.8)

HR 0.70 (95% CI, 0.53-0.93; P = .0075)

ORR (95% CI) 76.4% (69.8%-82.2%) 62.3% (55.3%-68.9%)

One-sided P value .0012

sCR 10% 6%

CR 7% 4%

VGPR 28% 22%

PR 32% 30%

≥ VGPR rate 44.6% (37.5%-51.9%) 32.4% (26.0%-39.2%)

One-sided P value 0.0082

CR, complete response; PFS, progression-free survival; PR, partial response; sCR, stringent complete response;  
SVd, selinexor plus bortezomib plus low-dose dexamethasone; Vd, bortezomib plus low-dose dexamethasone;  
VGPR, very good partial response.

C O M M O N LY  R E P O R T E D  A DV E R S E  E V E N T S  I N  B O S T O N  P H A S E  3  T R I A L

Adverse event SVd (n = 195) Vd (n = 204)

All grades Grade 3 or 4 All grades Grade 3 or 4 

Diarrhea 32% 6% 25% < 1%

Nausea 50% 8% 10% 0%

Fatigue 59% 28% 21% 5%

Vomiting 21% 4.1% 4.4% 0%

Pyrexia 15% 1.5% 11% 1%

Appetite decrease 35% 3.6% 5% 0%

Weight decrease 26% 2.1% 12% 1%
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 TOP TWEETS

@OncLive
New Approvals and Real-World 
Data Complicate Treatment 
Selection in Large B-Cell 
Lymphoma @lymphomaphilia  
@NebraskaMed #lymsm

bit.ly/3lAoqzx 

@OncLive
Cilta-Cel Demonstrates Durable 
Responses in Relapsed/ 
Refractory Multiple Myeloma 
@TheEBMT #EBMT21 @DMadduri 
@MountSinaiNYC #mmsm

bit.ly/3vCkRNS 

@OncLive
Bradley J. Monk, MD, FACS, 
FACOG, @ArizonaOncology; 
Kathleen N. Moore, MD, 
@UofOklahoma; @omalleygynonc, 
MD, @OhioState; @GynCancerMD, 
MD, @FIU; and Krishnansu S. 
Tewari, MD, @UCIrvine, discuss the 
safety of combinations in recurrent 
endometrial cancer. 

bit.ly/3qZwnPN 

@OncLive
Mei Wei, MD, of @UUtah provides 
perspective on pivotal trial data 
in HER2-positive breast cancer. 
#bcsm  

bit.ly/3cDESLa 

@OncLive
The genomic revolution and the big 
data revolution have already begun 
but will make real strides affecting 
treatment for patients with cancer, 
especially as the cost of genomic 
sequencing continues to drop and 
technology improves.  
@GeorgeSledge51 @StanfordMed 

bit.ly/3s5vYg5

 MORE ONLINE twitter.com/OncLive

SANTOS SPOTLIGHTS SUCCESS WITH CHECKPOINT INHIBITION  
IN FRONTLINE METASTATIC NSCLC
Immunotherapy has yielded impressive survival benefits when used as a frontline treatment 
for patients with non–small cell lung cancer (NSCLC); however, with its increasing up-front 
use, the issue of resistance to checkpoint inhibition has become more pronounced, according 
to Edgardo Santos, MD, a clinical affiliate associate professor at Florida Atlantic University in 
Boca Raton.

 “For patients who fail immunotherapy up front, it is very difficult for them to switch to a 
regular cytotoxic drug. As such, we are focusing right now on trying to overcome resistance to 

immunotherapy,” Santos said in an interview with OncLive®.
 READ MORE:   bit . ly/3s6RW2c

EDGARDO  
SANTOS, MD

 SPOTLIGHT

FDA APPROVAL INSIGHTS
TRASTUZUMAB DERUXTECAN IN 
HER2+ METASTATIC GASTRIC/
GEJ CANCER

Kohei Shitara, MD, chief of the Department 
of Gastrointestinal Oncology at the National 
Cancer Center Hospital East in Kashiwa, Japan, 
discusses the significance of the January 2021 
FDA approval of fam-trastuzumab deruxtecan-nxki 
(Enhertu) in HER2-positive metastatic gastric/
gastroesophageal junction (GEJ) cancer and 
outlines key efficacy and safety data reported with 
the agent.

 LISTEN: bit. ly/2NxGC0c 

ONCLIVE ON AIR™
MONK AND HERZOG  
HAMMER OUT PARP NUANCES 
IN OVARIAN CANCER 

Bradley J. Monk, MD, medical director of 
Gynecologic Oncology Research at The US 
Oncology Network and professor at the University 
of Arizona College of Medicine—Phoenix, and 
Thomas Herzog, MD, a professor of obstetrics and 
gynecology and deputy director at University of 
Cincinnati Cancer Institute in Ohio, discuss the use 
of PARP Inhibitors in patients with BRCA-positive 
ovarian cancer.

 LISTEN: bit. ly/3bZlR74

ONCLIVE ON AIR™
NICHOLS ON NAVIGATING  
THE NUANCES OF VON  
HIPPEL–LINDAU DISEASE

Kim E. Nichols, MD, of St Jude Children’s Research 
Hospital, in Memphis, Tennessee, talks about the 
prognosis, treatment, and ongoing research efforts 
in treating von Hippel–Lindau disease, a rare, 
inherited disorder that causes tumors and cysts 
to grow in many areas of the body, including the 
brain, spinal cord, eyes, inner ear, adrenal glands, 
pancreas, kidney, and reproductive tract.

 LISTEN:  bit. ly/3tDf7BA

 ONCLIVE ONAIR™  PODCAST SPOTLIGHT

INTERACTIVE NEWS
A selection of exclusive articles and videos available  
on OncLive.com and other MJH Life Sciences™ websites.

W W W . O N C L I V E . C O M    F A C E B O O K / O N C L I V E    @ O N C L I V E

ONCLIVE ON AIR™
SPIRA SPOTLIGHTS SOTORASIB, 
TARGETING KRAS MUTATIONS  
IN NSCLC

Alexander Spira, MD, PhD, FACP, a medical 
oncologist and director of the Virginia Cancer 
Specialists Research Institute in Fairfax, Virginia, 
discusses the significance of data presented during 
the International Association for the Study of Lung 
Cancer 2020 World Conference on Lung Cancer 
about sotorasib in KRAS G12C–mutant solid tumors, 
including non–small cell lung cancer (NSCLC).

 LISTEN: bit. ly/38TNwEs 
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 NOTABLE QUOTABLES

ATKINS ON THE FDA APPROVAL 
OF TIVOZANIB IN RELAPSED/
REFRACTORY ADVANCED RCC
Michael B. Atkins, MD, deputy director 
of the Georgetown Lombardi Compre-
hensive Cancer Center in Washington, 
DC, discusses the March 2021 FDA 

approval of tivozanib (Fotivda) in relapsed/refractory 
advanced renal cell carcinoma (RCC). Although tivozanib 
may not be the most efficacious drug among other VEGF 
tyrosine kinase inhibitors (TKIs), the agent has a good ther-
apeutic index and is highly selective, Atkins says. As such, 
it is likely one of the most tolerable VEGF TKIs and efficacy 
may not play as significant a role in the utility of tivozanib, 
which could be selected for patients who want a tolerable 
therapy and good quality of life, he explains.

 WATCH: bit. ly/3bZ16Iq 

CHI UNPACKS FINAL ANALYSIS 
DATA FROM THE PHASE 3  
TITAN STUDY
A final analysis of the phase 3 TITAN 
study (NCT02489318) demonstrated 
the efficacy of apalutamide (Erleada) 
vs placebo in patients with  

metastatic castration-sensitive prostate cancer  
receiving androgen-deprivation therapy. Kim N. Chi, MD, a 
medical oncologist and the chief medical officer and vice 
president of BC Cancer in Vancouver, British Columbia, 
discusses the outcomes of the trial, which showed that 
apalutamide plus androgen-deprivation therapy consis-
tently improved overall survival and had an acceptable 
safety profile.

 WATCH: bit. ly/3vB6AB4 

TILL ON THE DURABILITY OF RESPONSE WITH BREXUCABTAGENE AUTOLEUCEL IN MCL
Without long-term data, the durability of responses in patients with mantle cell lymphoma (MCL) 
treated using the chimeric antigen receptor (CAR) T-cell product brexucabtagene autoleucel (Tecar-
tus) remains largely unknown, says Brian Till, MD, associate professor at the University of Wash-
ington School of Medicine and the Fred Hutchinson Cancer Research Center, both in Seattle. Till 
examines findings from the phase 2 ZUMA-2 trial (NCT02601313), which led to the FDA approval 
of brexucabtagene autoleucel for the treatment of patients with relapsed/refractory MCL in July 

2020. He discusses whether the survival curve will plateau and other unanswered clinical questions.

 WATCH: bit. ly/3tvqVWH 

 ONCLIVE® VIDEOS

 JOURNAL SPOTLIGHT

We need head-to-head 

comparisons of all these 

different technologies [that are 

available for minimal residual 

disease testing]. Is one better 

than another? That has to be 

done in the context of not just 

[determining which is] 

technically better as far as 

sensitivity goes, but whether it 

actually predicts what we want 

better than what’s out there.”
—Jerald Radich,  MD

University of Washington School of Medicine 
Seattle, Washington 

 READ MORE: bit. ly/3lxiXcJ

[Male breast cancer is] 

too rare; it’s too uncommon. 

Therefore, we have to 

extrapolate [what we’ve 

learned] from trials in  

female breast cancer. The 

good news is that it works.  

Tamoxifen, our ‘workhorse’  

selective estrogen-receptor 

downregulator works just  

as well in men as it does 

 in women.” 
—Patrick I .  Borgen,  MD 

Maimonides Medical Center 
Brooklyn, New York

 READ MORE: bit. ly/3eThqfZ 

For breaking news, interviews with key opinion 
leaders, conference coverage, and more, follow us 

on Twitter, @OncLive, or use your smartphone to 
scan this QR code.

TELEMEDICINE FOR CANCER CARE: IMPLEMENTATION ACROSS  
A MULTICENTER COMMUNITY ONCOLOGY PRACTICE 
A review published in the American Journal of Managed Care®: Evidence Based  
Oncology™ highlights data surrounding onboarding and utilization of telemedicine across 
large, statewide community oncology practices and evaluates trends, barriers, and oppor-
tunities in care delivery during the coronavirus disease 2019 pandemic. Ninety-six percent 
of respondents (n = 650) included in the analysis indicated they are using telemedicine, 
33% of whom also report using the technology for more than 25% of their patient inter-
actions. Further, 59% of respondents reported that the use of telemedicine has helped 
expedite diagnosis and treatment.

 READ MORE:  Am J Manag Care. 2020;26(10):SP330. doi:10.37765/ajmc.2020.88560

IN THE UNITED STATES, employers are the top source of health 
insurance, accounting for nearly half (49.6%) of the coverage in 
2019, according to the Kaiser Family Foundation.1 As job-based 
health care costs have climbed more than 50% over the past decade,2

it makes sense that employers are scrutinizing these costs. But 
employers are doing more than just looking at the spending: They 
want to know their health care dollars are being spent in ways that 
make a diff erence for employees.

Among the conditions covered by employer-funded insurance, 
cancer stands out. Today’s treatment options can exceed $1 million 
per patient if successive therapies are used, and cancer accounts for 
12% of employer medical spending and 12% of time away from work.3

Leaders from City of Hope, a National Cancer Institute–designated 
research and treatment center in Duarte, California, say employers 
tell them that beyond these costs, a cancer diagnosis can have ripple 
eff ects across a team; thus, the quality of care aff ects more than just 
the patient. Last fall, City of Hope responded to employers’ desire to 
deliver better cancer care by creating AccessHope, a wholly owned 
subsidiary. City of Hope has invested $40 million in AccessHope’s 
program of cancer support, designed to connect  expertise from 
National Cancer Institute–designated centers with patients and their 
local oncologists—in their own communities.4

INTERVIEW

Reimagining Cancer Care 
Delivery—and Serving Employers—
Through AccessHope
Mary Caffrey

EMPLOYERS AND 
CANCER TESTING

 Novel Multicancer Early 
Detection Technology—
Potential Value to Employers 
and the Workforce
Joshua J. Ofman, MD, MSHS; Azra Raza, MD; 
and A. Mark Fendrick, MD

CANCER IS SOON TO BECOME the world’s leading 
killer. Despite signifi cant advances in therapeutics 
and guideline-recommended tests that screen for 5 
cancer types—a single cancer at a time—cancer kills 
nearly 1700 of our loved ones every day in the United 
States.1 The fact remains that even today, the majority 
of cancers still lack screening tests and are therefore 
detected too late and often not impacted by available 
therapies, leading to poor patient outcomes. 

COMMENTARY

Employers: Innovators and 
Partners in the Delivery of 
More Effective and Equitable 
Cancer Care
Joseph Alvarnas, MD, and Harlan Levine, MD

THE HUMAN IMPACT OF CANCER is staggering. The 
American Cancer Society (ACS) estimates that in 
2019, 1,762,450 individuals received a diagnosis of 
cancer, with the number of cancer deaths projected 
to exceed 606,000.1 The good news for patients and 
families, however, is that we are living in the midst 
of a period of extraordinary innovation in oncology.2

More importantly, the pace of integration of new 
diagnostic, risk stratifi cation, and therapeutic 
knowledge is translating into improved survival 
outcomes. A 2020 ACS report found that the “death 
rate from cancer in the US declined by 29% from 
1991 to 2017, including a 2.2% drop from 2016 to 
2017, the largest single-year drop ever recorded.”3

A L S O  I N  T H I S  I S S U E

RESILIENCE OF 
COMMUNITY 
ONCOLOGISTS.
The management 
of unexpected 
operational and 
fi nancial pressures faced by community 
oncologists throughout the pandemic speaks 
to their adaptability and dedication to 
quality care delivery, SP333.

THE PRICE OF DEFERRED CARE.
The pandemic caused a signifi cant drop 
in health care utilization, and experts see 
possible spikes in employer health care costs 
on the horizon as a result, SP341.

PAYMENT REFORM 
CONTINUES. The Community 
Oncology Alliance (COA) Payer 
Exchange Summit took place 
in a virtual format, bringing 

stakeholders in cancer care together to 
discuss current issues in oncology care 
reform, SP342.

TREATING COMPLEX 
DISEASE. Sessions at 
the 2020 AMCP Specialty 
Connect Virtual Meeting 
fostered discussions around resource use and 
costs in HER2+ breast cancer, triple-negative 
breast cancer, β thalassemia, and advanced 
hepatocellular carcinoma, SP370.

IS TELEMEDICINE HERE TO STAY?
Practices across the country were quick to 
adopt telemedicine early in the pandemic. 
Experts from Texas Oncology highlight the 
benefi ts of virtual care in a public health 
emergency and beyond, SP330.

SP330
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ONCOLOGISTS.

GORDAN WEIDNER

fostered discussions around resource use and 

stakeholders in cancer care together to 

City of Hope has created AccessHope, a wholly owned subsidiary designed 
to serve employers and their health care partners. The program connects 
patients and local physicians with City of Hope’s cancer experts, eliminating 
the need for patients to travel.
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IMPORTANT SAFETY INFORMATION (cont’d)
Most common adverse reactions (≥10%) and laboratory abnormalities (≥15%) in patients receiving ORGOVYX were hot fl ush 
(54%), glucose increased (44%), triglycerides increased (35%), musculoskeletal pain (30%), hemoglobin decreased (28%), 
alanine aminotransferase increased (27%), fatigue (26%), aspartate aminotransferase increased (18%), constipation (12%), 
and diarrhea (12%). 
Drug Interactions
Co-administration of ORGOVYX with a P-gp inhibitor increases the area under the curve (AUC) and maximum concentration 
(Cmax) of ORGOVYX, which may increase the risk of adverse reactions associated with ORGOVYX. Avoid co-administration 
of ORGOVYX with oral P-gp inhibitors. If co-administration is unavoidable, take ORGOVYX fi rst, separate dosing by at least 
6 hours, and monitor patients more frequently for adverse reactions. Treatment with ORGOVYX may be interrupted for up to 
2 weeks for a short course of treatment with certain P-gp inhibitors. If treatment with ORGOVYX is interrupted for more than 
7 days, resume administration of ORGOVYX with a 360 mg loading dose on the fi rst day, followed by 120 mg once daily. 

Co-administration of ORGOVYX with a combined P-gp and strong CYP3A inducer decreases the AUC and Cmax of ORGOVYX, 
which may reduce the effects of ORGOVYX. Avoid co-administration of ORGOVYX with combined P-gp and strong CYP3A 
inducers. If co-administration is unavoidable, increase the ORGOVYX dose to 240 mg once daily. After discontinuation of the 
combined P-gp and strong CYP3A inducer, resume the recommended ORGOVYX dose of 120 mg once daily.  

Please see Brief Summary of Prescribing Information for ORGOVYX on adjacent pages.

INDICATION
ORGOVYX is a gonadotropin-releasing hormone (GnRH) receptor antagonist indicated for the treatment of adult patients 
with advanced prostate cancer. 

IMPORTANT SAFETY INFORMATION
Warnings and Precautions
QT/QTc Interval Prolongation: Androgen deprivation therapy, such as ORGOVYX may prolong the QT/QTc interval. Providers 
should consider whether the benefi ts of androgen deprivation therapy outweigh the potential risks in patients with congenital 
long QT syndrome, congestive heart failure, or frequent electrolyte abnormalities and in patients taking drugs known to prolong 
the QT interval. Electrolyte abnormalities should be corrected. Consider periodic monitoring of electrocardiograms 
and electrolytes.

Embryo-Fetal Toxicity: The safety and effi cacy of ORGOVYX have not been established in females. Based on fi ndings in 
animals and mechanism of action, ORGOVYX can cause fetal harm and loss of pregnancy when administered to a pregnant 
female. Advise males with female partners of reproductive potential to use effective contraception during treatment and for 
2 weeks after the last dose of ORGOVYX

Laboratory Testing: Therapy with ORGOVYX results in suppression of the pituitary gonadal system. Results of diagnostic tests 
of the pituitary gonadotropic and gonadal functions conducted during and after ORGOVYX may be affected. The therapeutic 
effect of ORGOVYX should be monitored by measuring serum concentrations of prostate-specifi c antigen (PSA) periodically. 
If PSA increases, serum concentrations of testosterone should be measured.

Adverse Reactions
Serious adverse reactions occurred in 12% of patients receiving ORGOVYX. Serious adverse reactions in ≥0.5% of patients 
included myocardial infarction (0.8%), acute kidney injury (0.6%), arrhythmia (0.6%), hemorrhage (0.6%), and urinary tract 
infection (0.5%). Fatal adverse reactions occurred in 0.8% of patients receiving ORGOVYX including metastatic lung cancer 
(0.3%), myocardial infarction (0.3%), and acute kidney injury (0.2%). Fatal and non-fatal myocardial infarction and stroke 
were reported in 2.7% of patients receiving ORGOVYX.

MAJOR EFFICACY OUTCOME MEASURE: SUSTAINED TESTOSTERONE SUPPRESSION RATE (TESTOSTERONE LEVELS 
<50 ng/dL FROM DAY 29 THROUGH WEEK 48)1

• 97% of men achieved and maintained testosterone suppression to <50 ng/dL from Day 29 through Week 48 with ORGOVYX

ORGOVYX achieved sustained testosterone suppression1 ORGOVYX offers a new option for testosterone control1-3

•  RAPID TESTOSTERONE SUPPRESSION WITHOUT A SURGE: 56% of men treated with 
 ORGOVYX achieved testosterone suppression to <50 ng/dL on Day 4¶

 — 0% of men treated with leuprolide had testosterone levels <50 ng/dL on Day 4

•  PROFOUND TESTOSTERONE SUPPRESSION: 95% of men treated with ORGOVYX achieved profound testosterone 
suppression to <20 ng/dL on Day 29¶

 — 57% of men treated with leuprolide had testosterone levels <20 ng/dL on Day 29

•  90-DAY TESTOSTERONE RECOVERY: in a substudy, 55% of the 137 men treated with ORGOVYX  had their testosterone return 
to above the lower limit of the normal range (>280 ng/dL) or baseline values 90 days after treatment discontinuation¶#

 — 3% of 47 men treated with leuprolide had their testosterone return to above the lower limit of the normal range   
  (>280 ng/dL) or baseline values 90 days after discontinuation

Bottle and pill not shown at 
actual size. Actual pill size: 

10.7 mm x 7.5 mm x 5.2 mm.3

Leuprolide
(n=308)II

ORGOVYX
(n=622)II
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Introducing ORGOVYX, the only once-a-day*
oral androgen deprivation therapy for
advanced prostate cancer1,2

*One pill, once a day, after initial loading dose of 3 pills.

References: 1. ORGOVYX (relugolix) [prescribing information]. Brisbane, CA: Myovant Sciences, Inc.; 2020.                                    
2. Shore ND, Saad F, Cookson MS, et al. Oral relugolix for androgen-deprivation therapy in advanced prostate cancer. 
N Engl J Med. 2020;382(23):2187-2196. 3. Data on fi le. Myovant Sciences, Inc.

¶Kaplan-Meier estimates within each group.
#This endpoint was analyzed for exploratory purposes without formal testing. The data from the leuprolide arm were
  not included in the US Prescribing Information for ORGOVYX.

Visit orgovyxhcp.com
THINK ORAL ORGOVYX WHEN 
PRESCRIBING ANDROGEN DEPRIVATION 
THERAPY FOR YOUR PATIENTS

Results from the HERO study, a multinational, 
randomized, open-label, phase 3 trial in 934 men with 
advanced prostate cancer. Patients were randomized 
2:1 to receive ORGOVYX (360 mg on the fi rst day 
followed by daily doses of 120 mg orally [n=624]) or 
leuprolide acetate (22.5 mg injection [or  11.25 mg‡ in 
Japan and Taiwan per local guidelines] subcutaneously 
every 3 months [n=310]) for 48 weeks.1,2

CI=confi dence interval.
† Kaplan-Meier estimates within each group.
‡     11.25 mg is a dosage regimen that is not   
   recommended for this indication in the 
United States. 

§ The testosterone suppression rate of the 
  subgroup of patients receiving 22.5 mg leuprolide 
  (n=264) was 88.0% (95% CI: 83.4%, 91.4%).
II  Two patients in each arm did not receive the study
treatment and were not included.

treated with 

Bottle and pill not shown at 
actual size. Actual pill size: 

10.7 mm x 7.5 mm x 5.2 mm.3

Introducing ORGOVYX, the only once-a-day*

ORGOVYXTM and its associated logo are trademarks of Myovant Sciences GmbH. 
©2021 Myovant Sciences GmbH and Pfi zer Inc. All rights reserved. PP-US-REL-2000171 02/21
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IMPORTANT SAFETY INFORMATION (cont’d)
Most common adverse reactions (≥10%) and laboratory abnormalities (≥15%) in patients receiving ORGOVYX were hot fl ush 
(54%), glucose increased (44%), triglycerides increased (35%), musculoskeletal pain (30%), hemoglobin decreased (28%), 
alanine aminotransferase increased (27%), fatigue (26%), aspartate aminotransferase increased (18%), constipation (12%), 
and diarrhea (12%). 
Drug Interactions
Co-administration of ORGOVYX with a P-gp inhibitor increases the area under the curve (AUC) and maximum concentration 
(Cmax) of ORGOVYX, which may increase the risk of adverse reactions associated with ORGOVYX. Avoid co-administration 
of ORGOVYX with oral P-gp inhibitors. If co-administration is unavoidable, take ORGOVYX fi rst, separate dosing by at least 
6 hours, and monitor patients more frequently for adverse reactions. Treatment with ORGOVYX may be interrupted for up to 
2 weeks for a short course of treatment with certain P-gp inhibitors. If treatment with ORGOVYX is interrupted for more than 
7 days, resume administration of ORGOVYX with a 360 mg loading dose on the fi rst day, followed by 120 mg once daily. 

Co-administration of ORGOVYX with a combined P-gp and strong CYP3A inducer decreases the AUC and Cmax of ORGOVYX, 
which may reduce the effects of ORGOVYX. Avoid co-administration of ORGOVYX with combined P-gp and strong CYP3A 
inducers. If co-administration is unavoidable, increase the ORGOVYX dose to 240 mg once daily. After discontinuation of the 
combined P-gp and strong CYP3A inducer, resume the recommended ORGOVYX dose of 120 mg once daily.  

Please see Brief Summary of Prescribing Information for ORGOVYX on adjacent pages.

INDICATION
ORGOVYX is a gonadotropin-releasing hormone (GnRH) receptor antagonist indicated for the treatment of adult patients 
with advanced prostate cancer. 

IMPORTANT SAFETY INFORMATION
Warnings and Precautions
QT/QTc Interval Prolongation: Androgen deprivation therapy, such as ORGOVYX may prolong the QT/QTc interval. Providers 
should consider whether the benefi ts of androgen deprivation therapy outweigh the potential risks in patients with congenital 
long QT syndrome, congestive heart failure, or frequent electrolyte abnormalities and in patients taking drugs known to prolong 
the QT interval. Electrolyte abnormalities should be corrected. Consider periodic monitoring of electrocardiograms 
and electrolytes.

Embryo-Fetal Toxicity: The safety and effi cacy of ORGOVYX have not been established in females. Based on fi ndings in 
animals and mechanism of action, ORGOVYX can cause fetal harm and loss of pregnancy when administered to a pregnant 
female. Advise males with female partners of reproductive potential to use effective contraception during treatment and for 
2 weeks after the last dose of ORGOVYX

Laboratory Testing: Therapy with ORGOVYX results in suppression of the pituitary gonadal system. Results of diagnostic tests 
of the pituitary gonadotropic and gonadal functions conducted during and after ORGOVYX may be affected. The therapeutic 
effect of ORGOVYX should be monitored by measuring serum concentrations of prostate-specifi c antigen (PSA) periodically. 
If PSA increases, serum concentrations of testosterone should be measured.

Adverse Reactions
Serious adverse reactions occurred in 12% of patients receiving ORGOVYX. Serious adverse reactions in ≥0.5% of patients 
included myocardial infarction (0.8%), acute kidney injury (0.6%), arrhythmia (0.6%), hemorrhage (0.6%), and urinary tract 
infection (0.5%). Fatal adverse reactions occurred in 0.8% of patients receiving ORGOVYX including metastatic lung cancer 
(0.3%), myocardial infarction (0.3%), and acute kidney injury (0.2%). Fatal and non-fatal myocardial infarction and stroke 
were reported in 2.7% of patients receiving ORGOVYX.

MAJOR EFFICACY OUTCOME MEASURE: SUSTAINED TESTOSTERONE SUPPRESSION RATE (TESTOSTERONE LEVELS 
<50 ng/dL FROM DAY 29 THROUGH WEEK 48)1

• 97% of men achieved and maintained testosterone suppression to <50 ng/dL from Day 29 through Week 48 with ORGOVYX

ORGOVYX achieved sustained testosterone suppression1 ORGOVYX offers a new option for testosterone control1-3

•  RAPID TESTOSTERONE SUPPRESSION WITHOUT A SURGE: 56% of men treated with 
 ORGOVYX achieved testosterone suppression to <50 ng/dL on Day 4¶

 — 0% of men treated with leuprolide had testosterone levels <50 ng/dL on Day 4

•  PROFOUND TESTOSTERONE SUPPRESSION: 95% of men treated with ORGOVYX achieved profound testosterone 
suppression to <20 ng/dL on Day 29¶

 — 57% of men treated with leuprolide had testosterone levels <20 ng/dL on Day 29

•  90-DAY TESTOSTERONE RECOVERY: in a substudy, 55% of the 137 men treated with ORGOVYX  had their testosterone return 
to above the lower limit of the normal range (>280 ng/dL) or baseline values 90 days after treatment discontinuation¶#

 — 3% of 47 men treated with leuprolide had their testosterone return to above the lower limit of the normal range   
  (>280 ng/dL) or baseline values 90 days after discontinuation
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Introducing ORGOVYX, the only once-a-day*
oral androgen deprivation therapy for
advanced prostate cancer1,2

*One pill, once a day, after initial loading dose of 3 pills.

References: 1. ORGOVYX (relugolix) [prescribing information]. Brisbane, CA: Myovant Sciences, Inc.; 2020.                                    
2. Shore ND, Saad F, Cookson MS, et al. Oral relugolix for androgen-deprivation therapy in advanced prostate cancer. 
N Engl J Med. 2020;382(23):2187-2196. 3. Data on fi le. Myovant Sciences, Inc.

¶Kaplan-Meier estimates within each group.
#This endpoint was analyzed for exploratory purposes without formal testing. The data from the leuprolide arm were
  not included in the US Prescribing Information for ORGOVYX.

Visit orgovyxhcp.com
THINK ORAL ORGOVYX WHEN 
PRESCRIBING ANDROGEN DEPRIVATION 
THERAPY FOR YOUR PATIENTS

Results from the HERO study, a multinational, 
randomized, open-label, phase 3 trial in 934 men with 
advanced prostate cancer. Patients were randomized 
2:1 to receive ORGOVYX (360 mg on the fi rst day 
followed by daily doses of 120 mg orally [n=624]) or 
leuprolide acetate (22.5 mg injection [or  11.25 mg‡ in 
Japan and Taiwan per local guidelines] subcutaneously 
every 3 months [n=310]) for 48 weeks.1,2

CI=confi dence interval.
† Kaplan-Meier estimates within each group.
‡     11.25 mg is a dosage regimen that is not   
   recommended for this indication in the 
United States. 

§ The testosterone suppression rate of the 
  subgroup of patients receiving 22.5 mg leuprolide 
  (n=264) was 88.0% (95% CI: 83.4%, 91.4%).
II  Two patients in each arm did not receive the study
treatment and were not included.
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BRIEF SUMMARY

ORGOVYXTM (relugolix) tablets, for oral use

The following is a brief summary of the full prescribing information for ORGOVYXTM (relugolix).  

Please see the full prescribing information for complete product information.

1 INDICATIONS AND USAGE

ORGOVYX is indicated for the treatment of adult patients with advanced prostate cancer.

4 CONTRAINDICATIONS

None.

5 WARNINGS AND PRECAUTIONS

5.1 QT/QTc Interval Prolongation

Androgen deprivation therapy, such as ORGOVYX may prolong the QT/QTc interval. Providers should 
consider whether the benefits of androgen deprivation therapy outweigh the potential risks in patients 
with congenital long QT syndrome, congestive heart failure, or frequent electrolyte abnormalities and 
in patients taking drugs known to prolong the QT interval. Electrolyte abnormalities should  
be corrected. Consider periodic monitoring of electrocardiograms and electrolytes. 

5.2 Embryo-Fetal Toxicity

The safety and efficacy of ORGOVYX have not been established in females. Based on findings 
in animals and mechanism of action, ORGOVYX can cause fetal harm and loss of pregnancy 
when administered to a pregnant female. In an animal reproduction study, oral administration of 
relugolix to pregnant rabbits during the period of organogenesis caused embryo-fetal lethality at 
maternal exposures that were 0.3 times the human exposure at the recommended dose of  
120 mg daily based on area under the curve (AUC). Advise males with female partners of 
reproductive potential to use effective contraception during treatment and for 2 weeks after the 
last dose of ORGOVYX. 

5.3 Laboratory Testing

Therapy with ORGOVYX results in suppression of the pituitary gonadal system. Results of diagnostic 
tests of the pituitary gonadotropic and gonadal functions conducted during and after ORGOVYX 
may be affected. The therapeutic effect of ORGOVYX should be monitored by measuring serum 
concentrations of prostate specific antigen (PSA) periodically. If PSA increases, serum concentrations 
of testosterone should be measured.

6 ADVERSE REACTIONS

The following clinically significant adverse reactions are described elsewhere in the labeling:

 •  QT/QTc Interval Prolongation.

6.1 Clinical Trials Experience

Because clinical trials are conducted under widely varying conditions, adverse reaction rates 
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical trials of 
another drug and may not reflect the rates observed in practice.

The safety of ORGOVYX was evaluated in HERO, a randomized (2:1), open-label, clinical study in 
patients with advanced prostate cancer. Patients received orally administered ORGOVYX as a loading 
dose of 360 mg on the first day followed by 120 mg taken orally once daily (n = 622) or received 
leuprolide acetate administered by depot injection at doses of 22.5 mg (n = 264) or 11.25 mg 
(n = 44) per local guidelines every 12 weeks (n = 308). Leuprolide acetate 11.25 mg is a dosage 
regimen that is not recommended for this indication in the US. Among patients who received ORGOVYX, 
91% were exposed for at least 48 weeks. Ninety-nine (16%) patients received concomitant 
radiotherapy and 17 (3%) patients received concomitant enzalutamide with ORGOVYX. 

Serious adverse reactions occurred in 12% of patients receiving ORGOVYX. Serious adverse reactions 
in ≥ 0.5% of patients included myocardial infarction (0.8%), acute kidney injury (0.6%), arrhythmia 
(0.6%), hemorrhage (0.6%), and urinary tract infection (0.5%). Fatal adverse reactions occurred in 
0.8% of patients receiving ORGOVYX including metastatic lung cancer (0.3%), myocardial infarction 
(0.3%), and acute kidney injury (0.2%). Fatal and non-fatal myocardial infarction and stroke were 
reported in 2.7% of patients receiving ORGOVYX.

Permanent discontinuation of ORGOVYX due to an adverse reaction occurred in 3.5% of patients. 
Adverse reactions which resulted in permanent discontinuation of ORGOVYX in ≥ 0.3 % of patients 
included atrioventricular block (0.3%), cardiac failure (0.3%), hemorrhage (0.3%), increased 
transaminases (0.3%), abdominal pain (0.3%), and pneumonia (0.3%). 

Dosage interruptions of ORGOVYX due to an adverse reaction occurred in 2.7% of patients. Adverse 
reactions which required dosage interruption in ≥ 0.3% of patients included fracture (0.3%).

The most common adverse reactions ( ≥ 10%) and laboratory abnormalities (≥ 15%), were hot 
flush (54%), glucose increased (44%), triglycerides increased (35%), musculoskeletal pain (30%), 
hemoglobin decreased (28%), alanine aminotransferase increased (ALT) (27%), fatigue (26%), 
aspartate aminotransferase increased (AST) (18%), constipation (12%), and diarrhea (12%). 

Table 1 summarizes the adverse reactions in HERO.

Table 1:  Adverse Reactions ( ≥ 10%) of Patients with Advanced Prostate Cancer Who 
Received ORGOVYX in HERO

Adverse Reaction

ORGOVYX 
N = 622

Leuprolide Acetate
N = 308

All Grades
(%)

Grade 3-4 
(%) 

All Grades
(%)

Grade 3-4 
(%)

Vascular disorders

Hot flush 54 0.6 52 0

Musculoskeletal and connective 
tissue disorders

Musculoskeletal paina 30 1.1 29 1.6

General

Fatigueb 26 0.3 24 0

Gastrointestinal disorders

Diarrheac 12 0.2 7 0

Constipation 12 0 10 0

a  Includes arthralgia, back pain, pain in extremity, musculoskeletal pain, myalgia, bone pain, neck pain, arthritis, muculoskeletal 
stiffness, non-cardiac chest pain, musculoskeletal chest pain, spinal pain, and musculoskeletal discomfort.

b Includes fatigue and asthenia.
c Includes diarrhea and colitis.

Clinically relevant adverse reactions in < 10% of patients who received ORGOVYX included increased 
weight, insomnia, gynecomastia, hyperhidrosis, depression, and decreased libido. 

Table 2 summarizes the laboratory abnormalities in HERO.  

Table 2:  Select Laboratory Abnormalities ( ≥ 15%) That Worsened from Baseline in 
Patients with Advanced Prostate Cancer Who Received ORGOVYX in HERO

Laboratory Test

ORGOVYXa Leuprolide Acetatea

All Grades
(%)

Grade 3-4 
(%) 

All Grades
(%)

Grade 3-4 
(%)

Chemistry

Glucose increased 44 2.9 54 6

Triglycerides increased 35 2 36 0.7

ALT increased 27 0.3 28 0

AST increased 18 0 19 0.3

Hematology

Hemoglobin decreased 28 0.5 29 0.7

a  The denominator used to calculate the rate varied from 611 to 619 in the ORGOVYX arm and from 301 to 306 in the leuprolide 
arm based on the number of patients with a baseline value and at least one post-treatment value.

7 DRUG INTERACTIONS

7.1 Effect of Other Drugs on ORGOVYX

P-gp Inhibitors 
Co-administration of ORGOVYX with a P-gp inhibitor increases the AUC and the maximum 
concentration (Cmax) of relugolix, which may increase the risk of adverse reactions associated with 
ORGOVYX. Avoid co-administration of ORGOVYX with oral P-gp inhibitors.

If co-administration is unavoidable, take ORGOVYX first, separate dosing by at least 6 hours, and 
monitor patients more frequently for adverse reactions. 

Treatment with ORGOVYX may be interrupted for up to 2 weeks for a short course of treatment with 
certain P-gp inhibitors. 

If treatment with ORGOVYX is interrupted for more than 7 days, resume administration of ORGOVYX 
with a 360 mg loading dose on the first day, followed by 120 mg once daily.

Combined P-gp and Strong CYP3A Inducers 
Co-administration of ORGOVYX with a combined P-gp and a strong CYP3A inducer decreases the 
AUC and Cmax of relugolix, which may reduce the effects of ORGOVYX. Avoid co-administration of 
ORGOVYX with combined P-gp and strong CYP3A inducers. 

If co-administration is unavoidable, increase the ORGOVYX dose. After discontinuation of the 
combined P-gp and strong CYP3A inducer, resume the recommended dose of ORGOVYX once daily.

8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy

Risk Summary 
The safety and efficacy of ORGOVYX have not been established in females. 

Based on findings in animals and mechanism of action, ORGOVYX can cause fetal harm and loss of 
pregnancy when administered to a pregnant female. There are no human data on the use of ORGOVYX 
in pregnant females to inform the drug-associated risk. In an animal reproduction study, oral 
administration of relugolix to pregnant rabbits during organogenesis caused embryo-fetal lethality at 
maternal exposures that were 0.3 times the human exposure at the recommended dose  
of 120 mg daily based on AUC (see Data). Advise patients of the potential risk to the fetus. 

Data

Animal Data

In an embryo-fetal development study, oral administration of relugolix to pregnant rabbits during the 
period of organogenesis resulted in abortion, total litter loss, or decreased number of live fetuses at  
a dose of 9 mg/kg/day (approximately 0.3 times the human exposure at the recommended dose of  
120 mg daily based on AUC).

8.2 Lactation

Risk Summary 
The safety and efficacy of ORGOVYX at the recommended dose of 120 mg daily have not been 
established in females. There are no data on the presence of relugolix in human milk, the effects on 
the breastfed child, or the effects on milk production. Relugolix and/or its metabolites were present in 
milk of lactating rats (see Data).

Data

Animal Data

In lactating rats administered a single oral dose of 30 mg/kg radiolabeled relugolix on post-partum day 
14, relugolix and/or its metabolites were present in milk at concentrations up to 10-fold higher than in 
plasma at 2 hours post-dose.

8.3 Females and Males of Reproductive Potential 

Contraception

Males

Based on findings in animals and mechanism of action, advise male patients with female partners of 
reproductive potential to use effective contraception during treatment and for 2 weeks after the last 
dose of ORGOVYX.

Infertility

Males

Based on findings in animals and mechanism of action, ORGOVYX may impair fertility in males of 
reproductive potential.

8.4 Pediatric Use

The safety and efficacy of ORGOVYX in pediatric patients have not been established.

8.5 Geriatric Use

Of the 622 patients who received ORGOVYX in the HERO study, 81% were 65 years of age or older, while 
35% were 75 years of age or older. No overall differences in safety or effectiveness were observed 
between these subjects and younger subjects. There was no clinically relevant impact of age on the 
pharmacokinetics of ORGOVYX or testosterone response based on population pharmacokinetic and 
pharmacokinetic/pharmacodynamic analyses in men 45 to 91 years of age.

12.3 Pharmacokinetics

Specific Populations

No clinically meaningful differences in the pharmacokinetics of relugolix were observed based on age 
(45 to 91 years), race/ethnicity (Asian [19%], White [71%], Black/African American [6%]), body weight 
(41 to 193 kg), mild to severe renal impairment (creatinine clearance [CLcr] 15 to 89 mL/min, as 
estimated by the Cockcroft-Gault equation), or mild to moderate hepatic impairment (Child-Pugh A or B). 
The effect of end-stage renal disease with or without hemodialysis or severe hepatic impairment  
(Child-Pugh C) on the pharmacokinetics of relugolix has not been evaluated.

Drug Interactions Studies

Clinical Studies

Combined P-gp and Moderate CYP3A Inhibitor: Co-administration with erythromycin (P-gp and 
moderate CYP3A inhibitor) increased the AUC and Cmax of relugolix by 6.2-fold. 

Combined P-gp and Strong CYP3A Inducer: Co-administration with rifampin (P-gp and strong  
CYP3A inducer) decreased the AUC and Cmax of relugolix by 55% and 23%, respectively.

Other Drugs: No clinically significant differences in the pharmacokinetics of relugolix were observed when 
co-administered with voriconazole (strong CYP3A inhibitor), atorvastatin, enzalutamide, or acid-reducing 
agents. No clinically significant differences in the pharmacokinetics of midazolam (sensitive CYP3A 
substrate) or rosuvastatin (BCRP substrate) were observed upon co-administration with relugolix.

In Vitro Studies

Cytochrome P450 (CYP) Enzymes: Relugolix is a substrate of CYP3A and CYP2C8. Relugolix is not an 
inhibitor of CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, or CYP3A4. Relugolix is an inducer 
of CYP3A and CYP2B6, but not an inducer of CYP1A2.

Transporter Systems: Relugolix is a substrate of P-gp, but not a substrate of BCRP. Relugolix is an 
inhibitor of BCRP and P-gp, but not an inhibitor of OATP1B1, OATP1B3, OAT1, OAT3, OCT2, MATE1, 
MATE2-K, or BSEP. 

13 NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

Two-year carcinogenicity studies were conducted in mice at oral relugolix doses up to 100 mg/kg/day 
and in rats at doses up to 600 mg/kg/day. Relugolix was not carcinogenic in mice or rats at exposures 
up to approximately 75 or 224 times, respectively, the human exposure at the recommended dose of 
120 mg daily based on AUC.

Relugolix was not mutagenic in the in vitro bacterial reverse mutation (Ames) assay or clastogenic in 
the in vitro chromosomal aberration assay in Chinese hamster lung cells or the in vivo rat bone marrow 
micronucleus assay. 

In human GnRH-receptor knock-in male mice, oral administration of relugolix decreased prostate 
and seminal vesicle weights at doses ≥ 3 mg/kg twice daily for 28 days. The effects of relugolix were 
reversible, except for testis weight, which did not fully recover within 28 days after drug withdrawal. In a 
39-week repeat-dose toxicity study in monkeys, there were no significant effects on male reproductive 
organs at oral relugolix doses up to 50 mg/kg/day (approximately 53 times the human exposure at the 
recommended dose of 120 mg daily based on AUC).

13.2 Animal Toxicology and/or Pharmacology

Phospholipidosis (intracellular phospholipid accumulation) was observed in multiple organs and 
tissues (e.g., liver, pancreas, spleen, kidney, lymph nodes, lung, bone marrow, gastrointestinal tract 
or testes) after repeated oral administration of relugolix in rats and monkeys. In a rat 26-week 
toxicity study, phospholipidosis was observed at doses ≥ 100 mg/kg (approximately 18 times the 
human exposure at the recommended dose based on AUC). In a monkey 39-week toxicity study, 
this effect was observed at doses ≥ 1.5 mg/kg (approximately 0.6 times the human exposure at the 
recommended dose based on AUC) and demonstrated evidence of reversibility after cessation of 
treatment. The significance of this finding in humans is unknown.

17 PATIENT COUNSELING INFORMATION

Advise the patient to read the FDA-approved patient labeling (Patient Information).

QT/QTc Interval Prolongation 
 •   Advise patients that androgen deprivation therapy treatment with ORGOVYX may prolong the 

QT interval. Inform patients of the signs and symptoms of QT prolongation. Advise patients to 
contact their healthcare provider immediately for signs or symptoms of QT prolongation.

Androgen Deprivation 
 •   Inform patients about adverse reactions related to androgen deprivation therapy with 

ORGOVYX, including hot flashes, flushing of the skin, increased weight, decreased sex drive, 
and difficulties with erectile function.

Embryo-Fetal Toxicity 
 •   Inform patients that ORGOVYX can be harmful to a developing fetus and can cause loss  

of pregnancy.

 •   Advise male patients with female partners of reproductive potential to use effective 
contraception during treatment and for 2 weeks after the last dose of ORGOVYX.

Infertility 
 •   Inform patients that ORGOVYX may cause infertility.

Manufactured by Bushu Pharmaceuticals, Ltd, Kawagoe, Saitama, Japan 
Manufactured for Myovant Sciences, Inc., Brisbane, CA 94005

Issued: December 2020
214621-MS-000
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BRIEF SUMMARY

ORGOVYXTM (relugolix) tablets, for oral use

The following is a brief summary of the full prescribing information for ORGOVYXTM (relugolix).  

Please see the full prescribing information for complete product information.

1 INDICATIONS AND USAGE

ORGOVYX is indicated for the treatment of adult patients with advanced prostate cancer.

4 CONTRAINDICATIONS

None.

5 WARNINGS AND PRECAUTIONS

5.1 QT/QTc Interval Prolongation

Androgen deprivation therapy, such as ORGOVYX may prolong the QT/QTc interval. Providers should 
consider whether the benefits of androgen deprivation therapy outweigh the potential risks in patients 
with congenital long QT syndrome, congestive heart failure, or frequent electrolyte abnormalities and 
in patients taking drugs known to prolong the QT interval. Electrolyte abnormalities should  
be corrected. Consider periodic monitoring of electrocardiograms and electrolytes. 

5.2 Embryo-Fetal Toxicity

The safety and efficacy of ORGOVYX have not been established in females. Based on findings 
in animals and mechanism of action, ORGOVYX can cause fetal harm and loss of pregnancy 
when administered to a pregnant female. In an animal reproduction study, oral administration of 
relugolix to pregnant rabbits during the period of organogenesis caused embryo-fetal lethality at 
maternal exposures that were 0.3 times the human exposure at the recommended dose of  
120 mg daily based on area under the curve (AUC). Advise males with female partners of 
reproductive potential to use effective contraception during treatment and for 2 weeks after the 
last dose of ORGOVYX. 

5.3 Laboratory Testing

Therapy with ORGOVYX results in suppression of the pituitary gonadal system. Results of diagnostic 
tests of the pituitary gonadotropic and gonadal functions conducted during and after ORGOVYX 
may be affected. The therapeutic effect of ORGOVYX should be monitored by measuring serum 
concentrations of prostate specific antigen (PSA) periodically. If PSA increases, serum concentrations 
of testosterone should be measured.

6 ADVERSE REACTIONS

The following clinically significant adverse reactions are described elsewhere in the labeling:

 •  QT/QTc Interval Prolongation.

6.1 Clinical Trials Experience

Because clinical trials are conducted under widely varying conditions, adverse reaction rates 
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical trials of 
another drug and may not reflect the rates observed in practice.

The safety of ORGOVYX was evaluated in HERO, a randomized (2:1), open-label, clinical study in 
patients with advanced prostate cancer. Patients received orally administered ORGOVYX as a loading 
dose of 360 mg on the first day followed by 120 mg taken orally once daily (n = 622) or received 
leuprolide acetate administered by depot injection at doses of 22.5 mg (n = 264) or 11.25 mg 
(n = 44) per local guidelines every 12 weeks (n = 308). Leuprolide acetate 11.25 mg is a dosage 
regimen that is not recommended for this indication in the US. Among patients who received ORGOVYX, 
91% were exposed for at least 48 weeks. Ninety-nine (16%) patients received concomitant 
radiotherapy and 17 (3%) patients received concomitant enzalutamide with ORGOVYX. 

Serious adverse reactions occurred in 12% of patients receiving ORGOVYX. Serious adverse reactions 
in ≥ 0.5% of patients included myocardial infarction (0.8%), acute kidney injury (0.6%), arrhythmia 
(0.6%), hemorrhage (0.6%), and urinary tract infection (0.5%). Fatal adverse reactions occurred in 
0.8% of patients receiving ORGOVYX including metastatic lung cancer (0.3%), myocardial infarction 
(0.3%), and acute kidney injury (0.2%). Fatal and non-fatal myocardial infarction and stroke were 
reported in 2.7% of patients receiving ORGOVYX.

Permanent discontinuation of ORGOVYX due to an adverse reaction occurred in 3.5% of patients. 
Adverse reactions which resulted in permanent discontinuation of ORGOVYX in ≥ 0.3 % of patients 
included atrioventricular block (0.3%), cardiac failure (0.3%), hemorrhage (0.3%), increased 
transaminases (0.3%), abdominal pain (0.3%), and pneumonia (0.3%). 

Dosage interruptions of ORGOVYX due to an adverse reaction occurred in 2.7% of patients. Adverse 
reactions which required dosage interruption in ≥ 0.3% of patients included fracture (0.3%).

The most common adverse reactions ( ≥ 10%) and laboratory abnormalities (≥ 15%), were hot 
flush (54%), glucose increased (44%), triglycerides increased (35%), musculoskeletal pain (30%), 
hemoglobin decreased (28%), alanine aminotransferase increased (ALT) (27%), fatigue (26%), 
aspartate aminotransferase increased (AST) (18%), constipation (12%), and diarrhea (12%). 

Table 1 summarizes the adverse reactions in HERO.

Table 1:  Adverse Reactions ( ≥ 10%) of Patients with Advanced Prostate Cancer Who 
Received ORGOVYX in HERO

Adverse Reaction

ORGOVYX 
N = 622

Leuprolide Acetate
N = 308

All Grades
(%)

Grade 3-4 
(%) 

All Grades
(%)

Grade 3-4 
(%)

Vascular disorders

Hot flush 54 0.6 52 0

Musculoskeletal and connective 
tissue disorders

Musculoskeletal paina 30 1.1 29 1.6

General

Fatigueb 26 0.3 24 0

Gastrointestinal disorders

Diarrheac 12 0.2 7 0

Constipation 12 0 10 0

a  Includes arthralgia, back pain, pain in extremity, musculoskeletal pain, myalgia, bone pain, neck pain, arthritis, muculoskeletal 
stiffness, non-cardiac chest pain, musculoskeletal chest pain, spinal pain, and musculoskeletal discomfort.

b Includes fatigue and asthenia.
c Includes diarrhea and colitis.

Clinically relevant adverse reactions in < 10% of patients who received ORGOVYX included increased 
weight, insomnia, gynecomastia, hyperhidrosis, depression, and decreased libido. 

Table 2 summarizes the laboratory abnormalities in HERO.  

Table 2:  Select Laboratory Abnormalities ( ≥ 15%) That Worsened from Baseline in 
Patients with Advanced Prostate Cancer Who Received ORGOVYX in HERO

Laboratory Test

ORGOVYXa Leuprolide Acetatea

All Grades
(%)

Grade 3-4 
(%) 

All Grades
(%)

Grade 3-4 
(%)

Chemistry

Glucose increased 44 2.9 54 6

Triglycerides increased 35 2 36 0.7

ALT increased 27 0.3 28 0

AST increased 18 0 19 0.3

Hematology

Hemoglobin decreased 28 0.5 29 0.7

a  The denominator used to calculate the rate varied from 611 to 619 in the ORGOVYX arm and from 301 to 306 in the leuprolide 
arm based on the number of patients with a baseline value and at least one post-treatment value.

7 DRUG INTERACTIONS

7.1 Effect of Other Drugs on ORGOVYX

P-gp Inhibitors 
Co-administration of ORGOVYX with a P-gp inhibitor increases the AUC and the maximum 
concentration (Cmax) of relugolix, which may increase the risk of adverse reactions associated with 
ORGOVYX. Avoid co-administration of ORGOVYX with oral P-gp inhibitors.

If co-administration is unavoidable, take ORGOVYX first, separate dosing by at least 6 hours, and 
monitor patients more frequently for adverse reactions. 

Treatment with ORGOVYX may be interrupted for up to 2 weeks for a short course of treatment with 
certain P-gp inhibitors. 

If treatment with ORGOVYX is interrupted for more than 7 days, resume administration of ORGOVYX 
with a 360 mg loading dose on the first day, followed by 120 mg once daily.

Combined P-gp and Strong CYP3A Inducers 
Co-administration of ORGOVYX with a combined P-gp and a strong CYP3A inducer decreases the 
AUC and Cmax of relugolix, which may reduce the effects of ORGOVYX. Avoid co-administration of 
ORGOVYX with combined P-gp and strong CYP3A inducers. 

If co-administration is unavoidable, increase the ORGOVYX dose. After discontinuation of the 
combined P-gp and strong CYP3A inducer, resume the recommended dose of ORGOVYX once daily.

8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy

Risk Summary 
The safety and efficacy of ORGOVYX have not been established in females. 

Based on findings in animals and mechanism of action, ORGOVYX can cause fetal harm and loss of 
pregnancy when administered to a pregnant female. There are no human data on the use of ORGOVYX 
in pregnant females to inform the drug-associated risk. In an animal reproduction study, oral 
administration of relugolix to pregnant rabbits during organogenesis caused embryo-fetal lethality at 
maternal exposures that were 0.3 times the human exposure at the recommended dose  
of 120 mg daily based on AUC (see Data). Advise patients of the potential risk to the fetus. 

Data

Animal Data

In an embryo-fetal development study, oral administration of relugolix to pregnant rabbits during the 
period of organogenesis resulted in abortion, total litter loss, or decreased number of live fetuses at  
a dose of 9 mg/kg/day (approximately 0.3 times the human exposure at the recommended dose of  
120 mg daily based on AUC).

8.2 Lactation

Risk Summary 
The safety and efficacy of ORGOVYX at the recommended dose of 120 mg daily have not been 
established in females. There are no data on the presence of relugolix in human milk, the effects on 
the breastfed child, or the effects on milk production. Relugolix and/or its metabolites were present in 
milk of lactating rats (see Data).

Data

Animal Data

In lactating rats administered a single oral dose of 30 mg/kg radiolabeled relugolix on post-partum day 
14, relugolix and/or its metabolites were present in milk at concentrations up to 10-fold higher than in 
plasma at 2 hours post-dose.

8.3 Females and Males of Reproductive Potential 

Contraception

Males

Based on findings in animals and mechanism of action, advise male patients with female partners of 
reproductive potential to use effective contraception during treatment and for 2 weeks after the last 
dose of ORGOVYX.

Infertility

Males

Based on findings in animals and mechanism of action, ORGOVYX may impair fertility in males of 
reproductive potential.

8.4 Pediatric Use

The safety and efficacy of ORGOVYX in pediatric patients have not been established.

8.5 Geriatric Use

Of the 622 patients who received ORGOVYX in the HERO study, 81% were 65 years of age or older, while 
35% were 75 years of age or older. No overall differences in safety or effectiveness were observed 
between these subjects and younger subjects. There was no clinically relevant impact of age on the 
pharmacokinetics of ORGOVYX or testosterone response based on population pharmacokinetic and 
pharmacokinetic/pharmacodynamic analyses in men 45 to 91 years of age.

12.3 Pharmacokinetics

Specific Populations

No clinically meaningful differences in the pharmacokinetics of relugolix were observed based on age 
(45 to 91 years), race/ethnicity (Asian [19%], White [71%], Black/African American [6%]), body weight 
(41 to 193 kg), mild to severe renal impairment (creatinine clearance [CLcr] 15 to 89 mL/min, as 
estimated by the Cockcroft-Gault equation), or mild to moderate hepatic impairment (Child-Pugh A or B). 
The effect of end-stage renal disease with or without hemodialysis or severe hepatic impairment  
(Child-Pugh C) on the pharmacokinetics of relugolix has not been evaluated.

Drug Interactions Studies

Clinical Studies

Combined P-gp and Moderate CYP3A Inhibitor: Co-administration with erythromycin (P-gp and 
moderate CYP3A inhibitor) increased the AUC and Cmax of relugolix by 6.2-fold. 

Combined P-gp and Strong CYP3A Inducer: Co-administration with rifampin (P-gp and strong  
CYP3A inducer) decreased the AUC and Cmax of relugolix by 55% and 23%, respectively.

Other Drugs: No clinically significant differences in the pharmacokinetics of relugolix were observed when 
co-administered with voriconazole (strong CYP3A inhibitor), atorvastatin, enzalutamide, or acid-reducing 
agents. No clinically significant differences in the pharmacokinetics of midazolam (sensitive CYP3A 
substrate) or rosuvastatin (BCRP substrate) were observed upon co-administration with relugolix.

In Vitro Studies

Cytochrome P450 (CYP) Enzymes: Relugolix is a substrate of CYP3A and CYP2C8. Relugolix is not an 
inhibitor of CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, or CYP3A4. Relugolix is an inducer 
of CYP3A and CYP2B6, but not an inducer of CYP1A2.

Transporter Systems: Relugolix is a substrate of P-gp, but not a substrate of BCRP. Relugolix is an 
inhibitor of BCRP and P-gp, but not an inhibitor of OATP1B1, OATP1B3, OAT1, OAT3, OCT2, MATE1, 
MATE2-K, or BSEP. 

13 NONCLINICAL TOXICOLOGY

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

Two-year carcinogenicity studies were conducted in mice at oral relugolix doses up to 100 mg/kg/day 
and in rats at doses up to 600 mg/kg/day. Relugolix was not carcinogenic in mice or rats at exposures 
up to approximately 75 or 224 times, respectively, the human exposure at the recommended dose of 
120 mg daily based on AUC.

Relugolix was not mutagenic in the in vitro bacterial reverse mutation (Ames) assay or clastogenic in 
the in vitro chromosomal aberration assay in Chinese hamster lung cells or the in vivo rat bone marrow 
micronucleus assay. 

In human GnRH-receptor knock-in male mice, oral administration of relugolix decreased prostate 
and seminal vesicle weights at doses ≥ 3 mg/kg twice daily for 28 days. The effects of relugolix were 
reversible, except for testis weight, which did not fully recover within 28 days after drug withdrawal. In a 
39-week repeat-dose toxicity study in monkeys, there were no significant effects on male reproductive 
organs at oral relugolix doses up to 50 mg/kg/day (approximately 53 times the human exposure at the 
recommended dose of 120 mg daily based on AUC).

13.2 Animal Toxicology and/or Pharmacology

Phospholipidosis (intracellular phospholipid accumulation) was observed in multiple organs and 
tissues (e.g., liver, pancreas, spleen, kidney, lymph nodes, lung, bone marrow, gastrointestinal tract 
or testes) after repeated oral administration of relugolix in rats and monkeys. In a rat 26-week 
toxicity study, phospholipidosis was observed at doses ≥ 100 mg/kg (approximately 18 times the 
human exposure at the recommended dose based on AUC). In a monkey 39-week toxicity study, 
this effect was observed at doses ≥ 1.5 mg/kg (approximately 0.6 times the human exposure at the 
recommended dose based on AUC) and demonstrated evidence of reversibility after cessation of 
treatment. The significance of this finding in humans is unknown.

17 PATIENT COUNSELING INFORMATION

Advise the patient to read the FDA-approved patient labeling (Patient Information).

QT/QTc Interval Prolongation 
 •   Advise patients that androgen deprivation therapy treatment with ORGOVYX may prolong the 

QT interval. Inform patients of the signs and symptoms of QT prolongation. Advise patients to 
contact their healthcare provider immediately for signs or symptoms of QT prolongation.

Androgen Deprivation 
 •   Inform patients about adverse reactions related to androgen deprivation therapy with 

ORGOVYX, including hot flashes, flushing of the skin, increased weight, decreased sex drive, 
and difficulties with erectile function.

Embryo-Fetal Toxicity 
 •   Inform patients that ORGOVYX can be harmful to a developing fetus and can cause loss  

of pregnancy.

 •   Advise male patients with female partners of reproductive potential to use effective 
contraception during treatment and for 2 weeks after the last dose of ORGOVYX.

Infertility 
 •   Inform patients that ORGOVYX may cause infertility.
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COVID-19 Jumpstarts  
RNA Cancer Vaccine Field
by MEIR RINDE
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THE SUCCESS OF CORONAVIRUS 2019 
(COVID-19) vaccines based on messenger 
RNA (mRNA) has led to a surge of interest 
from investigators, pharmaceutical compa-
nies, and investors in similar technology 
for other diseases, including a number 
of oncology indications. Experts 
say approved mRNA therapies for 
cancer are still years away, but 
several vaccines for melanoma and 
other malignancies are being eval-
uated in phase 2 trials and many 
others are in phase 1 or preclini-
cal development.

Therapeutic cancer vaccines, 
which train the immune system to 
recognize tumor-associated antigens, have 
been studied for decades and 2 have FDA 
approval: BCG vaccine, a weakened bacte-
ria used for early-stage bladder cancer, 
and sipuleucel-T (Provenge), a treatment 
for asymptomatic or minimally symptom-
atic metastatic castration-resistant prostate 
cancer that involves ex vivo activation of 
autologous dendritic cells.1 Talimogene laher-
parepvec (T-VEC; Imlygic), an oncolytic 
virus therapy approved for local treatment 

of lesions in patients with recurrent mela-
noma, also is sometimes described as a 
cancer vaccine.2

Immunologists have tried to create 
vaccines using a variety of experimental 
platforms. These include whole cell–based 

and virus-based vaccines, and 
molecular vaccines that use DNA, 
RNA, or peptides that encode anti-
gens to activate immune responses 
against tumor cells (FIGURE3). 
The advantages of RNA vaccines 
include the ability to stimulate an 
innate immune response through 
a comparatively simple and rapid 
process; disadvantages 

involve concerns over instability 
and low immunogenicity.3

Although vaccines based on 
mRNA technology have been 
explored during the past 20 years, 
the FDA’s emergency use authori-
zation of the COVID-19 vaccines 
has served as a proof of concept. 
BNT162b2 developed by Pfizer-
BioNTech and mRNA-1273, from Moderna, 
Inc are nucleoside-modified mRNA vaccines 

that encode the prefusion spike glycoprotein 
of severe acute respiratory syndrome coro-
navirus 2, which causes COVID-19. Both are 
encapsulated within lipid nanoparticles.4

Timothy A. Chan, MD, PhD, director of the 
Center for Immunotherapy and Precision 
Immuno-Oncology at the Lerner Research 
Institute at Cleveland Clinic in Ohio, studies 
RNA but said until recently he had seen it as 
just another vaccine technology that had yet 
to yield an approved product.

“Prior to the phase 3 [trials] for COVID-19, 
nobody was thinking about RNA as a serious 
player, really. As of 2019, I had never thought 
too much about RNA. I just thought it was 

one of those vectors. Nobody was 
using it,” said Chan, whose research 
helped identify neoantigens as 
the targets for vaccines and other 
immunotherapies.5 “COVID-19 actu-
ally accelerated the RNA field.”

Chan, a cofounder of the RNA 
vaccine developer Gritstone 
Oncology, Inc, said he now expects 
that hundreds of new companies 

focusing on RNA will spring up in the near 
future. Drew Weissman, MD, PhD, 

Timothy A. Chan, 
MD, PhD

Drew Weissman, 
MD, PhD
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an immunologist at the University 
of Pennsylvania in Philadelphia who 

discovered the nucleoside 
modifications that allow use 
of RNA in vaccines,6 said 
he’s been receiving calls 
from venture capitalists 
who want to start biotech 
companies to explore uses 
for RNA-based technology. 
Herbert Kim Lyerly, MD, 

director of the Center for Applied 
Therapeutics at Duke University School of 
Medicine in Durham, North Carolina, said 
that last year he was able to set up a new 
company, Replicate Biosciences, Inc, thanks 
in part to funders’ new enthusiasm for 
RNA technology.

It has helped investigators to have “the 
idea of an mRNA vaccine be seen as a 
success,” said Lyerly, who also is the George 
Barth Geller Distinguished Professor 
of Immunology at Duke. The COVID-19 
vaccines, he noted, are the fruit of many 
years of painstaking study. “It’s not like 
RNA vaccines were completely unheard of, 
and then COVID-19 came and they sprang 
out of nothing,” he said. “You prepare your 
whole life to be an overnight success.”

Scientists at BioNTech SE and Moderna, 
Inc were able to design anti–COVID-19 prod-
ucts quickly after spending years working 
on RNA-based agents to prevent or treat 
cancers, HIV, influenza, genetic disorders, 
and other conditions. Before the pandemic, 
BioNTech focused primarily on 
oncology, developing investigational 
therapies for melanoma, triple-neg-
ative breast cancer, human 
papillomavirus (HPV)–driven head 
and neck cancer, lung cancer, and 
KRAS-mutated solid tumors. 

RNA vaccines for melanoma ther-
apies are among the most advanced 
in oncology, but many other tumors 
could prove responsive to treatments based 
on the platform, said Ezra Cohen, MD, 
FRCPSC, FASCO, associate director for 
translational science and leader of the solid 
tumor therapeutics research program at 
Moores Cancer Center at the University of 
California San Diego.

“Melanoma is inherently a more 
immune-responsive cancer, so I wouldn’t 

be surprised if we see data on melanoma 
early. The tumors where we’re seeing 

success using PD-1 or PD-L1 inhibi-
tors are likely to be the first ones to 
have success with RNA vaccines,” 
said Cohen, who also is chief of the 
Division of Hematology-Oncology 
at Moores. “With a vaccine, we’re 
trying to activate specific T cells. In 
highly immunosuppressed 
cancers like pancreatic 
cancer, where it’s very diffi-

cult for T cells to get into the tumor, 
we will see vaccines being tried and 
successful later.”

INDUSTRY FOCUS TURNS  
TO RNA IN CANCER
BioNTech Efforts
Melanoma was the target in BioNTech’s 
phase 1 Lipo-MERIT trial (NCT02410733) 

in patients with stage IIIB to C and stage 
IV melanoma. The first-in-human study 
tested the mRNA vaccine BNT111, which is 
based on the company’s off-the-shelf FixVac 
platform and is composed of 4 nonmutant 
shared tumor–associated melanoma antigens 
(NY-ESO-1, MAGE-A3, tyrosinase, and TPTE). 

The therapy was well tolerated with no 
dose-limiting toxicity, according to interim 

data published in Nature in 2020. In 
a safety assessment of 89 patients 
with advanced unresectable mela-
noma treated with intravenously 
delivered repeated doses ranging 
from 7.2 µg to 400 µg, 
the most common adverse events 
(AEs) were mild-to-moderate, tran-
sient flu-like symptoms such as 
pyrexia and chills.7,8 

A subset of 42 patients with radiologically 
evaluable melanoma after prior treatment 

Herbert Kim  
Lyerly, MD

Ezra Cohen, MD, 
FRCPSC, FASCO

F IGURE .  M e c h a n i s m s  o f  D i f f e r e n t  N u c l e i c  A c i d  Va c c i n e s 3

Exploratory vaccines that leverage nucleic acids vs viral vectors include therapies based on messenger RNA (mRNA), which are breaking out of the 
pack as a result of the success of 2 coronavirus 2019 vaccines.

Recreated under a Creative Commons license from Zhang C, Maruggi G, Shan H, Li J. Front Immunol. 2019;10:594. doi:10.3389/fim-
mu.2019.00594.
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with checkpoint inhibitors was assessed 
by imaging of metastatic lesions before and 
after vaccination. Of 25 patients treated with 
BNT111 monotherapy, 3 experienced a partial 
response (PR), 7 showed stable disease (SD), 
and 1 had complete metabolic remission of 
metastatic lesions. Of 17 patients treated with 
BNT111 plus anti-PD-1 therapy, 6 developed a 
PR. Treatment with BNT111 also resulted in 
the expansion and activation of CD4-positive 
and CD8-positive T cells that complement the 
activity of anti–PD-1/PD-L1 therapy, inves-
tigators noted. The vaccine “ramped-up” 
antigen-specific T cells of the effector memory 
phenotype, which is of importance for cell-me-
diated immune responses such as activation of 
antigen-specific cytotoxic T cells.7,8

Investigators also are testing RO7198457 
(BNT122), a personalized mRNA vaccine 
that contains up to 20 patient-specific 
neoantigens, as monotherapy and in combi-
nation with PD-1/PD-L1 pathway inhibitors. 
BioNTech is developing the individualized 
neoantigen-specific immunotherapy plat-
form in collaboration with Genentech.9,10 

Findings from the first-in-human, ongoing 
phase 1a/1b basket study (NCT03289962) of 
RO7198457 as monotherapy and in combi-
nation with atezolizumab (Tecentriq), a 
PD-L1 inhibitor, were presented at the 2020 
American Association for Cancer Research 

Virtual Annual Meeting II. The study is 
recruiting patients with locally advanced 
or metastatic solid tumors, including mela-
noma, non–small cell lung cancer (NSCLC), 
bladder cancer, and colorectal cancer.9,10

In the phase 1a dose-escalation phase,  
31 patients who had undergone a median 
of 5 lines of prior therapies (range, 1-17) 
received RO7198457 at doses ranging from 
25 µg to 100 µg. Of 26 patients with at least 
1 tumor assessment, 1 patient with gastric 
cancer and metastatic liver lesions had a 
confirmed complete response (CR) that was 
ongoing for more than 10 months at the time 
of the presentation, and 12 participants had 
SD. Neoantigen-specific T-cell responses 
were generated in the peripheral blood of 
86% of patients.9

In the phase 1b portion of the study,  
132 patients received the vaccine in combi-
nation with atezolizumab at doses ranging 
from 15 µg to 50 µg. Of 108 patients with 
at least 1 tumor assessment, 1 patient 
had a CR as best response (0.9%), 8 had 
PRs (7.4%), and 53 had SD (49.1%). T-cell 
responses were observed in nearly 73% of 
63 patients evaluated.10

The combination was well tolerated, investi-
gators said. The majority of AEs were of grade 
1 or 2 severity, mostly transient systemic reac-
tions including infusion-related reactions, 
cytokine release syndrome, and influen-
za-like illness. No dose-limiting toxicities 
were observed.10

In another novel regimen involving 
the mRNA vaccine, the combination of 
RO7198457 plus pembrolizumab (Keytruda) 
is being evaluated vs pembrolizumab 
alone in patients with previously 
untreated advanced melanoma in the 
phase 2 IMCODE001 trial (NCT03815058). 
Investigators plan to enroll 132 participants 
and complete the trial by September 2022. 

Moderna Studies
Beyond its COVID-19 vaccine, Moderna also 
is developing anticancer mRNA vaccines 
with diverse mechanisms of action. The most 
advanced in terms of the company’s clinical 
pipeline are mRNA-4157, a personalized 
vaccine that can encode up to 34 neoan-
tigens, and mRNA-2416, an intratumoral 
therapy that encodes for the OX40L  
immune stimulator.11-13  

The mRNA-4157 vaccine is being tested in 
combination with pembrolizumab in patients 
with unresectable solid tumors in the phase 
1 KEYNOTE-603 study (NCT03313778). 
Updated findings from part C of the study 
involving 10 patients with HPV-negative head 
and neck squamous cell carcinoma (HNSCC) 
and 17 participants with microsatellite- 
stable colorectal cancer (MSS-CRC) who had 
not been previously treated with checkpoint 
inhibitors were presented at the Society for 
Immunotherapy of Cancer 35th Anniversary 
Annual Meeting & Preconference Programs 
in November 2020.12

In the HNSCC group, the overall response 
rate (ORR) as measured by RECIST 1.1 was 
50% (5 of 10 patients), with 2 participants 
achieving CR with no detectable disease and 
3 achieving PR, all of which were ongoing. 
Median progression-free survival (PFS) was 
9.8 months, comparing favorably to published 
ORR and median PFS of 14.6% and 2 months, 
respectively, for pembrolizumab monotherapy 
in HNSCC. Including 4 patients with SD, the 
disease control rate was 90% (9 of 10 patients). 
Median duration of response had not been 
reached. Based on the interim data, investiga-
tors recommended expanding the cohort.12

However, no responses and 1 SD 
were observed among participants with 
MSS-CRC. Ten of the patients with MSS-CRC 
progressed rapidly within 6 weeks of receiv-
ing the vaccine, and only 1 completed all 
doses. Investigators theorized that most of 
the MSS-CRC tumors were “immunologically 
cold,” as measured through gene expression 
profile and cytolytic activity scores.12

The efficacy of mRNA-4157 is being 
explored in the phase 2 KEYNOTE-942 
trial (NCT03897881) in combination with 
pembrolizumab vs pembrolizumab alone 
in patients with cutaneous melanoma who 
have undergone complete resection and are 
deemed at high risk of recurrence. 

Meanwhile, mRNA-2416 is being evalu-
ated as monotherapy and in combination 
with durvalumab (Imfinzi), a PD-L1 inhib-
itor, in patients with relapsed or refractory 
advanced solid tumors or lymphoma in an 
ongoing phase 1/2 trial (NCT03323398). 
Patients with ovarian cancer are eligible for 
the combination arm.

In data from the monotherapy arm of 
the study, mRNA-2416 was generally well ©
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Coronavirus spike glycoproteins, shown on 
the viral membrane in this illustration, are 
targeted by messenger RNA vaccines.
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tolerated with no dose-limiting toxicities. 
Of 39 patients with advanced cancers who 
received the vaccine, 7 experienced grade 
3 treatment-related AEs. The best overall 
response was SD by RECIST criteria in  
14 patients, including 6 who maintained SD 
for at least 14 weeks. Among 6 participants 
with ovarian cancer, 4 had SD.13 

In terms of biomarkers, the vaccine ther-
apy resulted in an increase of the OX40L 
protein and T-cell infiltration in the tumor 
microenvironment, which investigators 
said were beneficial signals that warrant 
further study.13

Additional Vaccines
Research also is moving forward on other 
fronts. Gritstone Oncology is conducting 
phase 2 trials of a personalized RNA prod-
uct, GRANITE, with 20 tumor-specific 
neoantigens, and an off-the-shelf shared 
neoantigen therapy, SLATE, that includes  
20 driver mutations. 

In early findings involving 10 patients, 
GRANITE showed good tolerability and strong, 
consistent induction of killer CD8-positive 
T cells specific to multiple neoantigens that 
accumulated in tumors, the company said. 
The phase 2 portion of the GO-004 study 
(NCT03639714) has been expanded to include 
cohorts for patients with MSS-CRC and gastro-
esophageal cancer who have progressed 
on chemotherapy regimens. The vaccine is 
administered in combination with the immune 
checkpoint inhibitors nivolumab (Opdivo) and 
ipilimumab (Yervoy).14,15

SLATE also demonstrated strong induc-
tion of CD8-positive T cells but more 
consistently against multiple KRAS muta-
tions, the company said. The phase 2 
portion of the GO-005 study (NCT03953235) 
is recruiting patients with NSCLC harboring 
KRAS mutations who have progressed on 
prior checkpoint inhibitor therapy 
and patients with TP53-mutated advanced 
cancers. Participants also will receive 
combination immunotherapy with 
nivolumab plus ipilimumab.14,15

Other companies working on RNA-based 
immunotherapies include Immunomic 
Therapeutics, Inc, which is conducting the 
phase 2 ATTAC-II trial (NCT02465268)  
testing its mRNA vaccine ITI-1000 in 
patients with newly diagnosed glioblastoma. 

The vaccine targets malignant glial cells 
expressing the cytomegalovirus pp65 protein. 

Academic efforts include a phase 1 trial 
(NCT04573140) of RNA-lipid particle 
vaccines for newly diagnosed pediatric 
high-grade gliomas and adult glioblastoma 
launched by Elias Sayour, MD, PhD, a pediat-
ric oncologist at the University of Florida.16

TECHNOLOGICAL CHALLENGES
RNA’s advantages are the speed and relative 
ease of creating a customized neoantigenic 
cassette and the large number of targets that 
can be included. “You can load a tremendous 
amount of code so that your manufacturing 
costs are a fraction of what they would be 
if you were using a peptide vaccine,” Cohen 
said. “You basically just have to make  
1 string of RNA, as opposed to a peptide 
vaccine where you have to make each 
peptide individually.”

RNA thus lends itself to making cancer 
vaccines, which sometimes target 20 or  
30 different proteins. However, identifying 
the antigens that will stimulate the most 
effective immune response remains a 
major challenge, as shown by the slow 
pace of vaccine development progress so 
far, experts say.

One question is whether to make a person-
alized vaccine that targets unique “private” 
antigens found in each patient’s individual 
tumor or an off-the-shelf shared vaccine 
directed at mutations commonly found in a 
particular tumor type. Philosophies about 
the best approach vary. “We’ve taken the 
approach that the individualized vaccines 
are going to be more efficacious because 
that’s really what cancer is: Every cancer 
is unique. And we need to address that,” 
Cohen said. “Having said that, you can still 
find commonality among those unique muta-
tions. You can imagine a hybrid approach, a 
vaccine that has some shared antigens while 
the personalized ones are being discovered 
and manufactured.”

Lyerly prefers to target known shared 
alterations that drive tumor behavior, such 
as mutations in PI3K or estrogen receptors, 
so that the patient benefits when the muta-
tion is lost during evolved resistance. “We 
have 2 ways of winning: You get an antigen 
loss variant, or you kill the cell,” he said. 
By contrast, private antigens are often 

inessential. “If you lost the rearview mirror 
on your car when you’re escaping, it doesn’t 
really matter that much. But if you lose your 
drive train, it does matter,” he said.

Perfecting individualized vaccines will 
also require better identification of the most 
useful neoantigens. Cohen said computer 
algorithms for predicting effectiveness are 
wrong much of the time and can only iden-
tify proteins from human leukocyte antigen 
class 1, not class 2. Chan said current algo-
rithms are “not bad,” as studies have found 
that more than 80% of their predicted targets 
induce T cells. But both Cohen and Chan said 
they expect algorithms will improve as more 
data are known. They noted that traditional 
immunology using functional T-cell assays 
is accurate, though laborious. 

Eventually, both methods will be super-
seded by more advanced proteomic 
approaches, Cohen said. “They’re not sensi-
tive enough, but we’re getting there. Within 
a few years, certainly within a decade, you 
can imagine we’ll just be able to interrogate 
the peptide sequence within the MHC [major 
histocompatibility complex]. We won’t need 
algorithms. We won’t need T-cell assays. 
We’ll just go right to the source,” he said.

Chan, Lyerly, and others also said future 
vaccines will use self-amplifying RNA 
(saRNA), which requires vastly smaller 
doses than the modified RNA in the  
COVID-19 vaccines, lowering production 
costs. Chan argued that saRNA is also 
“completely natural,” unlike chemically 
modified RNA, and thus less likely to be 
mutagenic. (Gritstone’s investigational 
vaccines use saRNA.) Weissman, who 
discovered modified RNA, said saRNA’s role 
remains unclear; he said the cost savings 
are not significant and noted that BioNTech 
trialed an saRNA COVID-19 vaccine but 
found that the modified RNA version was 
more effective.

Weissman also said studies have found 
that saRNA leads to greater protein produc-
tion but from many fewer cells than modified 
RNA. Lyerly countered that that finding 
would be a good sign, as delivery into cells 
can be improved by changing the vaccine’s 
lipid shell formulation. ■

For a full list of references,  
see the article at  . 
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INDICATIONS 

Retevmo is a kinase inhibitor indicated for the treatment of:

• adult patients with metastatic RET fusion-positive non-small cell lung cancer (NSCLC) 
• adult and pediatric patients 12 years of age and older with advanced or metastatic RET-mutant medullary thyroid cancer (MTC) 

who require systemic therapy 
• adult and pediatric patients 12 years of age and older with advanced or metastatic RET fusion-positive thyroid cancer who require 

systemic therapy and who are radioactive iodine-refractory (if radioactive iodine is appropriate)

These indications are approved under accelerated approval based on overall response rate (ORR) and duration of response (DoR). Continued 
approval for these indications may be contingent upon verifi cation and description of clinical benefi t in confi rmatory trials.
RET=rearranged during transfection. 

IMPORTANT SAFETY INFORMATION

Hepatotoxicity: Serious hepatic adverse reactions occurred in 2.6% of patients treated with Retevmo. Increased aspartate 
aminotransferase (AST) occurred in 51% of patients, including Grade 3 or 4 events in 8% and increased alanine aminotransferase (ALT) 
occurred in 45% of patients, including Grade 3 or 4 events in 9%. The median time to fi rst onset for increased AST was 4.1 weeks (range: 
5 days to 2 years) and increased ALT was 4.1 weeks (range: 6 days to 1.5 years). Monitor ALT and AST prior to initiating Retevmo, every 
2 weeks during the fi rst 3 months, then monthly thereafter and as clinically indicated. Withhold, reduce dose or permanently discontinue 
Retevmo based on the severity.

Hypertension occurred in 35% of patients, including Grade 3 hypertension in 17% and Grade 4 in one 
(0.1%) patient. Overall, 4.6% had their dose interrupted and 1.3% had their dose reduced for hypertension. 
Treatment-emergent hypertension was most commonly managed with anti-hypertension medications. 
Do not initiate Retevmo in patients with uncontrolled hypertension. Optimize blood pressure prior to 
initiating Retevmo. Monitor blood pressure after 1 week, at least monthly thereafter, and as clinically 
indicated. Initiate or adjust anti-hypertensive therapy as appropriate. Withhold, reduce dose, or 
permanently discontinue Retevmo based on the severity.

Response in patients with metastatic RET fusion-positive non-small cell lung cancer 
(NSCLC), advanced or metastatic RET fusion-positive thyroid cancer (non-medullary 
thyroid cancer (non-MTC)),* and advanced or metastatic RET-mutant MTC1

Find RET. Find results on Retevmo.com.

* Primary tumor histologies included papillary thyroid cancer, poorly diff erentiated thyroid 
cancer, anaplastic thyroid cancer, and Hurthle cell thyroid cancer.1

† Patients previously treated with platinum-based chemotherapy and with measurable 
CNS lesions at baseline according to IRC assessment.1

‡ Patients in this cohort received no prior systemic therapy other than radioactive iodine (RAI).1
§ Patients in this cohort received a prior systemic therapy (including sorafenib, lenvatinib, 
or both) other than RAI.1

|| The effi  cacy of Retevmo was evaluated in 55 patients with RET-mutant advanced MTC 
who were previously treated with cabozantinib or vandetanib enrolled into a cohort of 
LIBRETTO-001.1

¶ Patients with advanced or metastatic RET fusion-positive NSCLC who had progressed on 
platinum-based chemotherapy and those without prior systemic therapy were enrolled in 
separate cohorts.1

# Non-medullary thyroid cancers (non-MTC) by histology included papillary (n=31), poorly 
diff erentiated (n=4), anaplastic (n=2), and Hurthle cell (n=1).1,4

** Other tumors included pancreatic cancer (n=7), colon cancer (n=5), and adrenal gland 
carcinoma (n=3).4

†† Number of patients included in the initial effi  cacy analysis. Effi  cacy was based on patients 
who had at least 6 months of follow-up.1

‡‡ Effi  cacy was evaluated in 105 adult patients with metastatic RET fusion-positive NSCLC 
who were previously treated with platinum chemotherapy enrolled into a cohort of 
LIBRETTO-001. All 105 patients received systemic therapy. 58 of the 105 patients 
received prior anti-PD-1/PD-L1 therapy, and 50 of the 105 patients received a prior 
multikinase inhibitor (MKI).1,4

§§ Patients with RET-mutant NSCLC and RET-mutant thyroid cancer (non-MTC) were not 
enrolled in the trial since RET is not the driver of tumor growth in these cancers.1,6

BID=twice daily; CI=confi dence interval; CNS=central nervous system; CR=complete 
response; DoR=duration of response; NE=not estimable; ORR=objective response rate; 
PO=orally; PR=partial response; RECIST=Response Evaluation Criteria in Solid Tumors.

Trial Design The phase I/II, multicohort, open-label, single-arm, 
multicenter LIBRETTO-001 trial evaluated the effi  cacy of Retevmo 
in a population of 702 patients with metastatic RET fusion-positive 
NSCLC (n=332),¶ advanced or metastatic RET fusion-positive 
thyroid cancer (non-MTC)# (n=38), advanced or metastatic 
RET-mutant MTC (n=306), and certain other advanced solid 
tumors with RET alterations (n=26).** The study enrolled the 
following cohorts: systemic therapy-naive patients (n=39††) and 
previously treated (n=105††‡‡) patients who had progressed on 
platinum-based chemotherapy with metastatic RET fusion-positive 
NSCLC; systemic therapy-naive (n=8‡††) and previously treated 
(n=19§††) patients with advanced or metastatic RET fusion-positive
thyroid cancer (non-MTC); and treatment-naive (n=88††) and 
previously treated (n=55||††) patients with advanced or metastatic 
RET-mutant MTC. Major effi  cacy outcomes were ORR and DoR. 
In phase II, the dose for Retevmo was 160 mg PO BID.1,4,5§§

ORR was defi ned as CR + PR and was assessed by independent 
review committee (IRC) according to RECIST v1.1.1

All results reviewed by an IRC.1,3

Advanced or Metastatic RET-Mutant MTC

Median DoR 
not yet reached

(95% CI: 19.1, NE); 
median follow-up: 14.1 months1,3

Median DoR 
not yet reached

(95% CI: NE, NE); 
median follow-up: 8.8 months1,3

Median DoR 
was 18.4 months

(95% CI: 7.6, NE); 
median follow-up: 17.5 months1,3

Median DoR 
was 17.5 months

(95% CI: 12, NE); 
median follow-up: 12.1 months1,3

Median DoR 
was 22.0 months

(95% CI: NE, NE); 
median follow-up: 7.8 months1,3

Metastatic RET Fusion-Positive NSCLC

Previously treated with platinum chemotherapy (n=105)Treatment naive (n=39)

Median DoR 
not yet reached

(95% CI: 12, NE); 
median follow-up: 7.4 months1,3

Advanced or Metastatic RET 
Fusion-Positive Thyroid Cancer (Non-MTC)

Previously treated 
with cabozantinib and/or 

vandetanib|| (n=55)
Cabozantinib/vandetanib 

treatment naive (n=88)

Retevmo® is a registered trademark owned or licensed by Eli Lilly and Company, its subsidiaries, or a�  liates.
PP-SE-US-0397    11/2020     © Lilly USA, LLC 2020.  All rights reserved. 

Previously treated§ (n=19)Systemic therapy naive‡ (n=8)

Responses in intracranial
lesions were observed in

10 of 11
previously treated patients 

with measurable brain metastases1†

CNS DoR was ≥6 months in all responders
with measurable brain metastases1†

No patients received radiation therapy to the 
brain within 2 months prior to study entry1

85% ORR1

(95% CI: 70, 94)
0% CR + 85% PR

100% ORR1

(95% CI: 63, 100)
12.5% CR + 88% PR

73% ORR1

(95% CI: 62, 82)
11% CR + 61% PR

69% ORR1

(95% CI: 55, 81)
9% CR + 60% PR

79% ORR1

(95% CI: 54, 94)
5.3% CR + 74% PR

64% ORR1

(95% CI: 54, 73)
1.9% CR + 62% PR

Please see Important Safety Information and Brief Summary of 
Prescribing Information for Retevmo on subsequent pages.

Adverse Reactions and Laboratory Abnormalities

•  The most common adverse reactions, including laboratory abnormalities, (≥25%) were increased aspartate aminotransferase (AST), 
increased alanine aminotransferase (ALT), increased glucose, decreased leukocytes, decreased albumin, decreased calcium, dry mouth, 
diarrhea, increased creatinine, increased alkaline phosphatase, hypertension, fatigue, edema, decreased platelets, increased total cholesterol, 
rash, decreased sodium, and constipation

•  Serious adverse reactions occurred in 33% of patients who received Retevmo. The most frequent serious adverse reaction (in ≥2% of 
patients) was pneumonia. Fatal adverse reactions occurred in 3% of patients; fatal adverse reactions which occurred in >1 patient included 
sepsis (n=3), cardiac arrest (n=3) and respiratory failure (n=3). Permanent discontinuation due to an adverse reaction occurred in 5% of 
patients who received Retevmo Adverse reactions resulting in permanent discontinuation in patients who received Retevmo included 
increased ALT (0.4%), sepsis (0.4%), increased AST (0.3%), drug hypersensitivity (0.3%), fatigue (0.3%), and thrombocytopenia (0.3%) 

•  Dose interruptions due to an adverse reaction occurred in 42% of patients who received Retevmo. Adverse reactions requiring dosage 
interruption in ≥2% of patients included ALT increased, AST increased, hypertension, diarrhea, pyrexia, and QT prolongation

•  Dose reductions due to an adverse reaction occurred in 31% of patients who received Retevmo. Adverse reactions 
requiring dosage reductions in ≥2% of patients included ALT increased, AST increased, QT prolongation, and fatigue

Retevmo is the fi rst precision oncology
treatment approved specifi cally for 
patients with certain RET-driven cancers.1,2
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INDICATIONS 

Retevmo is a kinase inhibitor indicated for the treatment of:

• adult patients with metastatic RET fusion-positive non-small cell lung cancer (NSCLC) 
• adult and pediatric patients 12 years of age and older with advanced or metastatic RET-mutant medullary thyroid cancer (MTC) 

who require systemic therapy 
• adult and pediatric patients 12 years of age and older with advanced or metastatic RET fusion-positive thyroid cancer who require 

systemic therapy and who are radioactive iodine-refractory (if radioactive iodine is appropriate)

These indications are approved under accelerated approval based on overall response rate (ORR) and duration of response (DoR). Continued 
approval for these indications may be contingent upon verifi cation and description of clinical benefi t in confi rmatory trials.
RET=rearranged during transfection. 

IMPORTANT SAFETY INFORMATION

Hepatotoxicity: Serious hepatic adverse reactions occurred in 2.6% of patients treated with Retevmo. Increased aspartate 
aminotransferase (AST) occurred in 51% of patients, including Grade 3 or 4 events in 8% and increased alanine aminotransferase (ALT) 
occurred in 45% of patients, including Grade 3 or 4 events in 9%. The median time to fi rst onset for increased AST was 4.1 weeks (range: 
5 days to 2 years) and increased ALT was 4.1 weeks (range: 6 days to 1.5 years). Monitor ALT and AST prior to initiating Retevmo, every 
2 weeks during the fi rst 3 months, then monthly thereafter and as clinically indicated. Withhold, reduce dose or permanently discontinue 
Retevmo based on the severity.

Hypertension occurred in 35% of patients, including Grade 3 hypertension in 17% and Grade 4 in one 
(0.1%) patient. Overall, 4.6% had their dose interrupted and 1.3% had their dose reduced for hypertension. 
Treatment-emergent hypertension was most commonly managed with anti-hypertension medications. 
Do not initiate Retevmo in patients with uncontrolled hypertension. Optimize blood pressure prior to 
initiating Retevmo. Monitor blood pressure after 1 week, at least monthly thereafter, and as clinically 
indicated. Initiate or adjust anti-hypertensive therapy as appropriate. Withhold, reduce dose, or 
permanently discontinue Retevmo based on the severity.

Response in patients with metastatic RET fusion-positive non-small cell lung cancer 
(NSCLC), advanced or metastatic RET fusion-positive thyroid cancer (non-medullary 
thyroid cancer (non-MTC)),* and advanced or metastatic RET-mutant MTC1

Find RET. Find results on Retevmo.com.

* Primary tumor histologies included papillary thyroid cancer, poorly diff erentiated thyroid 
cancer, anaplastic thyroid cancer, and Hurthle cell thyroid cancer.1

† Patients previously treated with platinum-based chemotherapy and with measurable 
CNS lesions at baseline according to IRC assessment.1

‡ Patients in this cohort received no prior systemic therapy other than radioactive iodine (RAI).1
§ Patients in this cohort received a prior systemic therapy (including sorafenib, lenvatinib, 
or both) other than RAI.1

|| The effi  cacy of Retevmo was evaluated in 55 patients with RET-mutant advanced MTC 
who were previously treated with cabozantinib or vandetanib enrolled into a cohort of 
LIBRETTO-001.1

¶ Patients with advanced or metastatic RET fusion-positive NSCLC who had progressed on 
platinum-based chemotherapy and those without prior systemic therapy were enrolled in 
separate cohorts.1

# Non-medullary thyroid cancers (non-MTC) by histology included papillary (n=31), poorly 
diff erentiated (n=4), anaplastic (n=2), and Hurthle cell (n=1).1,4

** Other tumors included pancreatic cancer (n=7), colon cancer (n=5), and adrenal gland 
carcinoma (n=3).4

†† Number of patients included in the initial effi  cacy analysis. Effi  cacy was based on patients 
who had at least 6 months of follow-up.1

‡‡ Effi  cacy was evaluated in 105 adult patients with metastatic RET fusion-positive NSCLC 
who were previously treated with platinum chemotherapy enrolled into a cohort of 
LIBRETTO-001. All 105 patients received systemic therapy. 58 of the 105 patients 
received prior anti-PD-1/PD-L1 therapy, and 50 of the 105 patients received a prior 
multikinase inhibitor (MKI).1,4

§§ Patients with RET-mutant NSCLC and RET-mutant thyroid cancer (non-MTC) were not 
enrolled in the trial since RET is not the driver of tumor growth in these cancers.1,6

BID=twice daily; CI=confi dence interval; CNS=central nervous system; CR=complete 
response; DoR=duration of response; NE=not estimable; ORR=objective response rate; 
PO=orally; PR=partial response; RECIST=Response Evaluation Criteria in Solid Tumors.

Trial Design The phase I/II, multicohort, open-label, single-arm, 
multicenter LIBRETTO-001 trial evaluated the effi  cacy of Retevmo 
in a population of 702 patients with metastatic RET fusion-positive 
NSCLC (n=332),¶ advanced or metastatic RET fusion-positive 
thyroid cancer (non-MTC)# (n=38), advanced or metastatic 
RET-mutant MTC (n=306), and certain other advanced solid 
tumors with RET alterations (n=26).** The study enrolled the 
following cohorts: systemic therapy-naive patients (n=39††) and 
previously treated (n=105††‡‡) patients who had progressed on 
platinum-based chemotherapy with metastatic RET fusion-positive 
NSCLC; systemic therapy-naive (n=8‡††) and previously treated 
(n=19§††) patients with advanced or metastatic RET fusion-positive
thyroid cancer (non-MTC); and treatment-naive (n=88††) and 
previously treated (n=55||††) patients with advanced or metastatic 
RET-mutant MTC. Major effi  cacy outcomes were ORR and DoR. 
In phase II, the dose for Retevmo was 160 mg PO BID.1,4,5§§

ORR was defi ned as CR + PR and was assessed by independent 
review committee (IRC) according to RECIST v1.1.1

All results reviewed by an IRC.1,3

Advanced or Metastatic RET-Mutant MTC

Median DoR 
not yet reached

(95% CI: 19.1, NE); 
median follow-up: 14.1 months1,3

Median DoR 
not yet reached

(95% CI: NE, NE); 
median follow-up: 8.8 months1,3

Median DoR 
was 18.4 months

(95% CI: 7.6, NE); 
median follow-up: 17.5 months1,3

Median DoR 
was 17.5 months

(95% CI: 12, NE); 
median follow-up: 12.1 months1,3

Median DoR 
was 22.0 months

(95% CI: NE, NE); 
median follow-up: 7.8 months1,3

Metastatic RET Fusion-Positive NSCLC

Previously treated with platinum chemotherapy (n=105)Treatment naive (n=39)

Median DoR 
not yet reached

(95% CI: 12, NE); 
median follow-up: 7.4 months1,3

Advanced or Metastatic RET 
Fusion-Positive Thyroid Cancer (Non-MTC)

Previously treated 
with cabozantinib and/or 

vandetanib|| (n=55)
Cabozantinib/vandetanib 

treatment naive (n=88)

Retevmo® is a registered trademark owned or licensed by Eli Lilly and Company, its subsidiaries, or a�  liates.
PP-SE-US-0397    11/2020     © Lilly USA, LLC 2020.  All rights reserved. 

Previously treated§ (n=19)Systemic therapy naive‡ (n=8)

Responses in intracranial
lesions were observed in

10 of 11
previously treated patients 

with measurable brain metastases1†

CNS DoR was ≥6 months in all responders
with measurable brain metastases1†

No patients received radiation therapy to the 
brain within 2 months prior to study entry1

85% ORR1

(95% CI: 70, 94)
0% CR + 85% PR

100% ORR1

(95% CI: 63, 100)
12.5% CR + 88% PR

73% ORR1

(95% CI: 62, 82)
11% CR + 61% PR

69% ORR1

(95% CI: 55, 81)
9% CR + 60% PR

79% ORR1

(95% CI: 54, 94)
5.3% CR + 74% PR

64% ORR1

(95% CI: 54, 73)
1.9% CR + 62% PR

Please see Important Safety Information and Brief Summary of 
Prescribing Information for Retevmo on subsequent pages.

Adverse Reactions and Laboratory Abnormalities

•  The most common adverse reactions, including laboratory abnormalities, (≥25%) were increased aspartate aminotransferase (AST), 
increased alanine aminotransferase (ALT), increased glucose, decreased leukocytes, decreased albumin, decreased calcium, dry mouth, 
diarrhea, increased creatinine, increased alkaline phosphatase, hypertension, fatigue, edema, decreased platelets, increased total cholesterol, 
rash, decreased sodium, and constipation

•  Serious adverse reactions occurred in 33% of patients who received Retevmo. The most frequent serious adverse reaction (in ≥2% of 
patients) was pneumonia. Fatal adverse reactions occurred in 3% of patients; fatal adverse reactions which occurred in >1 patient included 
sepsis (n=3), cardiac arrest (n=3) and respiratory failure (n=3). Permanent discontinuation due to an adverse reaction occurred in 5% of 
patients who received Retevmo Adverse reactions resulting in permanent discontinuation in patients who received Retevmo included 
increased ALT (0.4%), sepsis (0.4%), increased AST (0.3%), drug hypersensitivity (0.3%), fatigue (0.3%), and thrombocytopenia (0.3%) 

•  Dose interruptions due to an adverse reaction occurred in 42% of patients who received Retevmo. Adverse reactions requiring dosage 
interruption in ≥2% of patients included ALT increased, AST increased, hypertension, diarrhea, pyrexia, and QT prolongation

•  Dose reductions due to an adverse reaction occurred in 31% of patients who received Retevmo. Adverse reactions 
requiring dosage reductions in ≥2% of patients included ALT increased, AST increased, QT prolongation, and fatigue

Retevmo is the fi rst precision oncology
treatment approved specifi cally for 
patients with certain RET-driven cancers.1,2
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Retevmo can cause concentration-dependent QT interval 
prolongation. An increase in QTcF interval to >500 ms was 
measured in 6% of patients and an increase in the QTcF interval 
of at least 60 ms over baseline was measured in 15% of patients. 
Retevmo has not been studied in patients with clinically significant 
active cardiovascular disease or recent myocardial infarction. 
Monitor patients who are at significant risk of developing QTc 
prolongation, including patients with known long QT syndromes, 
clinically significant bradyarrhythmias, and severe or uncontrolled 
heart failure. Assess QT interval, electrolytes and TSH at baseline and 
periodically during treatment, adjusting frequency based upon risk 
factors including diarrhea. Correct hypokalemia, hypomagnesemia 
and hypocalcemia prior to initiating Retevmo and during treatment. 
Monitor the QT interval more frequently when Retevmo is 
concomitantly administered with strong and moderate CYP3A 
inhibitors or drugs known to prolong QTc interval. Withhold and dose 
reduce or permanently discontinue Retevmo based on the severity.

Serious, including fatal, hemorrhagic events can occur with Retevmo. 
Grade ≥3 hemorrhagic events occurred in 2.3% of patients treated 
with Retevmo including 3 (0.4%) patients with fatal hemorrhagic events, 
including one case each of cerebral hemorrhage, tracheostomy site 
hemorrhage, and hemoptysis. Permanently discontinue Retevmo in 
patients with severe or life-threatening hemorrhage.

Hypersensitivity occurred in 4.3% of patients receiving  
Retevmo, including Grade 3 hypersensitivity in 1.6%. The  
median time to onset was 1.7 weeks (range 6 days to 1.5 years).  
Signs and symptoms of hypersensitivity included fever, rash and 
arthralgias or myalgias with concurrent decreased platelets or 
transaminitis. If hypersensitivity occurs, withhold Retevmo and  
begin corticosteroids at a dose of 1 mg/kg. Upon resolution  
of the event, resume Retevmo at a reduced dose and increase  
the dose of Retevmo by 1 dose level each week as tolerated  
until reaching the dose taken prior to onset of hypersensitivity. 
Continue steroids until patient reaches target dose and  
then taper. Permanently discontinue Retevmo for recurrent 
hypersensitivity. 

Impaired wound healing can occur in patients who receive drugs 
that inhibit the vascular endothelial growth factor (VEGF) signaling 
pathway. Therefore, Retevmo has the potential to adversely affect 
wound healing. Withhold Retevmo for at least 7 days prior to  
elective surgery. Do not administer for at least 2 weeks following 
major surgery and until adequate wound healing. The safety 
of resumption of Retevmo after resolution of wound healing 
complications has not been established.

Based on data from animal reproduction studies and its mechanism  
of action, Retevmo can cause fetal harm when administered to a 
pregnant woman. Administration of selpercatinib to pregnant rats  
during organogenesis at maternal exposures that were approximately 
equal to those observed at the recommended human dose of  
160 mg twice daily resulted in embryolethality and malformations. 
Advise pregnant women of the potential risk to a fetus. Advise  
females of reproductive potential and males with female partners  
of reproductive potential to use effective contraception during  
treatment with Retevmo and for at least 1 week after the final dose.  
There are no data on the presence of selpercatinib or its metabolites  
in human milk or on their effects on the breastfed child or on milk 
production. Because of the potential for serious adverse reactions in 
breastfed children, advise women not to breastfeed during treatment 
with Retevmo and for 1 week after the final dose. 

Severe adverse reactions (Grade 3-4) occurring in ≥15% of patients 
who received Retevmo in LIBRETTO-001, were hypertension (18%), 
prolonged QT interval (4%), diarrhea (3.4%), dyspnea (2.3%), fatigue  
(2%), abdominal pain (1.9%), hemorrhage (1.9%), headache (1.4%),  
rash (0.7%), constipation (0.6%), nausea (0.6%), vomiting (0.3%), and  
edema (0.3%). 

Serious adverse reactions occurred in 33% of patients who received 
Retevmo. The most frequently reported serious adverse reaction (in  
≥ 2% of patients) was pneumonia.

Fatal adverse reactions occurred in 3% of patients; fatal adverse 
reactions which occurred in >1 patient included sepsis (n=3), cardiac 
arrest (n=3) and respiratory failure (n=3).

Common adverse reactions (all grades) occurring in ≥15% of 
patients who received Retevmo in LIBRETTO-001, were dry mouth 
(39%), diarrhea (37%), hypertension (35%), fatigue (35%), edema  
(33%), rash (27%), constipation (25%), nausea (23%), abdominal pain 
(23%), headache (23%), cough (18%), prolonged QT interval (17%), 
dyspnea (16%), vomiting (15%), and hemorrhage (15%).

Laboratory abnormalities (all grades; Grade 3-4) ≥20% worsening 
from baseline in patients who received Retevmo in LIBRETTO-001, 
were AST increased (51%; 8%), ALT increased (45%; 9%), increased 
glucose (44%; 2.2%), decreased leukocytes (43%; 1.6%), decreased 
albumin (42%; 0.7%), decreased calcium (41%; 3.8%), increased 
creatinine (37%; 1.0%), increased alkaline phosphatase (36%; 2.3%), 
decreased platelets (33%; 2.7%), increased total cholesterol (31%; 0.1%), 
decreased sodium (27%; 7%), decreased magnesium (24%; 0.6%), 
increased potassium (24%; 1.2%), increased bilirubin (23%; 2.0%), and 
decreased glucose (22%; 0.7%).

Concomitant use of acid-reducing agents decreases selpercatinib 
plasma concentrations which may reduce Retevmo anti-tumor 
activity. Avoid concomitant use of proton-pump inhibitors (PPIs), 
histamine-2 (H2) receptor antagonists, and locally-acting antacids 
with Retevmo. If coadministration cannot be avoided, take Retevmo 
with food (with a PPI) or modify its administration time (with a H2 
receptor antagonist or a locally-acting antacid).

Concomitant use of strong and moderate CYP3A inhibitors increases 
selpercatinib plasma concentrations which may increase the risk of 
Retevmo adverse reactions including QTc interval prolongation.  
Avoid concomitant use of strong and moderate CYP3A inhibitors with 
Retevmo. If concomitant use of a strong or moderate CYP3A inhibitor 
cannot be avoided, reduce the Retevmo dosage as recommended 
and monitor the QT interval with ECGs more frequently. 

Concomitant use of strong and moderate CYP3A inducers decreases 
selpercatinib plasma concentrations which may reduce Retevmo 
anti-tumor activity. Avoid coadministration of Retevmo with strong 
and moderate CYP3A inducers. 

Concomitant use of Retevmo with CYP2C8 and CYP3A substrates 
increases their plasma concentrations which may increase the  
risk of adverse reactions related to these substrates. Avoid 
coadministration of Retevmo with CYP2C8 and CYP3A substrates 
where minimal concentration changes may lead to increased 
adverse reactions. If coadministration cannot be avoided, follow 
recommendations for CYP2C8 and CYP3A substrates provided in  
their approved product labeling.

The safety and effectiveness of Retevmo have not been established 
in pediatric patients less than 12 years of age. The safety and 
effectiveness of Retevmo have been established in pediatric patients 
aged 12 years and older for medullary thyroid cancer (MTC) who 
require systemic therapy and for advanced RET fusion-positive 
thyroid cancer who require systemic therapy and are radioactive 
iodine-refractory (if radioactive iodine is appropriate). Use of Retevmo 
for these indications is supported by evidence from adequate and 
well-controlled studies in adults with additional pharmacokinetic and 
safety data in pediatric patients aged 12 years and older.

No dosage modification is recommended for patients with mild to 
moderate renal impairment (creatinine clearance [CLcr] ≥30 mL/Min, 
estimated by Cockcroft-Gault). A recommended dosage has not  
been established for patients with severe renal impairment or end-
stage renal disease. 

Reduce the dose when administering Retevmo to patients with 
severe hepatic impairment (total bilirubin greater than 3 to 10 times 
upper limit of normal [ULN] and any AST). No dosage modification 
is recommended for patients with mild or moderate hepatic 
impairment. Monitor for Retevmo-related adverse reactions in 
patients with hepatic impairment.
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BRIEF SUMMARY: Consult the package insert for complete prescribing information.

INDICATIONS AND USAGE
RETEVMO (selpercatinib) is a kinase inhibitor indicated for the treatment of:

•  Adult patients with metastatic RET fusion-positive non-small cell lung cancer (NSCLC)
•  Adult and pediatric patients 12 years of age and older with advanced or metastatic  

RET-mutant medullary thyroid cancer (MTC) who require systemic therapy
•  Adult and pediatric patients 12 years of age and older with advanced or metastatic  

RET fusion-positive thyroid cancer who require systemic therapy are radioactive  
iodine-refractory (if radioactive iodine is appropriate)

These indications are approved under accelerated approval based on overall response rate and 
duration of response. Continued approval for these indications may be contingent upon verification 
and description of clinical benefit in confirmatory trials.

CONTRAINDICATIONS: None

WARNINGS AND PRECAUTIONS

Hepatotoxicity

Serious hepatic adverse reactions occurred in 2.6% of patients treated with RETEVMO. Increased AST 
occurred in 51% of patients, including Grade 3 or 4 events in 8% and increased ALT occurred in 45% 
of patients, including Grade 3 or 4 events in 9%. The median time to first onset for increased AST was 
4.1 weeks (range: 5 days to 2 years) and increased ALT was 4.1 weeks (range: 6 days to 1.5 years).

Monitor ALT and AST prior to initiating RETEVMO, every 2 weeks during the first 3 months, then 
monthly thereafter and as clinically indicated. Withhold, reduce dose or permanently discontinue 
RETEVMO based on the severity.

Hypertension

Hypertension occurred in 35% of patients, including Grade 3 hypertension in 17% and Grade 4 
in one (0.1%) patient. Overall, 4.6% had their dose interrupted and 1.3% had their dose reduced 
for hypertension. Treatment-emergent hypertension was most commonly managed with  
anti-hypertension medications. 

Do not initiate RETEVMO in patients with uncontrolled hypertension. Optimize blood pressure prior 
to initiating RETEVMO. Monitor blood pressure after 1 week, at least monthly thereafter and as 
clinically indicated. Initiate or adjust anti-hypertensive therapy as appropriate. Withhold, reduce 
dose, or permanently discontinue RETEVMO based on the severity.

QT Interval Prolongation

RETEVMO can cause concentration-dependent QT interval prolongation. An increase in QTcF 
interval to >500 ms was measured in 6% of patients and an increase in the QTcF interval of at 
least 60 ms over baseline was measured in 15% of patients. RETEVMO has not been studied in 
patients with clinically significant active cardiovascular disease or recent myocardial infarction.

Monitor patients who are at significant risk of developing QTc prolongation, including patients  
with known long QT syndromes, clinically significant bradyarrhythmias, and severe or uncontrolled 
heart failure. Assess QT interval, electrolytes and TSH at baseline and periodically during 
treatment, adjusting frequency based upon risk factors including diarrhea. Correct hypokalemia, 
hypomagnesemia and hypocalcemia prior to initiating RETEVMO and during treatment.  

Monitor the QT interval more frequently when RETEVMO is concomitantly administered with strong 
and moderate CYP3A inhibitors or drugs known to prolong QTc interval. Withhold and dose reduce 
or permanently discontinue RETEVMO based on the severity. 

Hemorrhagic Events

Serious including fatal hemorrhagic events can occur with RETEVMO. Grade ≥ 3 hemorrhagic 
events occurred in 2.3% of patients treated with RETEVMO including 3 (0.4%) patients with 
fatal hemorrhagic events, including one case each of cerebral hemorrhage, tracheostomy site 
hemorrhage, and hemoptysis. 

Permanently discontinue RETEVMO in patients with severe or life-threatening hemorrhage.  

Hypersensitivity

Hypersensitivity occurred in 4.3% of patients receiving RETEVMO, including Grade 3 hypersensitivity 
in 1.6%. The median time to onset was 1.7 weeks (range: 6 days to 1.5 years). Signs and symptoms 
of hypersensitivity included fever, rash and arthralgias or myalgias with concurrent decreased 
platelets or transaminitis.

If hypersensitivity occurs, withhold RETEVMO and begin corticosteroids at a dose of 1 mg/kg. Upon 
resolution of the event, resume RETEVMO at a reduced dose and increase the dose of RETEVMO by 
1 dose level each week as tolerated until reaching the dose taken prior to onset of hypersensitivity. 
Continue steroids until patient reaches target dose and then taper. Permanently discontinue 
RETEVMO for recurrent hypersensitivity.  

Risk of Impaired Wound Healing

Impaired wound healing can occur in patients who receive drugs that inhibit the vascular 
endothelial growth factor (VEGF) signaling pathway. Therefore, RETEVMO has the potential to 
adversely affect wound healing. 

Withhold RETEVMO for at least 7 days prior to elective surgery. Do not administer for at least 
2 weeks following major surgery and until adequate wound healing.  The safety of resumption of 
RETEVMO after resolution of wound healing complications has not been established.

Embryo-Fetal Toxicity 

Based on data from animal reproduction studies, and its mechanism of action, RETEVMO can 
cause fetal harm when administered to a pregnant woman. Administration of selpercatinib to 
pregnant rats during organogenesis at maternal exposures that were approximately equal to those 
observed at the recommended human dose of 160 mg twice daily resulted in embryolethality 
and malformations. Advise pregnant women of the potential risk to a fetus. Advise females of 
reproductive potential and males with female partners of reproductive potential to use effective 
contraception during treatment with RETEVMO and for at least 1 week after the final dose.

ADVERSE REACTIONS

Clinical Trial Experience

Because clinical trials are conducted under widely varying conditions, adverse reaction rates 
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical trials of 
another drug and may not reflect the rates observed in practice.

RET Gene Fusion or Gene Mutation Positive Solid Tumors

The pooled safety population described in the WARNINGS and PRECAUTIONS and below reflects 
exposure to RETEVMO as a single agent at 160 mg orally twice daily evaluated in 702 patients in 
LIBRETTO-001. Among 702 patients who received RETEVMO, 65% were exposed for 6 months or 
longer and 34% were exposed for greater than one year. Among these patients, 95% received at 
least one dose of RETEVMO at the recommended dosage of 160 mg orally twice daily.  

The median age was 59 years (range: 15 to 92 years); 0.3% were pediatric patients 12 to  
16 years of age; 52% were male; and 69% were White, 22% were Asian, 5% were Hispanic/Latino, 
and 3% were Black. The most common tumors were NSCLC (47%), MTC (44%), and non-medullary 
thyroid carcinoma (5%). 

Serious adverse reactions occurred in 33% of patients who received RETEVMO. The most frequent 
serious adverse reaction (in ≥ 2% of patients) was pneumonia. Fatal adverse reactions occurred 
in 3% of patients; fatal adverse reactions which occurred in > 1 patient included sepsis (n = 3), 
cardiac arrest (n = 3) and respiratory failure (n = 3).  

Permanent discontinuation due to an adverse reaction occurred in 5% of patients who received 
RETEVMO. Adverse reactions resulting in permanent discontinuation included increased ALT 
(0.4%), sepsis (0.4%), increased AST (0.3%), drug hypersensitivity (0.3%), fatigue (0.3%), and 
thrombocytopenia (0.3%). 

Dosage interruptions due to an adverse reaction occurred in 42% of patients who received 
RETEVMO. Adverse reactions requiring dosage interruption in > 2% of patients included 
ALT increased, AST increased, hypertension, diarrhea, pyrexia, and QT prolongation.

Dose reductions due to an adverse reaction occurred in 31% of patients who received RETEVMO. 
Adverse reactions requiring dosage reductions in > 2% of patients included ALT increased, AST 
increased, QT prolongation and fatigue.

The most common adverse reactions, including laboratory abnormalities, (≥ 25%) were increased 
aspartate aminotransferase (AST), increased alanine aminotransferase (ALT), increased glucose, 
decreased leukocytes, decreased albumin, decreased calcium, dry mouth, diarrhea, increased 
creatinine, increased alkaline phosphatase, hypertension, fatigue, edema, decreased platelets, 
increased total cholesterol, rash, decreased sodium, and constipation.

Table 1 summarizes the adverse reactions in LIBRETTO-001.

Table 1:  Adverse Reactions (>15%) in Patients Who Received RETEVMO in LIBRETTO-001

Adverse Reaction

RETEVMO
(n=702)

Grades 1-4
(%)

Grade 3-4 
(%)

Gastrointestinal 
Dry Mouth 39 0
Diarrhea1 37 3.4*

Constipation 25 0.6*

Nausea 23 0.6*

Abdominal pain2 23 1.9*

Vomiting 15 0.3*

Vascular 
Hypertension 35 18

IMPORTANT SAFETY INFORMATION FOR RETEVMO® (selpercatinib 40 mg, 80 mg capsules) (CONT’D)

Please see Brief Summary of Prescribing Information for Retevmo on subsequent pages.
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Retevmo can cause concentration-dependent QT interval 
prolongation. An increase in QTcF interval to >500 ms was 
measured in 6% of patients and an increase in the QTcF interval 
of at least 60 ms over baseline was measured in 15% of patients. 
Retevmo has not been studied in patients with clinically significant 
active cardiovascular disease or recent myocardial infarction. 
Monitor patients who are at significant risk of developing QTc 
prolongation, including patients with known long QT syndromes, 
clinically significant bradyarrhythmias, and severe or uncontrolled 
heart failure. Assess QT interval, electrolytes and TSH at baseline and 
periodically during treatment, adjusting frequency based upon risk 
factors including diarrhea. Correct hypokalemia, hypomagnesemia 
and hypocalcemia prior to initiating Retevmo and during treatment. 
Monitor the QT interval more frequently when Retevmo is 
concomitantly administered with strong and moderate CYP3A 
inhibitors or drugs known to prolong QTc interval. Withhold and dose 
reduce or permanently discontinue Retevmo based on the severity.

Serious, including fatal, hemorrhagic events can occur with Retevmo. 
Grade ≥3 hemorrhagic events occurred in 2.3% of patients treated 
with Retevmo including 3 (0.4%) patients with fatal hemorrhagic events, 
including one case each of cerebral hemorrhage, tracheostomy site 
hemorrhage, and hemoptysis. Permanently discontinue Retevmo in 
patients with severe or life-threatening hemorrhage.

Hypersensitivity occurred in 4.3% of patients receiving  
Retevmo, including Grade 3 hypersensitivity in 1.6%. The  
median time to onset was 1.7 weeks (range 6 days to 1.5 years).  
Signs and symptoms of hypersensitivity included fever, rash and 
arthralgias or myalgias with concurrent decreased platelets or 
transaminitis. If hypersensitivity occurs, withhold Retevmo and  
begin corticosteroids at a dose of 1 mg/kg. Upon resolution  
of the event, resume Retevmo at a reduced dose and increase  
the dose of Retevmo by 1 dose level each week as tolerated  
until reaching the dose taken prior to onset of hypersensitivity. 
Continue steroids until patient reaches target dose and  
then taper. Permanently discontinue Retevmo for recurrent 
hypersensitivity. 

Impaired wound healing can occur in patients who receive drugs 
that inhibit the vascular endothelial growth factor (VEGF) signaling 
pathway. Therefore, Retevmo has the potential to adversely affect 
wound healing. Withhold Retevmo for at least 7 days prior to  
elective surgery. Do not administer for at least 2 weeks following 
major surgery and until adequate wound healing. The safety 
of resumption of Retevmo after resolution of wound healing 
complications has not been established.

Based on data from animal reproduction studies and its mechanism  
of action, Retevmo can cause fetal harm when administered to a 
pregnant woman. Administration of selpercatinib to pregnant rats  
during organogenesis at maternal exposures that were approximately 
equal to those observed at the recommended human dose of  
160 mg twice daily resulted in embryolethality and malformations. 
Advise pregnant women of the potential risk to a fetus. Advise  
females of reproductive potential and males with female partners  
of reproductive potential to use effective contraception during  
treatment with Retevmo and for at least 1 week after the final dose.  
There are no data on the presence of selpercatinib or its metabolites  
in human milk or on their effects on the breastfed child or on milk 
production. Because of the potential for serious adverse reactions in 
breastfed children, advise women not to breastfeed during treatment 
with Retevmo and for 1 week after the final dose. 

Severe adverse reactions (Grade 3-4) occurring in ≥15% of patients 
who received Retevmo in LIBRETTO-001, were hypertension (18%), 
prolonged QT interval (4%), diarrhea (3.4%), dyspnea (2.3%), fatigue  
(2%), abdominal pain (1.9%), hemorrhage (1.9%), headache (1.4%),  
rash (0.7%), constipation (0.6%), nausea (0.6%), vomiting (0.3%), and  
edema (0.3%). 

Serious adverse reactions occurred in 33% of patients who received 
Retevmo. The most frequently reported serious adverse reaction (in  
≥ 2% of patients) was pneumonia.

Fatal adverse reactions occurred in 3% of patients; fatal adverse 
reactions which occurred in >1 patient included sepsis (n=3), cardiac 
arrest (n=3) and respiratory failure (n=3).

Common adverse reactions (all grades) occurring in ≥15% of 
patients who received Retevmo in LIBRETTO-001, were dry mouth 
(39%), diarrhea (37%), hypertension (35%), fatigue (35%), edema  
(33%), rash (27%), constipation (25%), nausea (23%), abdominal pain 
(23%), headache (23%), cough (18%), prolonged QT interval (17%), 
dyspnea (16%), vomiting (15%), and hemorrhage (15%).

Laboratory abnormalities (all grades; Grade 3-4) ≥20% worsening 
from baseline in patients who received Retevmo in LIBRETTO-001, 
were AST increased (51%; 8%), ALT increased (45%; 9%), increased 
glucose (44%; 2.2%), decreased leukocytes (43%; 1.6%), decreased 
albumin (42%; 0.7%), decreased calcium (41%; 3.8%), increased 
creatinine (37%; 1.0%), increased alkaline phosphatase (36%; 2.3%), 
decreased platelets (33%; 2.7%), increased total cholesterol (31%; 0.1%), 
decreased sodium (27%; 7%), decreased magnesium (24%; 0.6%), 
increased potassium (24%; 1.2%), increased bilirubin (23%; 2.0%), and 
decreased glucose (22%; 0.7%).

Concomitant use of acid-reducing agents decreases selpercatinib 
plasma concentrations which may reduce Retevmo anti-tumor 
activity. Avoid concomitant use of proton-pump inhibitors (PPIs), 
histamine-2 (H2) receptor antagonists, and locally-acting antacids 
with Retevmo. If coadministration cannot be avoided, take Retevmo 
with food (with a PPI) or modify its administration time (with a H2 
receptor antagonist or a locally-acting antacid).

Concomitant use of strong and moderate CYP3A inhibitors increases 
selpercatinib plasma concentrations which may increase the risk of 
Retevmo adverse reactions including QTc interval prolongation.  
Avoid concomitant use of strong and moderate CYP3A inhibitors with 
Retevmo. If concomitant use of a strong or moderate CYP3A inhibitor 
cannot be avoided, reduce the Retevmo dosage as recommended 
and monitor the QT interval with ECGs more frequently. 

Concomitant use of strong and moderate CYP3A inducers decreases 
selpercatinib plasma concentrations which may reduce Retevmo 
anti-tumor activity. Avoid coadministration of Retevmo with strong 
and moderate CYP3A inducers. 

Concomitant use of Retevmo with CYP2C8 and CYP3A substrates 
increases their plasma concentrations which may increase the  
risk of adverse reactions related to these substrates. Avoid 
coadministration of Retevmo with CYP2C8 and CYP3A substrates 
where minimal concentration changes may lead to increased 
adverse reactions. If coadministration cannot be avoided, follow 
recommendations for CYP2C8 and CYP3A substrates provided in  
their approved product labeling.

The safety and effectiveness of Retevmo have not been established 
in pediatric patients less than 12 years of age. The safety and 
effectiveness of Retevmo have been established in pediatric patients 
aged 12 years and older for medullary thyroid cancer (MTC) who 
require systemic therapy and for advanced RET fusion-positive 
thyroid cancer who require systemic therapy and are radioactive 
iodine-refractory (if radioactive iodine is appropriate). Use of Retevmo 
for these indications is supported by evidence from adequate and 
well-controlled studies in adults with additional pharmacokinetic and 
safety data in pediatric patients aged 12 years and older.

No dosage modification is recommended for patients with mild to 
moderate renal impairment (creatinine clearance [CLcr] ≥30 mL/Min, 
estimated by Cockcroft-Gault). A recommended dosage has not  
been established for patients with severe renal impairment or end-
stage renal disease. 

Reduce the dose when administering Retevmo to patients with 
severe hepatic impairment (total bilirubin greater than 3 to 10 times 
upper limit of normal [ULN] and any AST). No dosage modification 
is recommended for patients with mild or moderate hepatic 
impairment. Monitor for Retevmo-related adverse reactions in 
patients with hepatic impairment.
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BRIEF SUMMARY: Consult the package insert for complete prescribing information.

INDICATIONS AND USAGE
RETEVMO (selpercatinib) is a kinase inhibitor indicated for the treatment of:

•  Adult patients with metastatic RET fusion-positive non-small cell lung cancer (NSCLC)
•  Adult and pediatric patients 12 years of age and older with advanced or metastatic  

RET-mutant medullary thyroid cancer (MTC) who require systemic therapy
•  Adult and pediatric patients 12 years of age and older with advanced or metastatic  

RET fusion-positive thyroid cancer who require systemic therapy are radioactive  
iodine-refractory (if radioactive iodine is appropriate)

These indications are approved under accelerated approval based on overall response rate and 
duration of response. Continued approval for these indications may be contingent upon verification 
and description of clinical benefit in confirmatory trials.

CONTRAINDICATIONS: None

WARNINGS AND PRECAUTIONS

Hepatotoxicity

Serious hepatic adverse reactions occurred in 2.6% of patients treated with RETEVMO. Increased AST 
occurred in 51% of patients, including Grade 3 or 4 events in 8% and increased ALT occurred in 45% 
of patients, including Grade 3 or 4 events in 9%. The median time to first onset for increased AST was 
4.1 weeks (range: 5 days to 2 years) and increased ALT was 4.1 weeks (range: 6 days to 1.5 years).

Monitor ALT and AST prior to initiating RETEVMO, every 2 weeks during the first 3 months, then 
monthly thereafter and as clinically indicated. Withhold, reduce dose or permanently discontinue 
RETEVMO based on the severity.

Hypertension

Hypertension occurred in 35% of patients, including Grade 3 hypertension in 17% and Grade 4 
in one (0.1%) patient. Overall, 4.6% had their dose interrupted and 1.3% had their dose reduced 
for hypertension. Treatment-emergent hypertension was most commonly managed with  
anti-hypertension medications. 

Do not initiate RETEVMO in patients with uncontrolled hypertension. Optimize blood pressure prior 
to initiating RETEVMO. Monitor blood pressure after 1 week, at least monthly thereafter and as 
clinically indicated. Initiate or adjust anti-hypertensive therapy as appropriate. Withhold, reduce 
dose, or permanently discontinue RETEVMO based on the severity.

QT Interval Prolongation

RETEVMO can cause concentration-dependent QT interval prolongation. An increase in QTcF 
interval to >500 ms was measured in 6% of patients and an increase in the QTcF interval of at 
least 60 ms over baseline was measured in 15% of patients. RETEVMO has not been studied in 
patients with clinically significant active cardiovascular disease or recent myocardial infarction.

Monitor patients who are at significant risk of developing QTc prolongation, including patients  
with known long QT syndromes, clinically significant bradyarrhythmias, and severe or uncontrolled 
heart failure. Assess QT interval, electrolytes and TSH at baseline and periodically during 
treatment, adjusting frequency based upon risk factors including diarrhea. Correct hypokalemia, 
hypomagnesemia and hypocalcemia prior to initiating RETEVMO and during treatment.  

Monitor the QT interval more frequently when RETEVMO is concomitantly administered with strong 
and moderate CYP3A inhibitors or drugs known to prolong QTc interval. Withhold and dose reduce 
or permanently discontinue RETEVMO based on the severity. 

Hemorrhagic Events

Serious including fatal hemorrhagic events can occur with RETEVMO. Grade ≥ 3 hemorrhagic 
events occurred in 2.3% of patients treated with RETEVMO including 3 (0.4%) patients with 
fatal hemorrhagic events, including one case each of cerebral hemorrhage, tracheostomy site 
hemorrhage, and hemoptysis. 

Permanently discontinue RETEVMO in patients with severe or life-threatening hemorrhage.  

Hypersensitivity

Hypersensitivity occurred in 4.3% of patients receiving RETEVMO, including Grade 3 hypersensitivity 
in 1.6%. The median time to onset was 1.7 weeks (range: 6 days to 1.5 years). Signs and symptoms 
of hypersensitivity included fever, rash and arthralgias or myalgias with concurrent decreased 
platelets or transaminitis.

If hypersensitivity occurs, withhold RETEVMO and begin corticosteroids at a dose of 1 mg/kg. Upon 
resolution of the event, resume RETEVMO at a reduced dose and increase the dose of RETEVMO by 
1 dose level each week as tolerated until reaching the dose taken prior to onset of hypersensitivity. 
Continue steroids until patient reaches target dose and then taper. Permanently discontinue 
RETEVMO for recurrent hypersensitivity.  

Risk of Impaired Wound Healing

Impaired wound healing can occur in patients who receive drugs that inhibit the vascular 
endothelial growth factor (VEGF) signaling pathway. Therefore, RETEVMO has the potential to 
adversely affect wound healing. 

Withhold RETEVMO for at least 7 days prior to elective surgery. Do not administer for at least 
2 weeks following major surgery and until adequate wound healing.  The safety of resumption of 
RETEVMO after resolution of wound healing complications has not been established.

Embryo-Fetal Toxicity 

Based on data from animal reproduction studies, and its mechanism of action, RETEVMO can 
cause fetal harm when administered to a pregnant woman. Administration of selpercatinib to 
pregnant rats during organogenesis at maternal exposures that were approximately equal to those 
observed at the recommended human dose of 160 mg twice daily resulted in embryolethality 
and malformations. Advise pregnant women of the potential risk to a fetus. Advise females of 
reproductive potential and males with female partners of reproductive potential to use effective 
contraception during treatment with RETEVMO and for at least 1 week after the final dose.

ADVERSE REACTIONS

Clinical Trial Experience

Because clinical trials are conducted under widely varying conditions, adverse reaction rates 
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical trials of 
another drug and may not reflect the rates observed in practice.

RET Gene Fusion or Gene Mutation Positive Solid Tumors

The pooled safety population described in the WARNINGS and PRECAUTIONS and below reflects 
exposure to RETEVMO as a single agent at 160 mg orally twice daily evaluated in 702 patients in 
LIBRETTO-001. Among 702 patients who received RETEVMO, 65% were exposed for 6 months or 
longer and 34% were exposed for greater than one year. Among these patients, 95% received at 
least one dose of RETEVMO at the recommended dosage of 160 mg orally twice daily.  

The median age was 59 years (range: 15 to 92 years); 0.3% were pediatric patients 12 to  
16 years of age; 52% were male; and 69% were White, 22% were Asian, 5% were Hispanic/Latino, 
and 3% were Black. The most common tumors were NSCLC (47%), MTC (44%), and non-medullary 
thyroid carcinoma (5%). 

Serious adverse reactions occurred in 33% of patients who received RETEVMO. The most frequent 
serious adverse reaction (in ≥ 2% of patients) was pneumonia. Fatal adverse reactions occurred 
in 3% of patients; fatal adverse reactions which occurred in > 1 patient included sepsis (n = 3), 
cardiac arrest (n = 3) and respiratory failure (n = 3).  

Permanent discontinuation due to an adverse reaction occurred in 5% of patients who received 
RETEVMO. Adverse reactions resulting in permanent discontinuation included increased ALT 
(0.4%), sepsis (0.4%), increased AST (0.3%), drug hypersensitivity (0.3%), fatigue (0.3%), and 
thrombocytopenia (0.3%). 

Dosage interruptions due to an adverse reaction occurred in 42% of patients who received 
RETEVMO. Adverse reactions requiring dosage interruption in > 2% of patients included 
ALT increased, AST increased, hypertension, diarrhea, pyrexia, and QT prolongation.

Dose reductions due to an adverse reaction occurred in 31% of patients who received RETEVMO. 
Adverse reactions requiring dosage reductions in > 2% of patients included ALT increased, AST 
increased, QT prolongation and fatigue.

The most common adverse reactions, including laboratory abnormalities, (≥ 25%) were increased 
aspartate aminotransferase (AST), increased alanine aminotransferase (ALT), increased glucose, 
decreased leukocytes, decreased albumin, decreased calcium, dry mouth, diarrhea, increased 
creatinine, increased alkaline phosphatase, hypertension, fatigue, edema, decreased platelets, 
increased total cholesterol, rash, decreased sodium, and constipation.

Table 1 summarizes the adverse reactions in LIBRETTO-001.

Table 1:  Adverse Reactions (>15%) in Patients Who Received RETEVMO in LIBRETTO-001

Adverse Reaction

RETEVMO
(n=702)

Grades 1-4
(%)

Grade 3-4 
(%)

Gastrointestinal 
Dry Mouth 39 0
Diarrhea1 37 3.4*

Constipation 25 0.6*

Nausea 23 0.6*

Abdominal pain2 23 1.9*

Vomiting 15 0.3*

Vascular 
Hypertension 35 18

IMPORTANT SAFETY INFORMATION FOR RETEVMO® (selpercatinib 40 mg, 80 mg capsules) (CONT’D)

Please see Brief Summary of Prescribing Information for Retevmo on subsequent pages.
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Adverse Reaction

RETEVMO
(n=702)

Grades 1-4
(%)

Grade 3-4 
(%)

General
Fatigue3 35 2*

Edema4 33 0.3*

Skin
Rash5 27 0.7*

Nervous System 
Headache6 23 1.4*

Respiratory 
Cough7 18 0

Dyspnea8 16 2.3
Investigations
Prolonged QT interval 17 4*

Blood and Lymphatic System
Hemorrhage9 15 1.9
1 Diarrhea includes diarrhea, defecation urgency, frequent bowel movements, and 
anal incontinence

2 Abdominal pain includes abdominal pain, abdominal pain upper, abdominal pain lower, abdominal 
discomfort, gastrointestinal pain

3 Fatigue includes fatigue, asthenia, malaise.
4 Edema includes edema, edema peripheral, face edema, eye edema, eyelid edema, generalized 
edema, localized edema, lymph edema, scrotal edema, peripheral swelling, scrotal swelling, 
swelling, swelling face, eye swelling, peripheral swelling

5 Includes rash, rash erythematous, rash macular, rash maculopapular, rash morbilliform, 
rash pruritic

6 Headache includes headache, sinus headache, tension headache, 
7 Includes cough, productive cough
8 Includes dyspnea, dyspnea exertional, dyspnea at rest
9 Hemorrhage includes epistaxis, hematuria, hemoptysis, contusion, rectal hemorrhage, vaginal 
hemorrhage, ecchymosis, hematochezia, petechiae, traumatic hematoma, anal hemorrhage, 
blood blister, blood urine present, cerebral hemorrhage, gastric hemorrhage, hemorrhage 
intracranial, spontaneous hematoma, abdominal wall hematoma, angina bullosa hemorrhagica, 
diverticulum intestinal hemorrhagic, eye hemorrhage, gastrointestinal hemorrhage, gingival 
bleeding, hematemesis, hemorrhagic anemia, intraabdominal hemorrhage, lower gastrointestinal 
hemorrhage, melena, mouth hemorrhage, occult blood positive, pelvic hematoma, periorbital 
hematoma, pharyngeal hemorrhage, pulmonary contusion, purpura, retroperitoneal hematoma, 
subarachnoid hemorrhage, subdural hemorrhage, upper gastrointestinal hemorrhage, vessel 
puncture site hematoma

* Only includes a grade 3 adverse reaction.

Clinically relevant adverse reactions in <15% of patients who received RETEVMO include 
hypothyroidism (9%).

Table 2 summarizes the laboratory abnormalities in LIBRETTO-001.

Table 2:  Select Laboratory Abnormalities (≥ 20%) Worsening from Baseline in Patients Who 
Received RETEVMO in LIBRETTO-001

Laboratory Abnormality RETEVMO1

Grades 1-4 (%) Grades 3-4 (%)  
Chemistry
Increased AST 51 8

Increased ALT 45 9

Increased glucose 44 2.2

Decreased albumin 42 0.7

Decreased calcium 41 3.8

Increased creatinine 37 1.0

Increased alkaline phosphatase 36 2.3

Increased total cholesterol 31 0.1

Decreased sodium 27 7

Decreased magnesium 24 0.6

Increased potassium 24 1.2

Increased bilirubin 23 2.0

Decreased glucose 22 0.7

Hematology
Decreased leukocytes 43 1.6

Decreased platelets 33 2.7
1  Denominator for each laboratory parameter is based on the number of patients with a baseline 

and post-treatment laboratory value available, which ranged from 675 to 692 patients.

Increased Creatinine 

In healthy subjects administered RETEVMO 160 mg orally twice daily, serum creatinine increased 
18% after 10 days.  Consider alternative markers of renal function if persistent elevations in serum 
creatinine are observed.

DRUG INTERACTIONS

Effects of Other Drugs on RETEVMO

Acid-Reducing Agents

Concomitant use of RETEVMO with acid-reducing agents decreases selpercatinib plasma 
concentrations, which may reduce RETEVMO anti-tumor activity. Avoid concomitant use of PPIs, 
H2 receptor antagonists, and locally acting antacids with RETEVMO. If coadministration cannot be 
avoided, take RETEVMO with food (with a PPI) or modify its administration time (with a H2 receptor 
antagonist or a locally acting antacid). 

Strong and Moderate CYP3A Inhibitors

Concomitant use of RETEVMO with a strong or moderate CYP3A inhibitor increases selpercatinib 
plasma concentrations, which may increase the risk of RETEVMO adverse reactions, including 
QTc interval prolongation. Avoid concomitant use of strong and moderate CYP3A inhibitors with 
RETEVMO. If concomitant use of strong and moderate CYP3A inhibitors cannot be avoided, reduce 
the RETEVMO dosage and monitor the QT interval with ECGs more frequently.

Strong and Moderate CYP3A Inducers

Concomitant use of RETEVMO with a strong or moderate CYP3A inducer decreases selpercatinib 
plasma concentrations, which may reduce RETEVMO anti-tumor activity. Avoid coadministration of 
strong or moderate CYP3A inducers with RETEVMO.

Effects of RETEVMO on Other Drugs

CYP2C8 and CYP3A Substrates

RETEVMO is a moderate CYP2C8 inhibitor and a weak CYP3A inhibitor. Concomitant use of 
RETEVMO with CYP2C8 and CYP3A substrates increases their plasma concentrations, which 
may increase the risk of adverse reactions related to these substrates. Avoid coadministration of 
RETEVMO with CYP2C8 and CYP3A substrates where minimal concentration changes may lead to 
increased adverse reactions. If coadministration cannot be avoided, follow recommendations for 
CYP2C8 and CYP3A substrates provided in their approved product labeling.

Drugs that Prolong QT Interval

RETEVMO is associated with QTc interval prolongation. Monitor the QT interval with ECGs more 
frequently in patients who require treatment with concomitant medications known to prolong  
the QT interval.

USE IN SPECIFIC POPULATIONS

Pregnancy

Risk Summary

Based on findings from animal studies, and its mechanism of action, RETEVMO can cause fetal 
harm when administered to a pregnant woman. There are no available data on RETEVMO use in 
pregnant women to inform drug-associated risk. Administration of selpercatinib to pregnant rats 
during the period of organogenesis resulted in embryolethality and malformations at maternal 
exposures that were approximately equal to the human exposure at the clinical dose of 160 mg 
twice daily. Advise pregnant women of the potential risk to a fetus. 

In the U.S. general population, the estimated background risk of major birth defects and 
miscarriage in clinically recognized pregnancies is 2% to 4% and 15% to 20%, respectively.

Data

Animal Data

Selpercatinib administration to pregnant rats during the period of organogenesis at oral doses 
≥ 100 mg/kg [approximately 3.6 times the human exposure based on the area under the curve 
(AUC) at the clinical dose of 160 mg twice daily] resulted in 100% post-implantation loss. At 
the dose of 50 mg/kg [approximately equal to the human exposure (AUC) at the clinical dose of 
160 mg twice daily], 6 of 8 females had 100% early resorptions; the remaining 2 females had 
high levels of early resorptions with only 3 viable fetuses across the 2 litters. All viable fetuses had 
decreased fetal body weight and malformations (2 with short tail and one with small snout and 
localized edema of the neck and thorax). 

Lactation

Risk Summary

There are no data on the presence of selpercatinib or its metabolites in human milk or on their 
effects on the breastfed child or on milk production. Because of the potential for serious adverse 
reactions in breastfed children, advise women not to breastfeed during treatment with RETEVMO 
and for 1 week after the final dose.

Table 1:  Adverse Reactions (>15%) in Patients Who Received RETEVMO in LIBRETTO-001 (Cont.)
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Females and Males of Reproductive Potential

Based on animal data, RETEVMO can cause embryolethality and malformations at doses resulting 
in exposures less than or equal to the human exposure at the clinical dose of 160 mg twice daily.

Pregnancy Testing

Verify pregnancy status in females of reproductive potential prior to initiating RETEVMO.

Contraception

Females

Advise female patients of reproductive potential to use effective contraception during treatment 
with RETEVMO and for 1 week after the final dose. 

Males

Advise males with female partners of reproductive potential to use effective contraception during 
treatment with RETEVMO and for 1 week after the final dose. 

Infertility

RETEVMO may impair fertility in females and males of reproductive potential.

Pediatric Use

The safety and effectiveness of RETEVMO have been established in pediatric patients aged 
12 years and older for medullary thyroid cancer (MTC) who require systemic therapy and for 
advanced RET fusion-positive thyroid cancer who require systemic therapy and are radioactive 
iodine-refractory (if radioactive iodine is appropriate).  Use of RETEVMO for these indications 
is supported by evidence from adequate and well-controlled studies in adults with additional 
pharmacokinetic and safety data in pediatric patients aged 12 years and older. The safety and 
effectiveness of RETEVMO have not been established in these indications in patients less than 
12 years of age. 

The safety and effectiveness of RETEVMO have not been established in pediatric patients for 
other indications.

Animal Toxicity Data

In 4-week general toxicology studies in rats, animals showed signs of physeal hypertrophy and 
tooth dysplasia at doses resulting in exposures ≥ approximately 3 times the human exposure at the 
160 mg twice daily clinical dose.  Minipigs also showed signs of minimal to marked increases in 
physeal thickness at the 15 mg/kg high dose level (approximately 0.3 times the human exposure 
at the 160 mg twice daily clinical dose).  Rats in both the 4- and 13-week toxicology studies had 
malocclusion and tooth discoloration at the high dose levels (≥1.5 times the human exposure at the 
160 mg twice daily clinical dose) that persisted during the recovery period.

Geriatric Use

Of 702 patients who received RETEVMO, 34% (239 patients) were ≥ 65 years of age and 10% 
(67 patients) were ≥ 75 years of age. No overall differences were observed in the safety or 
effectiveness of RETEVMO between patients who were ≥65 years of age and younger patients. 

Renal Impairment

No dosage modification is recommended for patients with mild to moderate renal impairment 
(creatinine clearance [CLcr] >30 mL/min, estimated by Cockcroft-Gault). The recommended 
dosage has not been established for patients with severe renal impairment (CLcr <30 mL/min) or 
end-stage renal disease.

Hepatic Impairment

Reduce the dose when administering RETEVMO to patients with severe [total bilirubin greater 
than 3 to 10 times upper limit of normal (ULN) and any AST] hepatic impairment. No dosage 
modification is recommended for patients with mild (total bilirubin less than or equal to ULN with 
AST greater than ULN or total bilirubin greater than 1 to 1.5 times ULN with any AST) or moderate 
(total bilirubin greater than 1.5 to 3 times ULN and any AST) hepatic impairment. Monitor for 
RETEVMO-related adverse reactions in patients with hepatic impairment.

Rx only.  

Additional information can be found at www.retevmo.com.

Eli Lilly and Company, Indianapolis, IN 46285, USA
Copyright ©2020, Eli Lilly and Company. All rights reserved.
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Adverse Reaction

RETEVMO
(n=702)

Grades 1-4
(%)

Grade 3-4 
(%)

General
Fatigue3 35 2*

Edema4 33 0.3*

Skin
Rash5 27 0.7*

Nervous System 
Headache6 23 1.4*

Respiratory 
Cough7 18 0

Dyspnea8 16 2.3
Investigations
Prolonged QT interval 17 4*

Blood and Lymphatic System
Hemorrhage9 15 1.9
1 Diarrhea includes diarrhea, defecation urgency, frequent bowel movements, and 
anal incontinence

2 Abdominal pain includes abdominal pain, abdominal pain upper, abdominal pain lower, abdominal 
discomfort, gastrointestinal pain

3 Fatigue includes fatigue, asthenia, malaise.
4 Edema includes edema, edema peripheral, face edema, eye edema, eyelid edema, generalized 
edema, localized edema, lymph edema, scrotal edema, peripheral swelling, scrotal swelling, 
swelling, swelling face, eye swelling, peripheral swelling

5 Includes rash, rash erythematous, rash macular, rash maculopapular, rash morbilliform, 
rash pruritic

6 Headache includes headache, sinus headache, tension headache, 
7 Includes cough, productive cough
8 Includes dyspnea, dyspnea exertional, dyspnea at rest
9 Hemorrhage includes epistaxis, hematuria, hemoptysis, contusion, rectal hemorrhage, vaginal 
hemorrhage, ecchymosis, hematochezia, petechiae, traumatic hematoma, anal hemorrhage, 
blood blister, blood urine present, cerebral hemorrhage, gastric hemorrhage, hemorrhage 
intracranial, spontaneous hematoma, abdominal wall hematoma, angina bullosa hemorrhagica, 
diverticulum intestinal hemorrhagic, eye hemorrhage, gastrointestinal hemorrhage, gingival 
bleeding, hematemesis, hemorrhagic anemia, intraabdominal hemorrhage, lower gastrointestinal 
hemorrhage, melena, mouth hemorrhage, occult blood positive, pelvic hematoma, periorbital 
hematoma, pharyngeal hemorrhage, pulmonary contusion, purpura, retroperitoneal hematoma, 
subarachnoid hemorrhage, subdural hemorrhage, upper gastrointestinal hemorrhage, vessel 
puncture site hematoma

* Only includes a grade 3 adverse reaction.

Clinically relevant adverse reactions in <15% of patients who received RETEVMO include 
hypothyroidism (9%).

Table 2 summarizes the laboratory abnormalities in LIBRETTO-001.

Table 2:  Select Laboratory Abnormalities (≥ 20%) Worsening from Baseline in Patients Who 
Received RETEVMO in LIBRETTO-001

Laboratory Abnormality RETEVMO1

Grades 1-4 (%) Grades 3-4 (%)  
Chemistry
Increased AST 51 8

Increased ALT 45 9

Increased glucose 44 2.2

Decreased albumin 42 0.7

Decreased calcium 41 3.8

Increased creatinine 37 1.0

Increased alkaline phosphatase 36 2.3

Increased total cholesterol 31 0.1

Decreased sodium 27 7

Decreased magnesium 24 0.6

Increased potassium 24 1.2

Increased bilirubin 23 2.0

Decreased glucose 22 0.7

Hematology
Decreased leukocytes 43 1.6

Decreased platelets 33 2.7
1  Denominator for each laboratory parameter is based on the number of patients with a baseline 

and post-treatment laboratory value available, which ranged from 675 to 692 patients.

Increased Creatinine 

In healthy subjects administered RETEVMO 160 mg orally twice daily, serum creatinine increased 
18% after 10 days.  Consider alternative markers of renal function if persistent elevations in serum 
creatinine are observed.

DRUG INTERACTIONS

Effects of Other Drugs on RETEVMO

Acid-Reducing Agents

Concomitant use of RETEVMO with acid-reducing agents decreases selpercatinib plasma 
concentrations, which may reduce RETEVMO anti-tumor activity. Avoid concomitant use of PPIs, 
H2 receptor antagonists, and locally acting antacids with RETEVMO. If coadministration cannot be 
avoided, take RETEVMO with food (with a PPI) or modify its administration time (with a H2 receptor 
antagonist or a locally acting antacid). 

Strong and Moderate CYP3A Inhibitors

Concomitant use of RETEVMO with a strong or moderate CYP3A inhibitor increases selpercatinib 
plasma concentrations, which may increase the risk of RETEVMO adverse reactions, including 
QTc interval prolongation. Avoid concomitant use of strong and moderate CYP3A inhibitors with 
RETEVMO. If concomitant use of strong and moderate CYP3A inhibitors cannot be avoided, reduce 
the RETEVMO dosage and monitor the QT interval with ECGs more frequently.

Strong and Moderate CYP3A Inducers

Concomitant use of RETEVMO with a strong or moderate CYP3A inducer decreases selpercatinib 
plasma concentrations, which may reduce RETEVMO anti-tumor activity. Avoid coadministration of 
strong or moderate CYP3A inducers with RETEVMO.

Effects of RETEVMO on Other Drugs

CYP2C8 and CYP3A Substrates

RETEVMO is a moderate CYP2C8 inhibitor and a weak CYP3A inhibitor. Concomitant use of 
RETEVMO with CYP2C8 and CYP3A substrates increases their plasma concentrations, which 
may increase the risk of adverse reactions related to these substrates. Avoid coadministration of 
RETEVMO with CYP2C8 and CYP3A substrates where minimal concentration changes may lead to 
increased adverse reactions. If coadministration cannot be avoided, follow recommendations for 
CYP2C8 and CYP3A substrates provided in their approved product labeling.

Drugs that Prolong QT Interval

RETEVMO is associated with QTc interval prolongation. Monitor the QT interval with ECGs more 
frequently in patients who require treatment with concomitant medications known to prolong  
the QT interval.

USE IN SPECIFIC POPULATIONS

Pregnancy

Risk Summary

Based on findings from animal studies, and its mechanism of action, RETEVMO can cause fetal 
harm when administered to a pregnant woman. There are no available data on RETEVMO use in 
pregnant women to inform drug-associated risk. Administration of selpercatinib to pregnant rats 
during the period of organogenesis resulted in embryolethality and malformations at maternal 
exposures that were approximately equal to the human exposure at the clinical dose of 160 mg 
twice daily. Advise pregnant women of the potential risk to a fetus. 

In the U.S. general population, the estimated background risk of major birth defects and 
miscarriage in clinically recognized pregnancies is 2% to 4% and 15% to 20%, respectively.

Data

Animal Data

Selpercatinib administration to pregnant rats during the period of organogenesis at oral doses 
≥ 100 mg/kg [approximately 3.6 times the human exposure based on the area under the curve 
(AUC) at the clinical dose of 160 mg twice daily] resulted in 100% post-implantation loss. At 
the dose of 50 mg/kg [approximately equal to the human exposure (AUC) at the clinical dose of 
160 mg twice daily], 6 of 8 females had 100% early resorptions; the remaining 2 females had 
high levels of early resorptions with only 3 viable fetuses across the 2 litters. All viable fetuses had 
decreased fetal body weight and malformations (2 with short tail and one with small snout and 
localized edema of the neck and thorax). 

Lactation

Risk Summary

There are no data on the presence of selpercatinib or its metabolites in human milk or on their 
effects on the breastfed child or on milk production. Because of the potential for serious adverse 
reactions in breastfed children, advise women not to breastfeed during treatment with RETEVMO 
and for 1 week after the final dose.

Table 1:  Adverse Reactions (>15%) in Patients Who Received RETEVMO in LIBRETTO-001 (Cont.)
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Females and Males of Reproductive Potential

Based on animal data, RETEVMO can cause embryolethality and malformations at doses resulting 
in exposures less than or equal to the human exposure at the clinical dose of 160 mg twice daily.

Pregnancy Testing

Verify pregnancy status in females of reproductive potential prior to initiating RETEVMO.

Contraception

Females

Advise female patients of reproductive potential to use effective contraception during treatment 
with RETEVMO and for 1 week after the final dose. 

Males

Advise males with female partners of reproductive potential to use effective contraception during 
treatment with RETEVMO and for 1 week after the final dose. 

Infertility

RETEVMO may impair fertility in females and males of reproductive potential.

Pediatric Use

The safety and effectiveness of RETEVMO have been established in pediatric patients aged 
12 years and older for medullary thyroid cancer (MTC) who require systemic therapy and for 
advanced RET fusion-positive thyroid cancer who require systemic therapy and are radioactive 
iodine-refractory (if radioactive iodine is appropriate).  Use of RETEVMO for these indications 
is supported by evidence from adequate and well-controlled studies in adults with additional 
pharmacokinetic and safety data in pediatric patients aged 12 years and older. The safety and 
effectiveness of RETEVMO have not been established in these indications in patients less than 
12 years of age. 

The safety and effectiveness of RETEVMO have not been established in pediatric patients for 
other indications.

Animal Toxicity Data

In 4-week general toxicology studies in rats, animals showed signs of physeal hypertrophy and 
tooth dysplasia at doses resulting in exposures ≥ approximately 3 times the human exposure at the 
160 mg twice daily clinical dose.  Minipigs also showed signs of minimal to marked increases in 
physeal thickness at the 15 mg/kg high dose level (approximately 0.3 times the human exposure 
at the 160 mg twice daily clinical dose).  Rats in both the 4- and 13-week toxicology studies had 
malocclusion and tooth discoloration at the high dose levels (≥1.5 times the human exposure at the 
160 mg twice daily clinical dose) that persisted during the recovery period.

Geriatric Use

Of 702 patients who received RETEVMO, 34% (239 patients) were ≥ 65 years of age and 10% 
(67 patients) were ≥ 75 years of age. No overall differences were observed in the safety or 
effectiveness of RETEVMO between patients who were ≥65 years of age and younger patients. 

Renal Impairment

No dosage modification is recommended for patients with mild to moderate renal impairment 
(creatinine clearance [CLcr] >30 mL/min, estimated by Cockcroft-Gault). The recommended 
dosage has not been established for patients with severe renal impairment (CLcr <30 mL/min) or 
end-stage renal disease.

Hepatic Impairment

Reduce the dose when administering RETEVMO to patients with severe [total bilirubin greater 
than 3 to 10 times upper limit of normal (ULN) and any AST] hepatic impairment. No dosage 
modification is recommended for patients with mild (total bilirubin less than or equal to ULN with 
AST greater than ULN or total bilirubin greater than 1 to 1.5 times ULN with any AST) or moderate 
(total bilirubin greater than 1.5 to 3 times ULN and any AST) hepatic impairment. Monitor for 
RETEVMO-related adverse reactions in patients with hepatic impairment.

Rx only.  

Additional information can be found at www.retevmo.com.

Eli Lilly and Company, Indianapolis, IN 46285, USA
Copyright ©2020, Eli Lilly and Company. All rights reserved.
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Triplet Combinations Show Promise  
in Managing Early Relapse in Multiple Myeloma
by KYLE DOHERTY

ALTHOUGH IT IS STILL TRUE that not 
every case of relapsed multiple myeloma 
(MM) warrants immediate therapy, trip-
let combinations have made significant 
headway as effective treatment options 
for patients with early relapsed MM, 
according to data presented 
by Ajai Chari, MD, at the 25th 
Annual International Congress on 
Hematologic Malignancies®: Focus 
on Leukemias, Lymphomas, and 
Myeloma hosted by Physicians’ 
Education Resource®, LLC (PER®).

“We see diminishing returns in 
relapsed disease,” explained Chari, 
professor of medicine, director of clinical 
research for the Multiple Myeloma Program 
at Mount Sinai’s Icahn School of Medicine, 
and associate director of clinical research 
at Mount Sinai Cancer Clinical Trials Office 
in New York, New York. “We can use hazard 
ratios to help guide therapy and selecting 
the proper treatment backbone is essential.”

Overall, the literature shows that the 
experimental triplet therapies performed 
better than their control doublets. Chari 
explained that selection of combination 
therapies, such as proteasome inhibitors or 
immunomodulatory drugs with treatment 

backbones, must take into consideration 
prior treatments, patient demographics, and 
disease burden.1

Novel triplet regimens utilizing a lena-
lidomide (Revlimid) backbone showed an 
improved median progression-free survival 

(PFS) compared with lenalido-
mide plus dexamethasone (Rd) in 
phase 3 clinical trials (FIGURE2-5). 
In the TOURMALINE-MM1 trial 
(NCT01564537), the median 
PFS in the experimental protea-
some inhibitor ixazomib (Ninlaro) 
plus Rd arm was 21.0 months 
vs 14.7 months with Rd alone 

(HR, 0.74; 95% CI, 0.59-0.94).2

In ASPIRE (NCT01080391), the median 
PFS was 26.1 months in the carfilzomib 
(Kyprolis) plus Rd group (KRd) compared 
with 16.6 months for Rd alone (HR, 0.66; 
95% CI, 0.55-0.78).3 Data from ELOQUENT-2 
(NCT01239797) showed that median PFS was 
19.0 months with elotuzumab (Empliciti), 
an anti-CS1 humanized monoclonal anti-
body, plus Rd group vs 14.9 months with 
Rd (HR, 0.71; 95% CI, 0.59-0.86).4 Finally, 
in the POLLUX trial (NCT02076009), data 
from the experimental arm of daratumumab 
(Darzalex) plus Rd demonstrated a median 

PFS of 45.5 months, compared with 17.5 
months for Rd (HR, 0.44; 95% CI, 0.34-0.55).5

Treatments using a proteasome inhib-
itor backbone also produced better PFS 
compared with bortezomib plus dexameth-
asone (Vd). Chari highlighted results from 
the experimental arms of phase 3 clini-
cal trials First, data from the BOSTON trial 
(NCT03110562) showed the median PFS 
in the selinexor (Xpovio) plus Vd arm was 
13.9 months, compared with 9.5 months 
in the Vd arm (HR, 0.70; 95% CI, 11.7-
not reached).6 Similarly, results from the 
BELLINI trial (NCT02755597) showed a 
median PFS of 23.2 months in the group 
receiving venetoclax (Venclexta) plus Vd, as 
opposed to 11.4 months with Vd alone (HR, 
0.63; 95% CI, 0.44-0.89).7

“Based on the randomized studies, 
the CD38 and KRd regimens seem quite 
compelling, with a PFS of over 20 months,” 
Chari said. “Given a choice, I’d probably 
use a CD38 [inhibitor] and KRd [first], but 
also recognize that not every patient 
is appropriate for the carfilzomib backbone—
particularly someone with uncontrolled 
blood pressure, a cardiac history, or 
the very old. Those patients might be 
better suited to a CD38 [inhibitor] with 

Ajai Chari, MD
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pomalidomide [Pomalyst] and dexametha-
sone combination.”

At first relapse, many patients will be 
[resistant to] lenalidomide and associated 
with worse PFS,” Chari said. In data from 
phase 3 studies examining the use of prote-
asome inhibitor backbones in patients with 
lenalidomide-refractory disease, results 
were improved over control arms but were 
lower than the overall patient popula-
tion. Specifically, the median PFS was 9.5 
months in those with lenalidomide-refrac-
tory disease, compared with 11.2 months in 
the intention-to-treat (ITT) population who 
received pomalidomide, bortezomib, and 
dexamethasone (HR, 0.61; 95% CI, 0.49-0.77) 
in the OPTIMISMM trial (NCT01734928).8 

Similarly, the median PFS was  
7.1 months, compared with 16.7 months 
in patients with lenalidomide-refractory 

Giant of Cancer Care® Discusses How Immunotherapy  
Is on the Cusp of Major Breakthroughs in Myeloma

by JASON HARRIS

JUST A DECADE AGO, immune therapy for patients with multiple 
myeloma (MM) barely existed as an idea. Since then, immune therapy 
has evolved rapidly and the field is on the verge of enabling major 
improvements in outcomes, according to Sagar Lonial, MD.

The challenge now, Lonial said, is identifying which patients 
will most benefit from treatments such as immune checkpoint 
inhibitors, monoclonal antibodies, chimeric antigen receptor 
(CAR) T-cell therapies, and bispecific T-cell engagers (BiTEs). 
Furthermore, special populations including older patients, 
those at high risk, and those with high proliferation present 
unique treatment problems. Understanding when to choose a 
CAR T-cell therapy vs a BiTE, as well as how to sequence these 
agents and when to use them in combination, represent a few 
of the hurdles for the future of myeloma therapy, he said.

“Understanding how to combine these and approach special popula-
tions is a challenge,” Lonial said. “How do we understand patients who 
are immune to these treatments? The high-risk patients may be more 
immune. How do we make them more sensitive? How do we make them 
express those proteins that we know can be effective?”

Lonial, the 2020 Giants of Cancer Care® award winner for Myeloma, 
delivered the Giants of Cancer Care® keynote lecture during the 25th 
Annual International Congress on Hematologic Malignancies®. He is the 

chief medical officer at Winship Cancer Institute of Emory University, 
as well as chair of hematology and medical oncology, and the Anne and 
Bernard Gray Family Chair in Cancer at the Emory University School of 
Medicine in Atlanta, Georgia.

Lonial has been a pioneer in therapies that generate an 
immune response in patients with myeloma, leading clini-
cal trials assessing monoclonal antibodies for the treatment 
of patients with MM. In 2015, his research resulted in initial 
FDA approvals for daratumumab (Darzalex) monotherapy 
and elotuzumab (Empliciti) in combination with lenalidomide. 
Daratumumab was the first anti-CD38 monoclonal antibody 
approved for the treatment of patients with cancer. 

He also led the research that prompted the FDA to grant 
accelerated approval to belantamab mafodotin-blmf (Blenrep), the first 
anti–B-cell maturation antigen (BCMA), in August 2020 for adults with 
relapsed/refractory MM who have received at least 4 prior therapies, 
including an anti-CD38 monoclonal antibody, a proteasome inhibitor, and 
an immunomodulatory agent.1 

Additionally, Lonial has participated in research into idecabtagene 
vicleucel (Abecma), a BCMA-directed CAR T-cell therapy that the FDA 
approved March 26 for the treatment of adults with relapsed/refractory 

Sagar Lonial, MD
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FIGURE. PFS With Tr ip let  Combinat ions and a Lenal idomide Backbone  
in  Select  Phase 3 Tr ia ls 2-5
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DRd, daratumumab with lenalidomide plus dexamethasone; ERd, elotuzumab with lenalidomide plus dexamethasone; IRd, ixazomib with lena-
lidomide plus dexamethasone; KRd, carfilzomib with lenalidomide plus dexamethasone; PFS, progression-free survival; Rd, lenalidomide plus 
dexamethasone.
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MM who have received 4 or more prior lines of therapy, making it the 
first cell-based gene therapy approved for the malignancy. The approval 
was based on findings from the KarMMa (NCT03361748) single-arm trial 
in which the overall response rate was 72% (95% CI, 62%-81%) among 
100 evaluable patients who received the therapy.2  

 

New Data Are Creating New Treatment Paradigms
Lonial said anti-CD38 antibodies have become the default first-choice 
antibody for patients with relapsed/refractory MM. There is a solid 
collection of evidence showing that these agents improve progression- 
free survival (PFS) in this patient population.

Data from the phase 3 APOLLO trial (N = 304) demonstrated that 
subcutaneous formulation daratumumab/hyaluronidase-fihj (Darzalex 
Faspro) plus pomalidomide (Pomalyst) and dexamethasone (Pd) reduced 
the risk for progression or death by 37% (HR, 0.63; 95% CI, 0.47-
0.85; P = .0018) vs Pd alone in patients with relapsed/refractory MM.

Lonial noted that the experimental regimen nearly doubled median 
PFS. Specifically, the median PFS was 12.4 vs 6.9 months in favor of the 
subcutaneous formulation arm.1 He added that the combination will likely 
have even stronger results when used in an earlier line of treatment.

Overall survival (OS) data are not yet mature. At a median follow-up 
of 16.9 months, 99 (33%) patients had died. HR for OS was 0.91 (95% 
CI, 0.61-1.35). 

Investigators are exploring another anti-CD38 antibody, isatux-
imab-irfc (Sarclisa) , in combination with Pd vs Pd alone. The FDA 
approved the isatuximab/Pd combination for adults with relapsed/
refractory MM in March 2020 based on data from the ICARIA-MM trial 
(NCT02990338). Isatuximab/Pd induced a 40% reduction in the risk for 
disease progression or death (HR 0.60; 95% CI, 0.44-0.81; P = .0010). 
Median PFS was 11.53 months in the experimental arm, compared with 
6.47 months for those who received Pd.3

In the past few years, investigators looked to BCMA as a novel treat-
ment target due to its highly selective expression in malignant plasma 

cells. Clinical trial data have shown strong response to multiple BCMA-
targeted therapeutics.

Lonial is a lead investigator of the international, open-label, phase 
2 DREAMM-2 study (NCT03525678) evaluating belantamab mafodotin 
in patients with relapsed/refractory MM who experienced disease 
progression after 3 or more lines of therapy, who were refractory to 
immunomodulatory drugs and proteasome inhibitors, and refractory 
and/or intolerant to an anti-CD38 monoclonal antibody.

Findings from DREAMM-2 showed that belantamab mafodotin elic-
ited an overall response rate (ORR) of 31% (97.5% CI, 20.8%-42.6%) in 
patients with relapsed/refractory MM who received the treatment at the 
recommended 2.5-mg/kg dose. In patients who received belantamab 
mafodotin at 3.4 mg/kg, the ORR was 34% (97.5% CI, 23.9%-46.0%).4 

The median PFS was 2.8 months in the 2.5-mg/kg cohort and 
3.9 months in the 3.4-mg/kg cohort. OS data were immature at the time 
of the analysis.

“When it comes to immune therapy circa 2021, we have multiple 
immune targets, including CD38, SLAMF7, BCMA, GPRC5d, and FCRH5,” 
Lonial said. “Their expression…is pretty consistent across all the differ-
ent genetic subgroups. In fact, it’s pretty consistent from diagnosis all 
the way through to refractory relapse. It’s not like you lose expression of 
these over time.”

The remaining question for clinicians, he said, is how to use a BiTE, 
an antibody, or a CAR T-cell therapy. “How do you put them all together 
with a treatment platform that [allows] you give fixed-duration therapy, 
get to MRD [minimal residual disease] negativity, and then stop 
 treatment and walk away? Our goal is to get to a point where we  
don’t give continuous therapy, [but] where we give limited-duration 
therapy, get deep responses, and see how durable those responses 
are, whether they are patients with multiple myeloma who are at high 
risk or standard risk.” ■

u LONIAL ,  CONTINUED FROM PAGE 35

disease and the ITT populations, respec-
tively for those who received daratumumab, 
bortezomib, and dexamethasone in the 
CASTOR trial (NCT02136134; HR, 0.31; 
95% CI, 0.24-0.39).9 Finally, in patients 
who received carfilzomib and dexameth-
asone in ENDEAVOR (NCT01568866), 
those with lenalidomide-refractory 
disease had a median PFS of 9.4 months 
vs 18.7 months in the ITT population 
(HR, 0.53; 95% CI, 0.44-0.65).10 

Ajai warned that cross-trial comparisons 
can be fraught due to differing patient 
populations, disease burdens, and prior 
therapy exposures. As a result, the 

outcomes of identical control arms can 
significantly vary between trials. Patient 
access to certain treatments at relapse also 
remains an issue.

Chari concluded that triplet therapies 
improved outcomes for those with high-risk 
disease; however, outcomes for patients with 
standard-risk disease remained the same 
compared with doublet regimens. Therefore, 
Chari recommends that future trials provide 
standard centralized risk assessments for  
all patients. ■

For a full list of references,  
see the article at bit.ly/3rqY1FE. 

For more coverage from the 25th Annual 
International Congress on Hematologic 
Malignancies®, scan the QR code or visit 
bit.ly/3rZiBhC.
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THE FIRST AND ONLY TARGETED KINASE INHIBITOR OF PI3K-DELTA AND CK1-EPSILON

Infections: Serious, including fatal, infections occurred in patients 
treated with UKONIQ. Grade 3 or higher infections occurred in 10% of 
335 patients, with fatal infections occurring in <1%. The most frequent 
Grade ≥3 infections included pneumonia, sepsis, and urinary tract 
infection. Provide prophylaxis for Pneumocystis jirovecii pneumonia (PJP) 
and consider prophylactic antivirals during treatment with UKONIQ to 
prevent CMV infection, including CMV reactivation. Monitor for any new 
or worsening signs and symptoms of infection, including suspected PJP or 
CMV, during treatment with UKONIQ. For Grade 3 or 4 infection, withhold 
UKONIQ until infection has resolved. Resume UKONIQ at the same or a 
reduced dose. Withhold UKONIQ in patients with suspected PJP of any 
grade and permanently discontinue in patients with con rmed PJP. For 
clinical CMV infection or viremia, withhold UKONIQ until infection or 
viremia resolves. If UKONIQ is resumed, administer the same or reduced 
dose and monitor patients for CMV reactivation by PCR or antigen test at 
least monthly.

Neutropenia: Serious neutropenia occurred in patients treated with 
UKONIQ. Grade 3 neutropenia developed in 9% of 335 patients and 
Grade 4 neutropenia developed in 9%. Monitor neutrophil counts at 
least every 2 weeks for the  rst 2 months of UKONIQ and at least weekly 
in patients with neutrophil count <1 x 109/L (Grade 3-4) neutropenia 
during treatment with UKONIQ. Consider supportive care as appropriate. 
Withhold, reduce dose, or discontinue UKONIQ depending on the severity 
and persistence of neutropenia.

Diarrhea or Non-Infectious Colitis: Serious diarrhea or non-infectious colitis 
occurred in patients treated with UKONIQ. Any grade diarrhea or colitis 
occurred in 53% of 335 patients and Grade 3 occurred in 9%. For patients 
with severe diarrhea (Grade 3, i.e., >6 stools per day over baseline) or 
abdominal pain, stool with mucus or blood, change in bowel habits, or 
peritoneal signs, withhold UKONIQ until resolved and provide supportive 
care with antidiarrheals or enteric acting steroids as appropriate. Upon 
resolution, resume UKONIQ at a reduced dose. For recurrent Grade 3 
diarrhea or recurrent colitis of any grade, discontinue UKONIQ. Discontinue 
UKONIQ for life-threatening diarrhea or colitis.

Hepatotoxicity: Serious hepatotoxicity occurred in patients treated with 
UKONIQ. Grade 3 and 4 transaminase elevations (ALT and/or AST) 
occurred in 8% and <1%, respectively, in 335 patients. Monitor hepatic 
function at baseline and during treatment with UKONIQ. For ALT/AST 
greater than 5 to less than 20 times ULN, withhold UKONIQ until return 
to less than 3 times ULN, then resume at a reduced dose. For ALT/AST 
elevation greater than 20 times ULN, discontinue UKONIQ. 

Severe Cutaneous Reactions: Severe cutaneous reactions, including a fatal 
case of exfoliative dermatitis, occurred in patients treated with UKONIQ. 
Grade 3 cutaneous reactions occurred in 2% of 335 patients and included 
exfoliative dermatitis, erythema, and rash (primarily maculo-papular). 
Monitor patients for new or worsening cutaneous reactions. Review all 
concomitant medications and discontinue any potentially contributing 
medications. Withhold UKONIQ for severe (Grade 3) cutaneous reactions 
until resolution. Monitor at least weekly until resolved. Upon resolution, 
resume UKONIQ at a reduced dose. Discontinue UKONIQ if severe 
cutaneous reaction does not improve, worsens, or recurs. Discontinue 
UKONIQ for life-threatening cutaneous reactions or SJS, TEN, or DRESS 
of any grade. Provide supportive care as appropriate. 

Allergic Reactions Due to Inactive Ingredient FD&C Yellow No. 5: UKONIQ 
contains FD&C Yellow No. 5 (tartrazine), which may cause allergic-type 
reactions (including bronchial asthma) in certain susceptible persons, 
frequently in patients who also have aspirin hypersensitivity.

Embryo-fetal Toxicity: Based on  ndings in animals and its mechanism of 
action, UKONIQ can cause fetal harm when administered to a pregnant 
woman. Advise pregnant women of the potential risk to a fetus. Advise 
females and males with female partners of reproductive potential to use 
effective contraception during treatment and for at least one month after 
the last dose.

Serious adverse reactions occurred in 18% of 221 patients who received 
UKONIQ. Serious adverse reactions that occurred in ≥2% of patients 
were diarrhea-colitis (4%), pneumonia (3%), sepsis (2%), and urinary tract 
infection (2%). Permanent discontinuation of UKONIQ due to an adverse 
reaction occurred in 14% of patients. Dose reductions of UKONIQ due to 
an adverse reaction occurred in 11% of patients. Dosage interruptions of 
UKONIQ due to an adverse reaction occurred in 43% of patients. 

The most common adverse reactions (>15%), including laboratory 
abnormalities, in 221 patients who received UKONIQ were increased 
creatinine (79%), diarrhea-colitis (58%, 2%), fatigue (41%), nausea (38%), 
neutropenia (33%), ALT increase (33%), AST increase (32%), musculoskeletal 
pain (27%), anemia (27%), thrombocytopenia (26%), upper respiratory 
tract infection (21%), vomiting (21%), abdominal pain (19%), decreased 
appetite (19%), and rash (18%).

Lactation: Because of the potential for serious adverse reactions from 
umbralisib in the breastfed child, advise women not to breastfeed during 
treatment with UKONIQ and for at least one month after the last dose.

Please see Brief Summary of the full Prescribing Information 
on the following pages. 

IMPORTANT SAFETY INFORMATION

INDICATIONS
UKONIQ is indicated for the treatment of adult patients with: 

These indications are approved under accelerated approval based on 
overall response rate. Continued approval for these indications may 
be contingent upon veri cation and description of clinical bene t in a 
con rmatory trial.

Relapsed or refractory marginal zone lymphoma (MZL) who 
have received at least 1 prior anti-CD20-based regimen MZL

FL Relapsed or refractory follicular lymphoma (FL) who have 
received at least 3 prior lines of systemic therapy
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UKONIQ™ (umbralisib) tablets, for oral use
This is a brief summary. Before prescribing, please 
refer to the full Prescribing Information. 
1.1. Marginal Zone Lymphoma  
UKONIQ is indicated for the treatment of adult patients with relapsed 
or refractory marginal zone lymphoma (MZL) who have received at 
least one prior anti-CD20-based regimen.
This indication is approved under accelerated approval based on 
overall response rate [see Clinical Studies (14.1)]. Continued approval 

1.2. Follicular Lymphoma  
UKONIQ is indicated for the treatment of adult patients with relapsed 
or refractory follicular lymphoma (FL) who have received at least three 
prior lines of systemic therapy. 
This indication is approved under accelerated approval based on 
overall response rate [see Clinical Studies (14.2)]. Continued approval 

4. CONTRAINDICATIONS 
None.
5. WARNINGS AND PRECAUTIONS 
5.1. Infections 
Serious, including fatal, infections occurred in patients treated 
with UKONIQ. Grade 3 or higher infections occurred in 10% of 335 
patients, with fatal infections occurring in <1%. The most frequent 

months (range: 1 day to 21 months) [see Adverse Reactions (6.1)].
Monitor for any new or worsening signs and symptoms of infection. 

resolved. Resume UKONIQ at the same or a reduced dose [see Dosage 
and Administration (2.3)].
Provide prophylaxis for Pneumocystis jirovecii pneumonia (PJP) 
during treatment with UKONIQ [see Dosage and Administration (2.2)]. 
Withhold UKONIQ in patients with suspected PJP of any grade and 

[see Dosage 
and Administration (2.2)].
Monitor for cytomegalovirus (CMV) infection during treatment 
with UKONIQ in patients with a history of CMV infection. Consider 
prophylactic antivirals during treatment with UKONIQ to prevent 
CMV infection, including CMV reactivation [see Dosage and 
Administration (2.2)]. For clinical CMV infection or viremia, withhold 
UKONIQ until infection or viremia resolves. If UKONIQ is resumed, 
administer the same or reduced dose and monitor patients for CMV 
reactivation by PCR or antigen test at least monthly [see Dosage and 
Administration (2.2)]. 
5.2. Neutropenia 
Serious neutropenia occurred in patients treated with UKONIQ. 
Grade 3 neutropenia developed in 9% of 335 patients and Grade 

[see Adverse Reactions (6.1)]. The 

of UKONIQ and at least weekly in patients with neutrophil counts 
<1 ×109

Withhold, reduce dose, or discontinue UKONIQ depending on 
the severity and persistence of neutropenia [see Dosage and 
Administration (2.3)]. 
5.3. Diarrhea or Non-infectious Colitis  
Serious diarrhea or non-infectious colitis occurred in patients treated 
with UKONIQ. Any grade diarrhea or colitis occurred in 53% of 335 
patients and Grade 3 occurred in 9% [see Adverse Reactions (6.1)]. 
The median time to onset for any grade diarrhea or colitis was 1 
month (range: 1 day to 23 months), with 75% of cases occurring by 
2.9 months. 
For patients with severe diarrhea (Grade 3, i.e., > 6 stools per day 
over baseline) or abdominal pain, stool with mucus or blood, change 
in bowel habits, or peritoneal signs, withhold UKONIQ until resolved 
and provide supportive care with antidiarrheals or enteric acting 
steroids as appropriate. Upon resolution, resume UKONIQ at a 
reduced dose. For recurrent Grade 3 diarrhea or recurrent colitis of any 
grade, discontinue UKONIQ. Discontinue UKONIQ for life-threatening 
diarrhea or colitis [see Dosage and Administration (2.3)].
5.4. Hepatotoxicity 
Serious hepatotoxicity occurred in patients treated with UKONIQ. 

8% and <1%, respectively, in 335 patients [see Adverse Reactions 
(6.1)]. The median time to onset for Grade 3 or higher transaminase 

Monitor hepatic function at baseline and during treatment with 
UKONIQ. For ALT/AST greater than 5 to less than 20 times ULN, 
withhold UKONIQ until return to less than 3 times ULN, then resume 
at a reduced dose. For ALT/AST elevation greater than 20 times ULN, 
discontinue UKONIQ [see Dosage and Administration (2.3)]. 
5.5. Severe Cutaneous Reactions 
Severe cutaneous reactions, including a fatal case of exfoliative 
dermatitis, occurred in patients treated with UKONIQ. Grade 3 
cutaneous reactions occurred in 2% of 335 patients and included 
exfoliative dermatitis, erythema, and rash (primarily maculo-papular) 
[see Adverse Reactions (6.1)]. The median time to onset of Grade 3 or 

Monitor patients for new or worsening cutaneous reactions. Review all 
concomitant medications and discontinue any potentially contributing 
medications. Withhold UKONIQ for severe (Grade 3) cutaneous 
reactions until resolution. Monitor at least weekly until resolved. Upon 
resolution, resume UKONIQ at a reduced dose. Discontinue UKONIQ 
if severe cutaneous reaction does not improve, worsens, or recurs. 
Discontinue UKONIQ for life-threatening cutaneous reactions or SJS, 
TEN, or DRESS of any grade [see Dosage and Administration (2.3)]. 
Provide supportive care as appropriate.
5.6 Allergic Reactions Due to Inactive Ingredient FD&C Yellow No. 5 
UKONIQ contains FD&C Yellow No. 5 (tartrazine), which may cause 
allergic-type reactions (including bronchial asthma) in certain 
susceptible persons. Although the overall incidence of FD&C Yellow 
No. 5 (tartrazine) sensitivity in the general population is low, it is 
frequently seen in patients who also have aspirin hypersensitivity.
5.7 Embryo-Fetal Toxicity  

can cause fetal harm when administered to a pregnant woman. 
In animal reproduction studies, administration of umbralisib to 
pregnant mice during the period of organogenesis caused adverse 
developmental outcomes including embryo-fetal mortality and fetal 
malformations at maternal exposures comparable to those in patients 

potential risk to a fetus. Advise females of reproductive potential and 
males with female partners of reproductive potential to use effective 
contraception during treatment and for one month after the last dose 

.
6. ADVERSE REACTIONS 

elsewhere in the labeling: 
• Infections [see Warnings and Precautions (5.1)]
• Neutropenia [see Warnings and Precautions (5.2)]
• Diarrhea and Non-infectious Colitis [see Warnings and Precautions (5.3)]
• Hepatotoxicity [see Warnings and Precautions (5.4)]
• Severe Cutaneous Reactions [see Warnings and Precautions (5.5)] 
6.1. Clinical Trials Experience 
Because clinical trials are conducted under widely varying conditions, 
adverse reaction rates observed in the clinical trials of a drug cannot 
be compared to rates in the clinical trials of another drug and may not 

The pooled safety population described in WARNINGS AND 

dosage of 800 mg orally once daily in 335 adults with hematologic 
malignancies in studies TGR-1202-101, TGR-1202-202, UTX-TGR-205, 
and UTX-TGR-501. Among these 335 patients who received UKONIQ, 
52% were exposed for 6 months or longer and 30% were exposed for 
greater than one year.  
Relapsed or Refractory Follicular Lymphoma and Marginal Zone 
Lymphoma
The safety of UKONIQ was evaluated in a pooled safety population 
that included 221 adults with marginal zone lymphoma (37%) and 
follicular lymphoma (63%) enrolled in three single-arm, open-label 
trials (Study TGR-1202-101, TGR-1202-202, and UTX-TGR-205) and 
one open-label extension trial (Study UTX-TGR-501) [see Clinical 

. These trials required hepatic transaminases 

exposure to a PI3K inhibitor. Patients received UKONIQ 800 mg orally 
once daily. Among these 221 patients who received UKONIQ, 60% 

greater than one year.

female, and 97% had an Eastern Cooperative Oncology Group (ECOG) 
performance status of 0 to 1. Race was reported in 92% of patients; of 
these patients, 89% were White, 6% were Black, and 3% were Asian. 
Patients had a median of 2 prior therapies (range 1 to 10). 
Serious adverse reactions occurred in 18% of patients who received 

tract infection (2%). Fatal adverse reactions occurred in <1% of 
patients who received UKONIQ, including exfoliative dermatitis.
Permanent discontinuation of UKONIQ due to an adverse reaction 

diarrhea-colitis (6%) and transaminase elevation (5%). 
Dose reductions of UKONIQ due to an adverse reaction occurred in 
11% of patients. Adverse reactions which required dose reductions in 

Dosage interruptions of UKONIQ due to an adverse reaction occurred 

transaminase elevation (7%), neutropenia (5%), vomiting (5%), and 
upper respiratory tract infection (5%).

abnormalities, were increased creatinine, diarrhea-colitis, fatigue, 
nausea, neutropenia, transaminase elevation, musculoskeletal pain, 
anemia, thrombocytopenia, upper respiratory tract infection, vomiting, 
abdominal pain, decreased appetite, and rash. 
Table 3 provides the adverse reactions in the pooled safety population 
of 221 patients with marginal zone lymphoma and follicular 
lymphoma who received the recommended dosage.

Marginal Zone Lymphoma and Follicular Lymphoma Who 
Received UKONIQ in Pooled Safety Population

UKONIQ N=221
Adverse Reactions All Grades  Grade 3 or 

Gastrointestinal Disorders 
Diarrhea 58 10 
Nausea 38 <1
Vomiting 21 <1
Abdominal paina 19 3
General Disorders and Administration Site Conditions 
Fatigueb 3
Edemac <1 
Pyrexia 10 0 
Musculoskeletal and Connective Tissue Disorders 
Musculoskeletal paind 27 2 
Infections 
Upper respiratory tract infectione 21 <1 
Metabolism and Nutrition Disorders 
Decreased appetite 19 2
Skin and Subcutaneous Tissue Disorders 
Rashf 18 3 
Psychiatric Disorders 
Insomnia <1 

a Abdominal pain includes Abdominal pain, abdominal pain upper, abdominal 
pain lower, abdominal discomfort

bFatigue includes Fatigue, asthenia, lethargy
c 

overload, generalized edema
d Musculoskeletal pain includes Back pain, myalgia, pain in extremity, 
musculoskeletal pain, neck pain, spinal pain, musculoskeletal chest pain, 
musculoskeletal discomfort 

e Upper respiratory tract infection includes Upper respiratory tract infection, 
sinusitis, nasopharyngitis, rhinitis

 f Rash includes Rash, rash maculo-papular, rash erythematous, rash pruritic, rash 
macular, exfoliative dermatitis 

Clinically relevant adverse reactions in <10% of patients who 
received UKONIQ included urinary tract infection (9%), dyspnea (7%), 
pneumonia (6%), sepsis (3%), colitis (2%), pneumonitis (<1%), and 
exfoliative dermatitis (<1%).

population of 221 patients with marginal zone lymphoma and 
follicular lymphoma who received the recommended dosage. 

 
That Worsened from Baseline in Patients with Marginal  

Zone Lymphoma and Follicular Lymphoma Who Received 
UKONIQ in Pooled Safety Population

UKONIQ N=221
Laboratory Parameter Any Gradesa Grade 3 or 

4b

Hematologic
Neutrophil decreased 33 16 
Hemoglobin decreased 27 3 
Platelets decreased 26 
Chemistry
Creatinine increased 79 0
Alanine aminotransferase 
increased 

33 8 

Aspartate aminotransferase 
increased 

32 7 

Potassium decreased 21 
a Laboratory values were categorized using the National Cancer Institute Common 

8. USE IN SPECIFIC POPULATIONS 
8.1. Pregnancy 
Risk Summary

 
[see Clinical Pharmacology (12.1)], UKONIQ can cause fetal harm when 
administered to a pregnant woman. There are no available data on 
UKONIQ use in pregnant women to evaluate for a drug-associated 
risk. In animal reproduction studies, administration of umbralisib 
to pregnant mice during organogenesis resulted in adverse 
developmental outcomes, including alterations to growth, embryo-fetal 
mortality, and structural abnormalities at maternal exposures (AUC) 
comparable to those in patients at the recommended dose of 800 mg 
(see Data). Advise pregnant women of the potential risk to a fetus.
In the U.S. general population, the estimated background risk 
of major birth defects and miscarriage in clinically recognized 

Data 
Animal Data 
In an embryo-fetal development study in mice, pregnant animals 

kg/day during the period of organogenesis. Malformations were 

occurred starting at the dose of 100 mg/kg/day and included folded 

resorptions, and increased post-implantation loss. The exposure (AUC) 
at a dose of 100 mg/kg/day in mice is approximately equivalent to the 
human exposure at the recommended dose of 800 mg.
In an embryo-fetal development study in rabbits, pregnant animals 

kg/day resulted in maternal toxicity (decreased food consumption 
and body weight) and reduced fetal weights. The exposure (AUC) at 

human patients at the recommended dose of 800 mg. 
8.2. Lactation 
Risk Summary
There are no data on the presence of umbralisib in human milk or 
the effects on the breastfed child or milk production. Because of 
the potential for serious adverse reactions from umbralisib in the 
breastfed child, advise women not to breastfeed during treatment 
with UKONIQ and for one month after the last dose.
8.3. Females and Males of Reproductive Potential 
UKONIQ may cause fetal harm when administered to a pregnant woman 

. 
Pregnancy Testing 
Verify pregnancy status in females of reproductive potential prior to 
initiating UKONIQ. 
Contraception 
Females 
Advise female patients of reproductive potential to use highly 
effective contraception during treatment with UKONIQ and for at least 

Males 
Advise males with female partners of reproductive potential to use 
effective contraception during treatment with UKONIQ and for one 
month after the last dose. 
Infertility 
Males 

fertility [see Nonclinical Toxicology (13.1)]. Trend for reversibility was 
noted in dogs 30 days after the last dose. 
8.4. Pediatric Use 
Safety and effectiveness of UKONIQ have not been established in 
pediatric patients. 
8.5. Geriatric Use 
Of the 221 patients with MZL or FL who received UKONIQ in clinical 
studies, 56% of patients were 65 years of age and older, while 19% 
were 75 years of age and older. No overall differences in effectiveness 
or pharmacokinetics were observed between these patients and 
younger patients. In patients 65 years of age and older, 23% 
experienced serious adverse reactions compared to 12% in patients 
younger than 65 years of age. There was a higher incidence of 
infectious serious adverse reactions in patients 65 years of age or older 

8.6. Renal Impairment 
No dose adjustment is recommended in patients with mild or 
moderate renal impairment (creatinine clearance [CLcr] 30 to 
89 mL/min estimated by Cockcroft-Gault equation) [see Clinical 
Pharmacology (12.3)]. UKONIQ has not been studied in patients with 
severe renal impairment ([CLcr] < 30 mL/min).
8.7. Hepatic Impairment 
No dose adjustment is recommended for patients with mild hepatic 

ULN or total bilirubin >1 to 1.5 × ULN and any AST) [see Clinical 
Pharmacology (12.3)]. UKONIQ has not been studied in patients with 
moderate (total bilirubin > 1.5 to 3 × ULN and any AST) or severe 
hepatic impairment (total bilirubin > 3 × ULN and any AST).
14. CLINICAL STUDIES 
14.1. Marginal Zone Lymphoma 

UTX-TGR-205 (NCT02793583), an open-label, multi-center, multi-cohort 
trial. Patients with MZL were required to have received at least one 
prior therapy, including an anti-CD20 containing regimen. The trial 
excluded patients with prior exposure to a PI3K inhibitor. Patients 
received UKONIQ 800 mg orally once daily until disease progression or 
unacceptable toxicity. 
A total of 69 patients with MZL [extranodal (N=38), nodal (N=20), and 
splenic (N=11)] were enrolled in this cohort. The median age was 67 

were Black, 3% were Asian, 7% were Other, and 97% had a baseline 
ECOG performance status of 0 or 1. Patients had a median number of 
prior lines of therapy of 2 (range: 1 to 6), with 26% being refractory to 
their last therapy. 

Independent Review Committee (IRC) using criteria adopted from 
the International Working Group criteria for malignant lymphoma. 
The median follow-up time was 20.3 months (range: 15.0 to 28.7 

Endpoint 
ORR, n (%)a 
    95% CI 37.0, 61.6 
CR, n (%) 11 (16) 
PR, n (%) 23 (33) 
DOR 
    Median, months (95% CI)b NR (9.3, NE) 
    Range, months 0.0+, 21.8+ 

Independent Review Committee; ORR, overall response rate; NE, not evaluable; 
NR, not reached; PR, partial response.

aPer IRC according to Revised International Working Group Criteria
bBased on Kaplan-Meier estimation
+Denotes censored observation 
The median time to response was 2.8 months (range: 1.8 to 21.2 

the 3 MZL sub-types (extranodal, nodal, and splenic, respectively).
14.2. Follicular Lymphoma 

Study UTX-TGR-205, an open-label, multi-center, multi-cohort trial 
(NCT02793583). Patients with relapsed or refractory FL were required 
to have received at least two prior systemic therapies, including an 
anti-CD20 monoclonal antibody and an alkylating agent. The trial 
excluded patients with Grade 3b FL, large cell transformation, prior 
allogeneic transplant, history of CNS lymphoma, and prior exposure to 
a PI3K inhibitor. Patients received UKONIQ 800 mg orally once daily 
until disease progression or unacceptable toxicity.
A total of 117 patients with FL were enrolled in this cohort. The median 
age was 65 years (range: 29 to 87 years), 38% were female, 80% were 

disease and 97% had a baseline ECOG performance status of 0 to 1. 
Patients had a median of 3 prior lines of therapy (range: 1 to 10), with 
36% refractory to their last therapy. 

Independent Review Committee (IRC) using criteria adopted from 
the International Working Group criteria for malignant lymphoma. 
The median follow-up time was 20.1 months (range: 13.5 to 29.6 

 

Endpoint 
ORR, n (%)a 
    95% CI 33.6, 52.2 
CR, n (%) 
PR, n (%) 
DOR 
    Median months (95% CI)b 
    Range, months 0.0+, 20.9+ 

 
Independent Review Committee; ORR, overall response rate; PR, partial response.

aPer IRC according to Revised International Working Group Criteria
bBased on Kaplan-Meier estimation
+Denotes censored observation

17. PATIENT COUNSELING INFORMATION 
Advise patients to read the FDA-approved patient labeling 

Infections 
Advise patients that UKONIQ can cause serious infections that 
may be fatal. Advise patients to immediately report any signs or 
symptoms of infection (e.g., fever, chills, weakness) [see Warnings 
and Precautions (5.1)]. 
Neutropenia 
Advise patients of the need for periodic monitoring of blood counts 
and to notify their healthcare provider immediately if they develop a 
fever or any signs of infection [see Warnings and Precautions (5.2)].
Diarrhea or Non-infectious Colitis  
Advise patients that they may experience loose stools or diarrhea 
and should contact their healthcare provider with any persistent or 
worsening diarrhea. Advise patients to maintain adequate hydration 
[see Warnings and Precautions (5.3)].
Advise patients of the possibility of colitis and to notify their 
healthcare provider of any abdominal pain/distress [see Warnings and 
Precautions (5.3)]. 
Hepatotoxicity 

enzymes and the need for periodic monitoring of liver tests. Advise 
patients to report symptoms of liver dysfunction including jaundice 
(yellow eyes or yellow skin), abdominal pain, bruising, or bleeding 
[see Warnings and Precautions (5.4)]. 
Severe Cutaneous Reactions 
Advise patients that UKONIQ may cause a severe skin rash and to 
notify their healthcare provider immediately if they develop a new or 
worsening skin rash [see Warnings and Precautions (5.5)]. 

Embryo-Fetal Toxicity 
Advise pregnant women and females of reproductive potential of  
the potential risk to a fetus. Advise females of reproductive potential  
to inform their healthcare provider of a known or suspected pregnancy 

 
.

Advise females of reproductive potential to use effective contraceptive 
during treatment with UKONIQ and for one month after the last dose 

. 
Advise males with female partners of reproductive potential to use 
effective contraceptive during treatment with UKONIQ and for one 
month after the last dose . 
Lactation 
Advise women not to breastfeed during treatment with UKONIQ and 
for one month after the last dose . 
Infertility 
Advise males of reproductive potential that UKONIQ may impair 
fertility . 
Allergic Reactions Due to Inactive Ingredient FD&C Yellow No. 5 
Advise patients that UKONIQ contains FD&C Yellow No. 5 (tartrazine), 
which may cause allergic-type reactions in certain susceptible persons 
[see Warnings and Precautions (5.6)].
Administration 
Inform patients to take UKONIQ orally once daily at approximately 
the same time each day with food and how to make up a missed 
or vomited dose. Advise patients to swallow tablets whole. Advise 
patients not to crush, break, cut or chew tablets [see Dosage and 
Administration (2.1)].
You are encouraged to report negative side effects of prescription 
drugs to the FDA. Visit MedWatch or call 1-800-FDA-1088.
Distributed by: 
TG Therapeutics, Inc.

Edison, NJ 08837
For patent information:  
https://www.tgtherapeutics.com/our-products/patent/  
UKONIQ™ is a trademark of TG Therapeutics, Inc.  
© TG Therapeutics, Inc. 2021 
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UKONIQ™ (umbralisib) tablets, for oral use
This is a brief summary. Before prescribing, please 
refer to the full Prescribing Information. 
1.1. Marginal Zone Lymphoma  
UKONIQ is indicated for the treatment of adult patients with relapsed 
or refractory marginal zone lymphoma (MZL) who have received at 
least one prior anti-CD20-based regimen.
This indication is approved under accelerated approval based on 
overall response rate [see Clinical Studies (14.1)]. Continued approval 

1.2. Follicular Lymphoma  
UKONIQ is indicated for the treatment of adult patients with relapsed 
or refractory follicular lymphoma (FL) who have received at least three 
prior lines of systemic therapy. 
This indication is approved under accelerated approval based on 
overall response rate [see Clinical Studies (14.2)]. Continued approval 

4. CONTRAINDICATIONS 
None.
5. WARNINGS AND PRECAUTIONS 
5.1. Infections 
Serious, including fatal, infections occurred in patients treated 
with UKONIQ. Grade 3 or higher infections occurred in 10% of 335 
patients, with fatal infections occurring in <1%. The most frequent 

months (range: 1 day to 21 months) [see Adverse Reactions (6.1)].
Monitor for any new or worsening signs and symptoms of infection. 

resolved. Resume UKONIQ at the same or a reduced dose [see Dosage 
and Administration (2.3)].
Provide prophylaxis for Pneumocystis jirovecii pneumonia (PJP) 
during treatment with UKONIQ [see Dosage and Administration (2.2)]. 
Withhold UKONIQ in patients with suspected PJP of any grade and 

[see Dosage 
and Administration (2.2)].
Monitor for cytomegalovirus (CMV) infection during treatment 
with UKONIQ in patients with a history of CMV infection. Consider 
prophylactic antivirals during treatment with UKONIQ to prevent 
CMV infection, including CMV reactivation [see Dosage and 
Administration (2.2)]. For clinical CMV infection or viremia, withhold 
UKONIQ until infection or viremia resolves. If UKONIQ is resumed, 
administer the same or reduced dose and monitor patients for CMV 
reactivation by PCR or antigen test at least monthly [see Dosage and 
Administration (2.2)]. 
5.2. Neutropenia 
Serious neutropenia occurred in patients treated with UKONIQ. 
Grade 3 neutropenia developed in 9% of 335 patients and Grade 

[see Adverse Reactions (6.1)]. The 

of UKONIQ and at least weekly in patients with neutrophil counts 
<1 ×109

Withhold, reduce dose, or discontinue UKONIQ depending on 
the severity and persistence of neutropenia [see Dosage and 
Administration (2.3)]. 
5.3. Diarrhea or Non-infectious Colitis  
Serious diarrhea or non-infectious colitis occurred in patients treated 
with UKONIQ. Any grade diarrhea or colitis occurred in 53% of 335 
patients and Grade 3 occurred in 9% [see Adverse Reactions (6.1)]. 
The median time to onset for any grade diarrhea or colitis was 1 
month (range: 1 day to 23 months), with 75% of cases occurring by 
2.9 months. 
For patients with severe diarrhea (Grade 3, i.e., > 6 stools per day 
over baseline) or abdominal pain, stool with mucus or blood, change 
in bowel habits, or peritoneal signs, withhold UKONIQ until resolved 
and provide supportive care with antidiarrheals or enteric acting 
steroids as appropriate. Upon resolution, resume UKONIQ at a 
reduced dose. For recurrent Grade 3 diarrhea or recurrent colitis of any 
grade, discontinue UKONIQ. Discontinue UKONIQ for life-threatening 
diarrhea or colitis [see Dosage and Administration (2.3)].
5.4. Hepatotoxicity 
Serious hepatotoxicity occurred in patients treated with UKONIQ. 

8% and <1%, respectively, in 335 patients [see Adverse Reactions 
(6.1)]. The median time to onset for Grade 3 or higher transaminase 

Monitor hepatic function at baseline and during treatment with 
UKONIQ. For ALT/AST greater than 5 to less than 20 times ULN, 
withhold UKONIQ until return to less than 3 times ULN, then resume 
at a reduced dose. For ALT/AST elevation greater than 20 times ULN, 
discontinue UKONIQ [see Dosage and Administration (2.3)]. 
5.5. Severe Cutaneous Reactions 
Severe cutaneous reactions, including a fatal case of exfoliative 
dermatitis, occurred in patients treated with UKONIQ. Grade 3 
cutaneous reactions occurred in 2% of 335 patients and included 
exfoliative dermatitis, erythema, and rash (primarily maculo-papular) 
[see Adverse Reactions (6.1)]. The median time to onset of Grade 3 or 

Monitor patients for new or worsening cutaneous reactions. Review all 
concomitant medications and discontinue any potentially contributing 
medications. Withhold UKONIQ for severe (Grade 3) cutaneous 
reactions until resolution. Monitor at least weekly until resolved. Upon 
resolution, resume UKONIQ at a reduced dose. Discontinue UKONIQ 
if severe cutaneous reaction does not improve, worsens, or recurs. 
Discontinue UKONIQ for life-threatening cutaneous reactions or SJS, 
TEN, or DRESS of any grade [see Dosage and Administration (2.3)]. 
Provide supportive care as appropriate.
5.6 Allergic Reactions Due to Inactive Ingredient FD&C Yellow No. 5 
UKONIQ contains FD&C Yellow No. 5 (tartrazine), which may cause 
allergic-type reactions (including bronchial asthma) in certain 
susceptible persons. Although the overall incidence of FD&C Yellow 
No. 5 (tartrazine) sensitivity in the general population is low, it is 
frequently seen in patients who also have aspirin hypersensitivity.
5.7 Embryo-Fetal Toxicity  

can cause fetal harm when administered to a pregnant woman. 
In animal reproduction studies, administration of umbralisib to 
pregnant mice during the period of organogenesis caused adverse 
developmental outcomes including embryo-fetal mortality and fetal 
malformations at maternal exposures comparable to those in patients 

potential risk to a fetus. Advise females of reproductive potential and 
males with female partners of reproductive potential to use effective 
contraception during treatment and for one month after the last dose 

.
6. ADVERSE REACTIONS 

elsewhere in the labeling: 
• Infections [see Warnings and Precautions (5.1)]
• Neutropenia [see Warnings and Precautions (5.2)]
• Diarrhea and Non-infectious Colitis [see Warnings and Precautions (5.3)]
• Hepatotoxicity [see Warnings and Precautions (5.4)]
• Severe Cutaneous Reactions [see Warnings and Precautions (5.5)] 
6.1. Clinical Trials Experience 
Because clinical trials are conducted under widely varying conditions, 
adverse reaction rates observed in the clinical trials of a drug cannot 
be compared to rates in the clinical trials of another drug and may not 

The pooled safety population described in WARNINGS AND 

dosage of 800 mg orally once daily in 335 adults with hematologic 
malignancies in studies TGR-1202-101, TGR-1202-202, UTX-TGR-205, 
and UTX-TGR-501. Among these 335 patients who received UKONIQ, 
52% were exposed for 6 months or longer and 30% were exposed for 
greater than one year.  
Relapsed or Refractory Follicular Lymphoma and Marginal Zone 
Lymphoma
The safety of UKONIQ was evaluated in a pooled safety population 
that included 221 adults with marginal zone lymphoma (37%) and 
follicular lymphoma (63%) enrolled in three single-arm, open-label 
trials (Study TGR-1202-101, TGR-1202-202, and UTX-TGR-205) and 
one open-label extension trial (Study UTX-TGR-501) [see Clinical 

. These trials required hepatic transaminases 

exposure to a PI3K inhibitor. Patients received UKONIQ 800 mg orally 
once daily. Among these 221 patients who received UKONIQ, 60% 

greater than one year.

female, and 97% had an Eastern Cooperative Oncology Group (ECOG) 
performance status of 0 to 1. Race was reported in 92% of patients; of 
these patients, 89% were White, 6% were Black, and 3% were Asian. 
Patients had a median of 2 prior therapies (range 1 to 10). 
Serious adverse reactions occurred in 18% of patients who received 

tract infection (2%). Fatal adverse reactions occurred in <1% of 
patients who received UKONIQ, including exfoliative dermatitis.
Permanent discontinuation of UKONIQ due to an adverse reaction 

diarrhea-colitis (6%) and transaminase elevation (5%). 
Dose reductions of UKONIQ due to an adverse reaction occurred in 
11% of patients. Adverse reactions which required dose reductions in 

Dosage interruptions of UKONIQ due to an adverse reaction occurred 

transaminase elevation (7%), neutropenia (5%), vomiting (5%), and 
upper respiratory tract infection (5%).

abnormalities, were increased creatinine, diarrhea-colitis, fatigue, 
nausea, neutropenia, transaminase elevation, musculoskeletal pain, 
anemia, thrombocytopenia, upper respiratory tract infection, vomiting, 
abdominal pain, decreased appetite, and rash. 
Table 3 provides the adverse reactions in the pooled safety population 
of 221 patients with marginal zone lymphoma and follicular 
lymphoma who received the recommended dosage.

Marginal Zone Lymphoma and Follicular Lymphoma Who 
Received UKONIQ in Pooled Safety Population

UKONIQ N=221
Adverse Reactions All Grades  Grade 3 or 

Gastrointestinal Disorders 
Diarrhea 58 10 
Nausea 38 <1
Vomiting 21 <1
Abdominal paina 19 3
General Disorders and Administration Site Conditions 
Fatigueb 3
Edemac <1 
Pyrexia 10 0 
Musculoskeletal and Connective Tissue Disorders 
Musculoskeletal paind 27 2 
Infections 
Upper respiratory tract infectione 21 <1 
Metabolism and Nutrition Disorders 
Decreased appetite 19 2
Skin and Subcutaneous Tissue Disorders 
Rashf 18 3 
Psychiatric Disorders 
Insomnia <1 

a Abdominal pain includes Abdominal pain, abdominal pain upper, abdominal 
pain lower, abdominal discomfort

bFatigue includes Fatigue, asthenia, lethargy
c 

overload, generalized edema
d Musculoskeletal pain includes Back pain, myalgia, pain in extremity, 
musculoskeletal pain, neck pain, spinal pain, musculoskeletal chest pain, 
musculoskeletal discomfort 

e Upper respiratory tract infection includes Upper respiratory tract infection, 
sinusitis, nasopharyngitis, rhinitis

 f Rash includes Rash, rash maculo-papular, rash erythematous, rash pruritic, rash 
macular, exfoliative dermatitis 

Clinically relevant adverse reactions in <10% of patients who 
received UKONIQ included urinary tract infection (9%), dyspnea (7%), 
pneumonia (6%), sepsis (3%), colitis (2%), pneumonitis (<1%), and 
exfoliative dermatitis (<1%).

population of 221 patients with marginal zone lymphoma and 
follicular lymphoma who received the recommended dosage. 

 
That Worsened from Baseline in Patients with Marginal  

Zone Lymphoma and Follicular Lymphoma Who Received 
UKONIQ in Pooled Safety Population

UKONIQ N=221
Laboratory Parameter Any Gradesa Grade 3 or 

4b

Hematologic
Neutrophil decreased 33 16 
Hemoglobin decreased 27 3 
Platelets decreased 26 
Chemistry
Creatinine increased 79 0
Alanine aminotransferase 
increased 

33 8 

Aspartate aminotransferase 
increased 

32 7 

Potassium decreased 21 
a Laboratory values were categorized using the National Cancer Institute Common 

8. USE IN SPECIFIC POPULATIONS 
8.1. Pregnancy 
Risk Summary

 
[see Clinical Pharmacology (12.1)], UKONIQ can cause fetal harm when 
administered to a pregnant woman. There are no available data on 
UKONIQ use in pregnant women to evaluate for a drug-associated 
risk. In animal reproduction studies, administration of umbralisib 
to pregnant mice during organogenesis resulted in adverse 
developmental outcomes, including alterations to growth, embryo-fetal 
mortality, and structural abnormalities at maternal exposures (AUC) 
comparable to those in patients at the recommended dose of 800 mg 
(see Data). Advise pregnant women of the potential risk to a fetus.
In the U.S. general population, the estimated background risk 
of major birth defects and miscarriage in clinically recognized 

Data 
Animal Data 
In an embryo-fetal development study in mice, pregnant animals 

kg/day during the period of organogenesis. Malformations were 

occurred starting at the dose of 100 mg/kg/day and included folded 

resorptions, and increased post-implantation loss. The exposure (AUC) 
at a dose of 100 mg/kg/day in mice is approximately equivalent to the 
human exposure at the recommended dose of 800 mg.
In an embryo-fetal development study in rabbits, pregnant animals 

kg/day resulted in maternal toxicity (decreased food consumption 
and body weight) and reduced fetal weights. The exposure (AUC) at 

human patients at the recommended dose of 800 mg. 
8.2. Lactation 
Risk Summary
There are no data on the presence of umbralisib in human milk or 
the effects on the breastfed child or milk production. Because of 
the potential for serious adverse reactions from umbralisib in the 
breastfed child, advise women not to breastfeed during treatment 
with UKONIQ and for one month after the last dose.
8.3. Females and Males of Reproductive Potential 
UKONIQ may cause fetal harm when administered to a pregnant woman 

. 
Pregnancy Testing 
Verify pregnancy status in females of reproductive potential prior to 
initiating UKONIQ. 
Contraception 
Females 
Advise female patients of reproductive potential to use highly 
effective contraception during treatment with UKONIQ and for at least 

Males 
Advise males with female partners of reproductive potential to use 
effective contraception during treatment with UKONIQ and for one 
month after the last dose. 
Infertility 
Males 

fertility [see Nonclinical Toxicology (13.1)]. Trend for reversibility was 
noted in dogs 30 days after the last dose. 
8.4. Pediatric Use 
Safety and effectiveness of UKONIQ have not been established in 
pediatric patients. 
8.5. Geriatric Use 
Of the 221 patients with MZL or FL who received UKONIQ in clinical 
studies, 56% of patients were 65 years of age and older, while 19% 
were 75 years of age and older. No overall differences in effectiveness 
or pharmacokinetics were observed between these patients and 
younger patients. In patients 65 years of age and older, 23% 
experienced serious adverse reactions compared to 12% in patients 
younger than 65 years of age. There was a higher incidence of 
infectious serious adverse reactions in patients 65 years of age or older 

8.6. Renal Impairment 
No dose adjustment is recommended in patients with mild or 
moderate renal impairment (creatinine clearance [CLcr] 30 to 
89 mL/min estimated by Cockcroft-Gault equation) [see Clinical 
Pharmacology (12.3)]. UKONIQ has not been studied in patients with 
severe renal impairment ([CLcr] < 30 mL/min).
8.7. Hepatic Impairment 
No dose adjustment is recommended for patients with mild hepatic 

ULN or total bilirubin >1 to 1.5 × ULN and any AST) [see Clinical 
Pharmacology (12.3)]. UKONIQ has not been studied in patients with 
moderate (total bilirubin > 1.5 to 3 × ULN and any AST) or severe 
hepatic impairment (total bilirubin > 3 × ULN and any AST).
14. CLINICAL STUDIES 
14.1. Marginal Zone Lymphoma 

UTX-TGR-205 (NCT02793583), an open-label, multi-center, multi-cohort 
trial. Patients with MZL were required to have received at least one 
prior therapy, including an anti-CD20 containing regimen. The trial 
excluded patients with prior exposure to a PI3K inhibitor. Patients 
received UKONIQ 800 mg orally once daily until disease progression or 
unacceptable toxicity. 
A total of 69 patients with MZL [extranodal (N=38), nodal (N=20), and 
splenic (N=11)] were enrolled in this cohort. The median age was 67 

were Black, 3% were Asian, 7% were Other, and 97% had a baseline 
ECOG performance status of 0 or 1. Patients had a median number of 
prior lines of therapy of 2 (range: 1 to 6), with 26% being refractory to 
their last therapy. 

Independent Review Committee (IRC) using criteria adopted from 
the International Working Group criteria for malignant lymphoma. 
The median follow-up time was 20.3 months (range: 15.0 to 28.7 

Endpoint 
ORR, n (%)a 
    95% CI 37.0, 61.6 
CR, n (%) 11 (16) 
PR, n (%) 23 (33) 
DOR 
    Median, months (95% CI)b NR (9.3, NE) 
    Range, months 0.0+, 21.8+ 

Independent Review Committee; ORR, overall response rate; NE, not evaluable; 
NR, not reached; PR, partial response.

aPer IRC according to Revised International Working Group Criteria
bBased on Kaplan-Meier estimation
+Denotes censored observation 
The median time to response was 2.8 months (range: 1.8 to 21.2 

the 3 MZL sub-types (extranodal, nodal, and splenic, respectively).
14.2. Follicular Lymphoma 

Study UTX-TGR-205, an open-label, multi-center, multi-cohort trial 
(NCT02793583). Patients with relapsed or refractory FL were required 
to have received at least two prior systemic therapies, including an 
anti-CD20 monoclonal antibody and an alkylating agent. The trial 
excluded patients with Grade 3b FL, large cell transformation, prior 
allogeneic transplant, history of CNS lymphoma, and prior exposure to 
a PI3K inhibitor. Patients received UKONIQ 800 mg orally once daily 
until disease progression or unacceptable toxicity.
A total of 117 patients with FL were enrolled in this cohort. The median 
age was 65 years (range: 29 to 87 years), 38% were female, 80% were 

disease and 97% had a baseline ECOG performance status of 0 to 1. 
Patients had a median of 3 prior lines of therapy (range: 1 to 10), with 
36% refractory to their last therapy. 

Independent Review Committee (IRC) using criteria adopted from 
the International Working Group criteria for malignant lymphoma. 
The median follow-up time was 20.1 months (range: 13.5 to 29.6 

 

Endpoint 
ORR, n (%)a 
    95% CI 33.6, 52.2 
CR, n (%) 
PR, n (%) 
DOR 
    Median months (95% CI)b 
    Range, months 0.0+, 20.9+ 

 
Independent Review Committee; ORR, overall response rate; PR, partial response.

aPer IRC according to Revised International Working Group Criteria
bBased on Kaplan-Meier estimation
+Denotes censored observation

17. PATIENT COUNSELING INFORMATION 
Advise patients to read the FDA-approved patient labeling 

Infections 
Advise patients that UKONIQ can cause serious infections that 
may be fatal. Advise patients to immediately report any signs or 
symptoms of infection (e.g., fever, chills, weakness) [see Warnings 
and Precautions (5.1)]. 
Neutropenia 
Advise patients of the need for periodic monitoring of blood counts 
and to notify their healthcare provider immediately if they develop a 
fever or any signs of infection [see Warnings and Precautions (5.2)].
Diarrhea or Non-infectious Colitis  
Advise patients that they may experience loose stools or diarrhea 
and should contact their healthcare provider with any persistent or 
worsening diarrhea. Advise patients to maintain adequate hydration 
[see Warnings and Precautions (5.3)].
Advise patients of the possibility of colitis and to notify their 
healthcare provider of any abdominal pain/distress [see Warnings and 
Precautions (5.3)]. 
Hepatotoxicity 

enzymes and the need for periodic monitoring of liver tests. Advise 
patients to report symptoms of liver dysfunction including jaundice 
(yellow eyes or yellow skin), abdominal pain, bruising, or bleeding 
[see Warnings and Precautions (5.4)]. 
Severe Cutaneous Reactions 
Advise patients that UKONIQ may cause a severe skin rash and to 
notify their healthcare provider immediately if they develop a new or 
worsening skin rash [see Warnings and Precautions (5.5)]. 

Embryo-Fetal Toxicity 
Advise pregnant women and females of reproductive potential of  
the potential risk to a fetus. Advise females of reproductive potential  
to inform their healthcare provider of a known or suspected pregnancy 

 
.

Advise females of reproductive potential to use effective contraceptive 
during treatment with UKONIQ and for one month after the last dose 

. 
Advise males with female partners of reproductive potential to use 
effective contraceptive during treatment with UKONIQ and for one 
month after the last dose . 
Lactation 
Advise women not to breastfeed during treatment with UKONIQ and 
for one month after the last dose . 
Infertility 
Advise males of reproductive potential that UKONIQ may impair 
fertility . 
Allergic Reactions Due to Inactive Ingredient FD&C Yellow No. 5 
Advise patients that UKONIQ contains FD&C Yellow No. 5 (tartrazine), 
which may cause allergic-type reactions in certain susceptible persons 
[see Warnings and Precautions (5.6)].
Administration 
Inform patients to take UKONIQ orally once daily at approximately 
the same time each day with food and how to make up a missed 
or vomited dose. Advise patients to swallow tablets whole. Advise 
patients not to crush, break, cut or chew tablets [see Dosage and 
Administration (2.1)].
You are encouraged to report negative side effects of prescription 
drugs to the FDA. Visit MedWatch or call 1-800-FDA-1088.
Distributed by: 
TG Therapeutics, Inc.

Edison, NJ 08837
For patent information:  
https://www.tgtherapeutics.com/our-products/patent/  
UKONIQ™ is a trademark of TG Therapeutics, Inc.  
© TG Therapeutics, Inc. 2021 
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Goy Looks for Options Beyond First-line R-CHOP in DLBCL
by CAROLINE SEYMOUR

RITUXIMAB (RITUXAN) PLUS cyclo-
phosphamide, doxorubicin, vincristine, and 
prednisone (R-CHOP) is not a suitable front-
line treatment regimen for all patients with 
diffuse large B-cell lymphoma (DLBCL), 
explained Andre H. Goy, MD. In a presenta-
tion during the 25th Annual International 
Congress on Hematologic 
Malignancies®, Goy specified 
that patients who are considered 
high risk per the International 
Prognostic Index (IPI), elderly 
patients, and those with high-risk 
molecular subtypes require alter-
native treatment.

“The old standard of R-CHOP, 
which was a great accomplishment and 
progress in large cell lymphoma, is no 
longer valid in over half of patients,” 
said Goy, who is physician-in-chief of the 
Hackensack Meridian Health Oncology 
Care Transformation Service, chairman 
and chief physician officer at John 
Theurer Cancer Center, Lydia Pfund 
Chair for Lymphoma, academic chair-
man for oncology at Hackensack Meridian 
School of Medicine, and professor of 
medicine – Georgetown University, 
Hackensack, New Jersey.

Approximately 50% of patients with 
DLBCL are cured with R-CHOP induction 
therapy. However, 20% to 30% of patients 
will relapse and 10% to 15% will experience 
primary failures.1,2

Patients with a high-risk IPI have partic-
ularly poor overall survival (OS) with 
R-CHOP compared with low- and interme-
diate-risk patients. In a real-world analysis, 
patients with a high IPI of 4 or 5 who 
received R-CHOP had a median OS of  
4.5 years vs a median OS that had not been 
reached in patients with a low IPI of 0 or  
1 at a median follow-up of 6 years.2

Patients with double-hit lymphoma 
(DHL) also fare poorly with R-CHOP, Goy 
said. Typically, these patients are recom-
mended for allogeneic stem cell transplant. 
However, findings from the phase 2 ZUMA-
12 trial (NCT03761056), presented at the 
2020 American Society of Hematology 

Annual Meeting and Exposition, demon-
strated encouraging results with the 
CD19-directed CAR T-cell therapy axicabta-
gene ciloleucel (axi-cel; Yescarta) as 
consolidation in patients with DHL or 
DLBCL with an IPI of 3 or greater.

In the study, patients received 2 cycles 
of rituximab and chemotherapy, 
and if they were positron emis-
sion tomography (PET) positive, 
they received axi-cel as consol-
idation. The objective response 
rate (ORR) with this approach 
was 85%, comprising a complete 
response (CR) rate of 74% (n = 20) 
and a partial response rate 

of 11% (n = 3).3

Other potential strategies for patients 
with DHL include the addition of veneto-
clax (Venclexta) to R-CHOP, particularly 
in patients with BCL2 positivity or over-
expression, Goy said. Such a strategy is 
based on a matched analysis of patients 
who received R-CHOP vs R-CHOP plus 
venetoclax in the phase 3 GOYA trial 
(NCT01287741) and phase 1/2 CAVALLI 
trial (NCT02055820), respectively.4,-

According to the analysis, 65% and 70% 
of patients with BCL2 positivity and BCL2 
overexpression experienced a CR with 
R-CHOP/venetoclax, respectively, in the 
CAVALLI trial vs 60% and 48% of patients 
who received R-CHOP alone, respectively, 
in the GOYA trial.

These data served as the rationale for 
an ongoing phase 1 trial (NCT03036904), 
which is evaluating dose-adjusted 
R-CHOP plus etoposide (R-EPOCH) plus 
venetoclax or dose-adjusted R-EPOCH 
alone in patients with DHL.6 The study 
will also compare R-CHOP plus veneto-
clax with R-CHOP alone in patients with 
double expression.

Mutated TP53 is another high-risk 
feature that confers early resistance to 
frontline treatment, Goy explained. In 
a large cohort of patients with DLBCL 
who received R-CHOP, those with TP53 
mutations had worse overall and progres-
sion-free survival compared with those 
without. The median OS of 395 patients 
with wild-type TP53 was 94.49 months vs 
52.90 months in the 111 patients with TP53 
mutations (HR, 0.5320; 95% CI, 0.37-0.76).7

CLINICAL IMPLICATIONS.  Curabi l i ty  With R-CHOP  
Is  Not an Option for  Al l

Factors for patients who may achieve a cure with 
R-CHOP include:

• Low-risk IPI
• Early-stage disease
• GC phenotype subgroup with a low proliferation rate
• GC subgroup with no molecular high-risk features

Options beyond R-CHOP are needed for patients  
with the following characteristics:

• High-risk IPI
• Elderly patients
• High-risk molecular subtypes:

 ◦ Non-GC subgroup DLBCL
 ◦ Double or triple hit lymphoma
 ◦ Double-expressor lymphoma 
 ◦ Complex genetics (often transformed)
 ◦ TP53 expression

• MRD–positive patients following therapy

IPI, International Prognostic Index; GC, germinal center; MRD, minimal  
residual disease.

Andre H. Goy, MD
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To that end, another regimen that 
has been put forth as an alternative 
for patients with poor-risk features is 
that of rituximab plus lenalidomide 
(Revlimid) and ibrutinib (Imbruvica). In 
the relapsed/refractory setting, the regi-
men led to an ORR of 44% and a CR rate 
of 28%.8 In the activated B-cell subtype, 
the ORR was 65% and the CR rate was 
41%. These findings led to a phase 2 trial 
(NCT02636322) in the frontline setting, 
which evaluated the same regimen plus 

chemotherapy in patients with the adverse 
prognostic variables of nongerminal center 
B-cell subtype, Ki-67 of greater than 
80%, and double expression. The results 
demonstrated comparable outcomes with 
other patients, with an ORR of 86% and a 
CR rate of 36%.9

“This is interesting because you can 
potentially kill the clones that are p53 
positive and then can use chemotherapy 
afterward,” Goy said.

Other approaches that are under study 

as a way to build upon R-CHOP include 
combinations with targeted therapies, such 
as with copanlisib (Aliqopa) and selinexor 
(Xpovio); monoclonal antibodies, such as 
tafasitamab-cxix (Monjuvi); antibody-drug 
conjugates, such as polatuzumab vedotin-
piiq (Polivy); as well as with checkpoint 
inhibitors and bispecific T-cell engagers, 
Goy concluded. ■

For a full list of references,  
see the article at bit.ly/3d5QjeT. 

CAR Agents Show Durability in Several Lymphoma Subtypes
by HAYLEY VIRGIL

CD19-TARGETED CHIMERIC ANTIGEN 
receptor (CAR) T-cell therapies have yielded 
durable remissions in approximately half of 
all patients with aggressive relapsed/refrac-
tory B-cell lymphomas, Caron Jacobson, 
MD, MMSc, said in a presentation during 
the 25th Annual International Congress on 
Hematologic Malignancies®, and efforts are 
now focused on overcoming mecha-
nisms of resistance and improving 
the safety of these products.1

“Across the globe, CAR T trials 
are expanding exponentially. The 
field is growing beyond hemato-
logic malignancies and [products 
are being evaluated in] solid 
tumors,” said Jacobson, who is an 
assistant professor of medicine 
at Harvard Medical School, as well as the 
medical director of the Immune Effector 
Cell Therapy Program at the Dana-Farber 
Cancer Institute in Boston, Massachusetts. 
“I want to remind everyone that target-
ing CD19 with CAR T-cell therapy has led 
to durable remissions in 40% to 50% of 
patients with aggressive B-cell non-Hod-
gkin lymphoma, leading to FDA approvals 
in diffuse large B-cell lymphoma [DLBCL], 
high-grade B-cell lymphoma, transformed 
follicular lymphoma, and primary medi-
astinal B-cell lymphoma in the third-line 
[setting] and beyond.”

The encouraging responses observed in 
patients with large B-cell lymphoma (LBCL) 
have been reported in several studies. For 

example, in the phase 1/2 ZUMA-1 trial 
(NCT02348216), axicabtagene ciloleu-
cel (axi-cel; Yescarta) elicited a complete 
response (CR) rate of 54%, with 40% of 
patients maintaining a CR at a median 
follow-up of 15.4 months.2 Similarly, in 
the phase 2 JULIET study (NCT02445248), 
tisagenlecleucel (tisa-cel; Kymriah) yielded 

a CR rate of 40%, with an esti-
mated relapse-free survival rate 
of 65%.3 Additionally, in the phase 
1 TRANSCEND NHL 001 trial 
(NCT02631044), lisocabtagene 
maraleucel (liso-cel; Breyanzi) elic-
ited a 53% CR rate in this patient 
population (TIMELINE).4

A recent update from ZUMA-1, 
which was presented during 

the 2020 American Society of Hematology 
Annual Meeting & Exposition, confirmed 
the long-term benefit of axi-cel.5 After a 
median follow-up of 51.1 months, patients 
who received axi-cel experienced a median 
overall survival (OS) of 25.8 months with 
an estimated 4-year OS rate of 44%. The 
median OS for the entire study population 
was 17.4 months with an estimated 4-year 
OS rate of 41%.

In the phase 2 ZUMA-12 trial 
(NCT03761056), investigators are evaluat-
ing the use of axi-cel as a first-line treatment 
in patients with high-risk LBCL.6 Early 
data from the interim analysis of the trial 
showed that the CAR T-cell product elicited 
an overall response rate (ORR) of 85%, 

which included a CR rate of 74%. These 
responses are even higher than what has 
been observed in patients who receive 
CAR T-cell therapy in later-line settings, 
Jacobson noted.

EFFICACY GAINS OBSERVED IN OTHER 
LYMPHOMA SUBTYPES
CAR T-cell therapy has shown similar 
promise in patients with other lymphoma 
subtypes, such as mantle cell lymphoma 
(MCL). Brexucabtagene autoleucel (brexu-
cel; Tecartus) received approval from the 
FDA in July 2020 for use in adult patients 
with relapsed/refractory MCL; it was the 
first CAR T-cell product to receive regulatory 
approval for this population.7 The decision 
was based on data from the phase 2 
ZUMA-2 study (NCT02601313). Here, the 
agent demonstrated an ORR of 93% (95% CI, 
84%-98%), which comprised a 67% CR rate 
and a 27% partial response (PR) rate.8

“[At] an average of 17.5 months of 
follow-up, about 60% of patients maintained 
their response,” Jacobson said.

Similar benefit was seen in patients with 
MCL who were treated with liso-cel 
in TRANSCEND NHL 001. Here, the CAR 
T-cell product yielded an ORR of 84% (95% CI, 
67%-95%), which included a CR rate of 66% 
and a PR rate of 19%.9 However, the follow-up 
on this study was relatively short at a median 
of 5.9 months (range, 0.4-24.8), meaning 
more mature data are needed to understand 
response durability, Jacobson added.

Caron Jacobson, 
MD,MMSc
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In the phase 2 ZUMA-5 study 
(NCT03105336), patients with follicu-
lar lymphoma or marginal cell lymphoma 
(MZL) who had relapsed/refractory disease 
following at least 2 lines of therapy received 
axi-cel.10 The overall patient population 
experienced an ORR of 92% with the CAR 
T-cell product, which included a CR rate of 
76%. Patients with follicular lymphoma had 
an ORR of 94% and a CR rate of 80%, and 
patients with MZL had an ORR of 95% and a 
CR rate of 60%. The results of the trial led to 
the approval of the therapy in March.

“Seventy to 80% of patients maintained 
their response for that time point,” Jacobson 
said. “In a disease such as follicular 
lymphoma, we need a very long follow-up to 
understand how a therapy like this is trans-
forming the natural history of this disease. 
Remember, these patients were treated 
in the third line and beyond with exist-
ing therapies such as PI3K inhibitors [and 
have] a median progression-free survival of 
10 to 13 months.”

Additionally, tisa-cel demonstrated very 
promising results in the phase 2 ELARA 
study (NCT03568461) when evaluated in 
patients with relapsed/refractory follicular 
lymphoma, according to Jacobson.11 After a 
median follow-up of 10 months, patients who 
received the CAR T-cell therapy experienced 
an ORR of 82.7%, which included a CR 
rate of 65.4% and a PR rate of 17.3%. The 
median duration of response had not 
yet been reached.

There is also reason to believe that CAR 
T-cell therapy could have a place in the 
Hodgkin lymphoma treatment paradigm.

“We have heard over the past several 
years about CD30-directed CAR T cells 
from Baylor University and the University 
of North Carolina to treat [patients with] 
Hodgkin lymphoma,” Jacobson said. “Based 
on their phase 1 experience where 41 [heav-
ily pretreated] patients… [were given] 
fludarabine-based lymphodepletion, we’re 
seeing ORRs as high as 72% and CR rates as 
high as 60% in multiply-relapsed [patients 
with] classic Hodgkin lymphoma.”12

TOXICITIES ASSOCIATED  
WITH CAR T-CELL THERAPY
The primary toxicities associated with 
CAR T-cell therapy are cytokine release 

syndrome (CRS) and neurotoxicities. Grade 
3 CRS, which can lead to intensive care unit 
intervention, occurs slightly more often 
in patients who receive CARs with CD28 
costimulatory domains such as axi-cel 
(13%) and brexu-cel (15%), compared with 
those with 4-1BB domains like liso-cel 
(2%), according to Jacobson. Additionally, 
CD28-targeted products tend to have 
higher rates of grade 3 or higher neurotox-
icity, as has been seen with axi-cel (28%) 
and brexu-cel (31%). By comparison, tisa-
cel (12%) and liso-cel (10%) have shown 
lower rates of CRS.

“If you compare the results of the ZUMA-5 
study with the ZUMA-1 study, you can see a 
lower rate of grade 3 or higher CRS, as well 
as neurologic toxicity,” said Jacobson. “When 
you compare the ELARA study with the 
JULIET study, looking at the same product 
in a different indication, you’re also seeing 
an improvement in rates of grade 3 or higher 
CRS and neurologic toxicity.”

LOOKING TO THE FUTURE
The field has seen some emerging data for 
dual antigen–targeted CAR T-cell therapies, 
which target CD19 and an additional antitu-
mor antigen. In a phase 1 study, a CAR T-cell 
product that targeted CD19 and CD20 4-1BBz 
elicited an ORR of 82% and a CR rate of 64% 
in patients with DLBCL.13

“The same product was used in a multi-
center study in Europe and presented at [the 
2020] ASH [Annual Meeting & Exposition],” 
Jacobson said. “The turnaround time for 
these CAR T cells was 14 days and only 
12 patients were treated, but you can see 
response rates were 75% and CR rates were 
42%.…These numbers are not so much better 
than what we’re seeing with single-antigen 
CD19 CARs. Maybe dual-antigen CARs aren’t 
the [complete] answer.”

Jacobson also spoke about the growing 
understanding regarding neurotoxicity in 
patients with lymphoma who are treated 
with CAR T-cell therapies. Ongoing clinical 
trials exploring different inhibitor molecules 
and cytokine molecules to prevent and treat 
neurological toxicities, should they develop, 
Jacobson concluded. ■

For a full list of references,  
see the article at bit.ly/3cZjKiE. 

TIMELINE. Approvals  of  CAR T-Cel l  
Therapies for  Lymphoma

CAR, chimeric antigen receptor.

Tisagenlecleucel (Kymriah) is 
approved for the treatment of 
children and young adults up to 
the age of 25 years with B-cell 
precursor acute lymphoblastic 
leukemia (ALL) that is refractory 
or in second or later relapse.

Axicabtagene ciloleucel  
(Yescarta) is approved for the 
treatment of adult patients with 
relapsed or refractory large 
B-cell lymphoma after ≥ 2 lines 
of systemic therapy, including 
diffuse large B-cell lymphoma 
(DLBCL) not otherwise specified, 
primary mediastinal large B-cell 
lymphoma, high-grade B-cell 
lymphoma, and DLBCL arising 
from follicular lymphoma.

Tisagenlecleucel receives 
a second indication for the 
treatment of adult patients with 
relapsed or refractory large 
B-cell lymphoma after ≥ 2 lines 
of systemic therapy including 
DLBCL not otherwise specified, 
high-grade B-cell lymphoma, 
and DLBCL arising from  
follicular lymphoma.

Lisocabtagene maraleucel 
(Breyanzi) is approved for the 
treatment of adult patients with 
relapsed or refractory large 
B-cell lymphoma after ≥ 2 lines 
of systemic therapy, including 
DLBCL not otherwise specified, 
DLBCL arising from indolent 
lymphoma, high-grade B-cell 
lymphoma, primary mediastinal 
large B-cell lymphoma, and 
follicular lymphoma grade 3B.

Brexucabtagene autoleucel 
(Tecartus) is approved for the 
treatment of adult patients with 
relapsed or refractory mantle 
cell lymphoma.

Axicabtagene ciloleucel  
receives accelerated approval 
for the treatment of adult  
patients with relapsed or refrac-
tory follicular lymphoma after 
≥ 2 lines of systemic therapy.

2017
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2020
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Genomic alteration cohorts  
(n = 50 each)

•  EGFR (del19 and L858R)

•  ROS1

•  ALK

•  KRAS
Eligibility criteria

•  Patients aged 18 to 39 years at 
the time of diagnosis

•  Primary NSCLC with 
documentation

•  Testing for genomic drivers of lung 
cancer, documented by a CLIA-
certified lab

•  Willingness to undergo all study 
procedures

N
 =

 2
50

Study elements

•  Epidemiological survey: 
approximately 200 questions 
in online format

•  Blood donation for analysis

Primary end point

•  Exploratory epidemiology 
correlations between variables, 
including demographic factors, 
medical history, smoking history, 
early life exposures (child and 
mother), residential history, 
occupational history, menstrual 
and reproductive history, diet, 
and physical activity

Other NSCLC  
(n = 25 each)

•  Uncommon aberrations for 
which targeted therapy exists: 
RET or NTRK fusions, BRAF 
V600E and MET exon14  
skipping mutations

•  Mutations without targeted 
therapy in: TP53, NF1,  
PIK3CA, RB, non-V600E BRAF, 
and NTRK

Investigators Launch Epidemiology Study  
in Younger Patients With NSCLC
by DENISE MYSHKO

DURING THE PAST DECADE, evidence 
has been building that non–small cell 
lung cancer (NSCLC) has a distinct clin-
ical and genomic profile in patients 40 
years and younger. Now investigators have 
launched the Epidemiology of Young Lung 
Cancer (EoYLC) study (NCT04640259) to 
identify risk factors that can help shed 
light on why lung cancer develops in the 
younger population.1 

Using an innovative web-based format, 
the EoYLC study will survey patients diag-
nosed with primary NSCLC before age 40 
about their medical history, demographics, 
and environmental exposures, along with 
other epidemiological questions. Patients also 
will be asked to submit blood samples for 
genetic analysis.

The Addario Lung Cancer Medical 
Institute (ALCMI) is sponsoring the study 
in collaboration with the GO2 Foundation 
for Lung Cancer. Investigators are seek-
ing to build on findings from the Genomics 
of Young Lung Cancer (GoYLC) study 
(NCT02273336), also conducted by the 

ALCMI in patients younger than 40 years, 
which found that approximately 84% of 
participants with lung adenocarcinoma, the 
most prevalent NSCLC subtype, had specific 
genomic mutations treatable with targeted 
therapies. This is a significantly 
higher percentage than found in the 
general lung cancer population.2

“We’re trying to understand the 
personal exposures that could be 
responsible for the increasing inci-
dence of lung cancer in young 
adults,” said coprincipal investigator 
Jorge J. Nieva, MD, associate profes-
sor of clinical medicine at the University 
of Southern California’s Keck School of 
Medicine in Los Angeles. “This could help 
clinicians to identify and target younger, 
high-risk patients for further screening 
either with CT scans or biopsies.”

CHARACTERISTICS OF  
YOUNGER PATIENTS
Lung and bronchus cancers are the 
second most common malignancy (behind 

female breast cancer) in the United States, 
representing 12.7% of all new diagno-
ses, according to the National Cancer 
Institute’s Surveillance, Epidemiology, and 
End Results Program (SEER). Lung cancer 

is most frequently diagnosed 
among patients aged 65 to 74 years 
(median, 71), with only 0.2% of new 
cases detected in patients aged 20 to  
34 years and 0.9% in those aged 35 
to 44 years. Similarly, only 0.1% of 
those who die of lung and bronchus 
cancer are aged 20 to 34 years and 
0.6% are aged 35 to 44 years.3

Investigators are beginning to under-
stand that lung cancer in younger patients 
is different from that of older patients. 
Patients with NSCLC 40 years or younger 
typically present with nonspecific respira-
tory symptoms and have advanced disease 
at diagnosis, according to findings from a 
study by investigators from Harvard Medical 
School and Massachusetts General Hospital, 
both in Boston. Results were published in 
Clinical Lung Cancer in October 2020.4 

Jorge J. Nieva, MD

CLIA, Clinical Laboratory Improvement Amendments; NSCLC, non‒small cell lung cancer.

FIGURE. Epidemiology of Young Lung Cancer1
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The retrospective analysis is the largest 
study of the clinicopathologic features of 
lung cancer in younger patients, investi-
gators said. They determined presenting 
symptoms, clinical and genomic character-
istics, and imaging features for 166 patients 
treated at Massachusetts Genera Hospital 
between January 1998 and December 2018 and 
compared these factors with information about 
older patients gleaned from SEER statistics.

The findings show that patients 40 
years and younger were more likely than 
those 40 years or older, respectively, to be 
never-smokers (65% vs 14.7%), have the 
adenocarcinoma subtype (86.0% vs 51.9%), 
and present with advanced disease (88.0% vs 
65.7%). The mutational profile also differed 
in the incidence of alterations in younger 
patients compared with older patients, 
respectively, for ALK (35% vs 5%), EGFR 
(23.5% vs 12.5%), ROS (7.2% vs 1.5%), and 
KRAS (4.2% vs 22.5%).4 

The results of this study are similar to 
those of other analyses that show younger 
patients with NSCLC are more likely than 
older patients to be diagnosed with late-stage 
disease, are less likely to have smoked, and 
are more likely to have gene mutations.5-8 

A study published in JAMA Oncology 
found that, among patients tested for  
5 genetic alterations, younger age was  
associated with an increased frequency of 
a targetable genotype (P < .001). Patients 
diagnosed with NSCLC before the age of  
50 had a 59% increased likelihood of 
harboring a targetable genotype compared 
with older patients. Genomic alterations 
were observed in 78% of patients younger 
than 50 (n = 160) vs 49% of those older than 
50 (n = 547).8  

Although smoking remains the biggest 
risk factor for the development of lung 
cancer,3 the fact that many younger patients 
with NSCLC have never smoked raises 
important research questions. 

For example, investigators for the GoYLC 
study presented preliminary data at the 
2016 American Society of Clinical Oncology 
Annual Meeting showing that patients with 
ROS1 fusion were never-smokers without 
exposure to secondhand smoke and that, 
compared with those with EGFR and ALK 
aberrations, had a higher proportion of 
family history of lung cancer.5

The EoYLC study will explore underly-
ing factors associated with the development 
of the malignancy, Nieva said. “For patients 
who have driver mutations such as EGFR, 
ALK, ROS1, NTRK, and others, smoking plays 
almost no role in the disease,”  he said in an 
interview. “The question, then, is what does? 
At this point, we really don’t know and that’s 
why this is study is necessary.”

EOYLC STUDY DETAILS
The impetus for studying risk 
factors for younger patients began 
with the lung cancer death of a 
22-year-old athletic never-smoker, 
explained Bonnie J. Addario, founder 
of ALCMI, in an article for CURE®.9 
With its focus on genomics in this patient 
population, the GoYLC study was the first 
of its kind, said Addario, a stage IIIB lung 
cancer survivor whose foundation has spon-
sored a keynote lecture for the past 13 years 
at the International Lung Cancer Congress® 
that is hosted annually in July by Physicians’ 
Education Research®, LLC, (PER®).

For the EoYLC study, investigators are 
seeking to recruit 250 patients with primary 
NSCLC between the ages of 18 and 39 years 
who live in the United States. Participants 
will be asked to complete an online survey 
of approximately 200 questions about their 
medical history, demographics, active and 
passive smoking history, environmental 
exposures, and lifestyle (FIGURE). The 
primary end point is correlations between 
these variables.

Investigators will also ask participants to 
provide a blood sample for future correla-
tive studies. The samples will be available to 
genetic scientists, and EoYLC organizers are 
seeking proposals for further study.

“We don’t have a defined experimen-
tal technique already planned for the blood 
samples,” Nieva said. “The hope is that by 
letting different people look at this data-
set, we will be able to hopefully confirm any 
findings from 1 laboratory to another.”

Participants will be divided into 5 cohorts 
with 50 patients each, based on mutational 
status, with groups for those with EGFR, 
ROS1, ALK, and KRAS alterations and a 
cohort for other NSCLCs. The final cohort be 
separated into 2 groups of 25 patients each. 
The first will include uncommon NSCLC 

aberrations for which targeted therapies 
exist such as RET or NTRK fusions, and BRAF 
V600E, MET exon 14 skipping mutations, and 
other EGFR mutations. The second group will 
include mutations without targeted therapies, 
including those in TP53, NF1, PIK3CA, RB1, 
non-V600E BRAF, and NTRK.

In the first week after the study was 
opened in February 2021, investi-
gators recruited 30 patients, Nieva 
said, adding that he hopes to have 
enrollment completed within  
6 months and to have an analysis 
available in 2022.

Also serving as coprincipal 
investigators for the study are 
Barbara Gitlitz, MD, medical direc-

tor, product development at Genentech; and 
Narjust Duma, MD, assistant professor in 
hematology/oncology at the University of 
Wisconsin in Madison. ■
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COSELA™ (trilaciclib) helps 
protect hematopoietic 
stem and progenitor cells 
(HSPCs), the source of 
blood cell lineages

INDICATION
COSELA is indicated to decrease the incidence of chemotherapy-induced myelosuppression in adult patients when administered prior 
to a platinum/etoposide-containing regimen or topotecan-containing regimen for extensive-stage small cell lung cancer (ES-SCLC).

* COSELA was evaluated in 3 randomized, double-blind, placebo-controlled clinical studies. The Pivotal Study (Study 1) evaluated COSELA or placebo 
administered prior to treatment with E/P/A in 107 patients with newly diagnosed ES-SCLC not previously treated with chemotherapy. In this study, COSELA 
significantly reduced the primary endpoints of incidence (adjusted relative risk [aRR] 0.038 [95% CI, 0.008, 0.195], P<0.0001) and duration in Cycle 1 (mean 
difference -3.6 [95% CI, -4.9, -2.3], P<0.0001) of severe neutropenia and significantly decreased the rate of all-cause chemotherapy dose reductions (aRR 
0.242 [95% CI, 0.079, 0.742). The incidence of Grade 3/4 anemia was 19% and 28% (aRR 0.663 [95% CI, 0.336, 1.310]) and RBC transfusions on/after 5 weeks 
were 13% and 21% (aRR 0.642 [95% CI, 0.294, 1.404) with and without COSELA, respectfully.

Reference: COSELA (trilaciclib). Prescribing Information. G1 Therapeutics, Inc; 02/2021.

G1 Therapeutics™ and the G1 Therapeutics logo, COSELA™ and the COSELA logo are trademarks of G1 Therapeutics, Inc.
©2021 G1 Therapeutics, Inc. All rights reserved. US-2000037 03/2021

To report suspected adverse reactions, contact G1 Therapeutics at 1-800-790-G1TX 
or FDA at 1-800-FDA-1088 or www.fda.gov/medwatch. 
This information is not comprehensive. Please see the Brief Summary of Prescribing 
Information on the adjacent page.

SPARE THE MARROW. SPEAR THE TUMOR.
COSELA HELPS PROTECT AGAINST MYELOSUPPRESSION, WHILE CHEMOTHERAPY TARGETS CANCER CELLS

NEW to decrease the incidence of chemotherapy-induced 
myelosuppression in patients when administered prior to a platinum/
etoposide-containing regimen or topotecan-containing regimen

FOR EXTENSIVE-STAGE 
SMALL CELL LUNG 
CANCER (ES-SCLC)

PROACTIVELY HELP PROTECT AGAINST MULTIPLE MYELOSUPPRESSIVE CONSEQUENCES 
WITH THE FIRST AND ONLY MYELOPROTECTION THERAPY
The Pivotal Study (Study 1) compared an etoposide/carboplatin + atezolizumab (E/P/A) regimen with 
COSELA vs without COSELA*

SELECT IMPORTANT SAFETY INFORMATION
CONTRAINDICATION
•  COSELA is contraindicated in patients with a history of serious 

hypersensitivity reactions to trilaciclib.

WARNINGS AND PRECAUTIONS
Injection-Site Reactions, Including Phlebitis 
and Thrombophlebitis
•  COSELA administration can cause injection-site reactions, including 

phlebitis and thrombophlebitis, which occurred in 56 (21%) of 
272 patients receiving COSELA in clinical trials, including Grade 2 
(10%) and Grade 3 (0.4%) adverse reactions. Monitor patients for 
signs and symptoms of injection-site reactions, including infusion-
site pain and erythema during infusion. For mild (Grade 1) to 
moderate (Grade 2) injection-site reactions, flush line/cannula with 
at least 20 mL of sterile 0.9% Sodium Chloride Injection, USP or 5% 
Dextrose Injection, USP after end of infusion. For severe (Grade 3) 
or life-threatening (Grade 4) injection-site reactions, stop infusion 
and permanently discontinue COSELA. Injection-site reactions led 
to discontinuation of treatment in 3 (1%) of the 272 patients.

Acute Drug Hypersensitivity Reactions
•  COSELA administration can cause acute drug hypersensitivity 

reactions, which occurred in 16 (6%) of 272 patients receiving 
COSELA in clinical trials, including Grade 2 reactions (2%). Monitor 
patients for signs and symptoms of acute drug hypersensitivity 
reactions. For moderate (Grade 2) acute drug hypersensitivity 

reactions, stop infusion and hold COSELA until the adverse reaction 
recovers to Grade ≤1. For severe (Grade 3) or life-threatening 
(Grade 4) acute drug hypersensitivity reactions, stop infusion and 
permanently discontinue COSELA.

Interstitial Lung Disease/Pneumonitis
•  Severe, life-threatening, or fatal interstitial lung disease (ILD) and/or 

pneumonitis can occur in patients treated with cyclin-dependent 
kinases (CDK)4/6 inhibitors, including COSELA, with which it 
occurred in 1 (0.4%) of 272 patients receiving COSELA in clinical 
trials. Monitor patients for pulmonary symptoms of ILD/pneumonitis. 
For recurrent moderate (Grade 2) ILD/pneumonitis, and severe 
(Grade 3) or life-threatening (Grade 4) ILD/pneumonitis, permanently 
discontinue COSELA. 

Embryo-Fetal Toxicity
•  Based on its mechanism of action, COSELA can cause fetal harm 

when administered to a pregnant woman. Females of reproductive 
potential should use an effective method of contraception during 
treatment with COSELA and for at least 3 weeks after the final dose.

ADVERSE REACTIONS
•  The most common adverse reactions (≥10%) were fatigue, 

hypocalcemia, hypokalemia, hypophosphatemia, aspartate 
aminotransferase increased, headache, and pneumonia.

FDA BREAKTHROUGH THERAPY DESIGNATION

VISIT COSELA.COM FOR MORE DETAILS
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•  COSELA administration can cause injection-site reactions, including 

phlebitis and thrombophlebitis, which occurred in 56 (21%) of 
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(10%) and Grade 3 (0.4%) adverse reactions. Monitor patients for 
signs and symptoms of injection-site reactions, including infusion-
site pain and erythema during infusion. For mild (Grade 1) to 
moderate (Grade 2) injection-site reactions, flush line/cannula with 
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Dextrose Injection, USP after end of infusion. For severe (Grade 3) 
or life-threatening (Grade 4) injection-site reactions, stop infusion 
and permanently discontinue COSELA. Injection-site reactions led 
to discontinuation of treatment in 3 (1%) of the 272 patients.
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•  COSELA administration can cause acute drug hypersensitivity 

reactions, which occurred in 16 (6%) of 272 patients receiving 
COSELA in clinical trials, including Grade 2 reactions (2%). Monitor 
patients for signs and symptoms of acute drug hypersensitivity 
reactions. For moderate (Grade 2) acute drug hypersensitivity 

reactions, stop infusion and hold COSELA until the adverse reaction 
recovers to Grade ≤1. For severe (Grade 3) or life-threatening 
(Grade 4) acute drug hypersensitivity reactions, stop infusion and 
permanently discontinue COSELA.
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•  Severe, life-threatening, or fatal interstitial lung disease (ILD) and/or 

pneumonitis can occur in patients treated with cyclin-dependent 
kinases (CDK)4/6 inhibitors, including COSELA, with which it 
occurred in 1 (0.4%) of 272 patients receiving COSELA in clinical 
trials. Monitor patients for pulmonary symptoms of ILD/pneumonitis. 
For recurrent moderate (Grade 2) ILD/pneumonitis, and severe 
(Grade 3) or life-threatening (Grade 4) ILD/pneumonitis, permanently 
discontinue COSELA. 

Embryo-Fetal Toxicity
•  Based on its mechanism of action, COSELA can cause fetal harm 

when administered to a pregnant woman. Females of reproductive 
potential should use an effective method of contraception during 
treatment with COSELA and for at least 3 weeks after the final dose.

ADVERSE REACTIONS
•  The most common adverse reactions (≥10%) were fatigue, 

hypocalcemia, hypokalemia, hypophosphatemia, aspartate 
aminotransferase increased, headache, and pneumonia.
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COSELA™ (trilaciclib) for injection, for intravenous use
Initial U.S. Approval: 2021

BRIEF SUMMARY OF PRESCRIBING INFORMATION
INDICATIONS AND USAGE
COSELA is indicated to decrease the incidence of chemotherapy-induced myelosuppression in adult 
patients when administered prior to a platinum/etoposide-containing regimen or topotecan-containing 
regimen for extensive-stage small cell lung cancer (ES-SCLC).

DOSAGE AND ADMINISTRATION
Recommended Dosage
The recommended dose of COSELA is 240 mg/m2 per dose. Administer as a 30-minute intravenous 
infusion completed within 4 hours prior to the start of chemotherapy on each day chemotherapy  
is administered.
The interval between doses of COSELA on sequential days should not be greater than 28 hours.
Missed Treatment Session(s)
If the COSELA dose is missed, discontinue chemotherapy on the day the COSELA dose was missed. 
Consider resuming both COSELA and chemotherapy on the next scheduled day for chemotherapy.
Discontinuation of Treatment
If COSELA is discontinued, wait 96 hours from the last dose of COSELA before resumption  
of chemotherapy only.
Dose Modification for Adverse Reactions
Withhold, discontinue, or alter the administration of COSELA to manage adverse reactions as described 
in Table 1 [see Warnings and Precautions (5)].
Table 1: Recommended Actions for Adverse Reactions

Adverse 
Reaction

Severity Grade* Recommended Action

Injection site 
reactions 
including 
phlebitis and 
thrombophlebitis

Grade 1: Tenderness with or 
without symptoms (e.g., warmth, 
erythema, itching)

Interrupt or slow infusion of COSELA. If 0.9% 
Sodium Chloride Injection, USP is being used 
as a diluent/flush, consider changing to  
5% Dextrose Injection, USP as appropriate  
for subsequent infusions.

Grade 2: Pain; lipodystrophy; 
edema; phlebitis

Interrupt infusion of COSELA. If pain not 
severe, follow instructions for Grade 1. 
Otherwise, stop infusion in extremity and 
rotate site of infusion to site in alternative 
extremity. If 0.9% Sodium Chloride Injection, 
USP is being used as a diluent/flush, consider 
changing to 5% Dextrose Injection, USP as 
appropriate for subsequent infusions. Central 
access may also be considered.

Grade 3: Ulceration or necrosis; 
severe tissue damage; operative 
intervention indicated.
Grade 4: Life-threatening 
consequences; urgent 
interventions indicated.

Stop infusion and permanently  
discontinue COSELA.

Acute drug 
hypersensitivity 
reactions

Grade 2: Moderate; minimal, 
local or noninvasive intervention 
indicated; limiting Activities of 
Daily Living (ADL).

Stop infusion and hold COSELA until recovery 
to Grade ≤1 or baseline, then consider 
resuming COSELA. If Grade 2 recurs, 
permanently discontinue COSELA.

Grade 3: Severe or medically 
significant but not immediately 
life-threatening; hospitalization 
or prolongation of hospitalization 
indicated; disabling; limiting 
self-care ADL.
OR
Grade 4: Life-threatening 
consequences; urgent 
intervention indicated.

Permanently discontinue COSELA.

Interstitial  
lung disease/
pneumonitis

Grade 2 (symptomatic) Hold COSELA until recovery to Grade ≤1 or 
baseline, then consider resuming COSELA.
If Grade 2 recurs, permanently discontinue 
COSELA.

Grades 3: Severe symptoms; 
limiting self-care ADL;  
oxygen indicated.
OR 
Grade 4: Life-threatening 
respiratory compromise; urgent 
intervention indicated (e.g., 
tracheotomy or intubation)

Permanently discontinue COSELA.

Other toxicities

Grade 3: Severe or medically 
significant but not immediately 
life-threatening; hospitalization 
or prolongation of hospitalization 
indicated; disabling; limiting 
self-care ADL.

Hold COSELA until recovery to Grade ≤1 or 
baseline, then consider resuming COSELA. 
If Grade 3 recurs, permanently discontinue 
COSELA. 

Grade 4: Life-threatening 
consequences; urgent 
intervention indicated.

Permanently discontinue COSELA.

*National Cancer Institute – Common Terminology for Adverse Events (NCI-CTCAE) Version 4.03x

CONTRAINDICATIONS 
COSELA is contraindicated in patients with a history of serious hypersensitivity reactions to trilaciclib. 
Reactions have included anaphylaxis [see Warnings and Precautions (5.2)].

WARNINGS AND PRECAUTIONS
Injection-Site Reactions, Including Phlebitis and Thrombophlebitis
COSELA administration can cause injection-site reactions, including phlebitis and thrombophlebitis. 
Injection-site reactions, including phlebitis and thrombophlebitis, occurred in 56 (21%) of 272 patients 
receiving COSELA in clinical trials, including Grade 2 (10%) and Grade 3 (0.4%) adverse reactions (ARs). 
The median time to onset from start of COSELA was 15 days (range 1 to 542) and from the preceding 
dose of COSELA was 1 day (1 to 15). The median duration was 1 day (range 1 to 151 for the resolved 
cases). Injection-site reactions, including phlebitis and thrombophlebitis, resolved in 49 (88%) of the 
56 patients and led to discontinuation of treatment in 3 (1%) of the 272 patients.
Monitor patients for signs and symptoms of injection-site reactions, phlebitis, and thrombophlebitis, 
including infusion-site pain and erythema during infusion. For mild (Grade 1) to moderate (Grade 2) 
injection-site reactions, flush line/cannula with at least 20 mL of sterile 0.9% Sodium Chloride Injection, 
USP or 5% Dextrose Injection, USP after end of infusion. For severe (Grade 3) or life-threatening (Grade 4) 
injection-site reactions, stop infusion and permanently discontinue COSELA [see Dosage and 
Administration (2.2)].
Acute Drug Hypersensitivity Reaction
COSELA administration can cause acute drug hypersensitivity reactions, including facial edema and 
urticaria. Acute drug hypersensitivity reactions occurred in 16 (6%) of 272 patients receiving COSELA in 
clinical trials, including Grade 2 reactions (2%). One patient experienced a Grade 2 anaphylactic reaction 
4 days after receiving COSELA, which resolved with epinephrine, and treatment with COSELA was 
continued. The median time to onset from start of COSELA was 77 days (range 2 to 256) and from the 
preceding dose of COSELA was 1 day (range 1 to 28). The median duration was 6 days (range 1 to 69 for 
the resolved cases). Acute drug hypersensitivity reactions resolved in 12 (75%) of the 16 patients.
Monitor patients for signs and symptoms of acute drug hypersensitivity reactions including facial, eye, 
and tongue edema, urticaria, pruritus, and anaphylactic reactions. For moderate (Grade 2) acute drug  

hypersensitivity reactions, stop infusion and hold COSELA until the adverse reaction recovers to Grade ≤1. 
For severe (Grade 3) or life-threatening (Grade 4) acute drug hypersensitivity reactions, stop infusion and 
permanently discontinue COSELA [see Dosage and Administration (2.2)].
Interstitial Lung Disease/Pneumonitis
Severe, life-threatening, or fatal interstitial lung disease (ILD) and/or pneumonitis can occur in patients 
treated with cyclin-dependent kinases (CDK)4/6 inhibitors, the same drug class as COSELA. ILD/
pneumonitis occurred in 1 (0.4%) of 272 patients receiving COSELA in clinical trials. The adverse reaction 
was Grade 3 and reported 2 months after discontinuing COSELA, in a patient receiving a confounding 
medication. The adverse reaction did not resolve.
Monitor patients for pulmonary symptoms indicative of ILD/pneumonitis such as cough, dyspnea, and 
hypoxia. For recurrent moderate (Grade 2) ILD/pneumonitis, permanently discontinue COSELA. For severe 
(Grade 3) or life-threatening (Grade 4) ILD/pneumonitis, permanently discontinue COSELA [see Dosage 
and Administration (2.2)].
Embryo-Fetal Toxicity
Based on its mechanism of action, COSELA can cause fetal harm when administered to a pregnant 
woman. Females of reproductive potential should use an effective method of contraception during 
treatment with COSELA and for at least 3 weeks after the final dose [see Use in Specific Populations  
(8.1, 8.3)].

ADVERSE REACTIONS
The following clinically significant adverse reactions are described elsewhere in the label:
• Injection-Site Reactions, including phlebitis and thrombophlebitis [see Warnings and Precautions (5.1)]
• Acute Drug Hypersensitivity Reactions [see Warnings and Precautions (5.2)]
• ILD/Pneumonitis [see Warnings and Precautions (5.3)]
Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed in 
the clinical trials of a drug cannot be directly compared with rates in the clinical trials of another drug and 
may not reflect the rates observed in clinical practice.
The safety of COSELA was evaluated in Studies 1, 2, and 3 [see Clinical Studies (14)]. Patients received 
COSELA 240 mg/m2 by 30-minute intravenous infusion prior to chemotherapy on each chemotherapy 
day. The data described in this section reflect exposure to COSELA among 240 patients (122 patients in 
the trilaciclib group and 118 patients in the placebo group) being treated for extensive stage-small cell 
lung cancer (ES-SCLC) in 3 randomized, double-blind, placebo-controlled trials: 32 patients with 
treatment naïve ES-SCLC received carboplatin (AUC 5 Day 1) + etoposide (100 mg/m2 Days 1-3) every 
21 days; 58 received carboplatin (AUC 5 Day 1) + etoposide (100 mg/m2 Days 1-3) every 21 days + 
atezolizumab (1200 mg on Day 1) every 21 days; 32 patients with previously treated ES-SCLC received 
topotecan (1.5 mg/m2 Days 1-5) every 21 days.
Study 1: COSELA Prior to Etoposide, Carboplatin, and Atezolizumab (E/P/A)
Patients with newly diagnosed ES-SCLC not previously treated with chemotherapy
Study 1 (G1T28-05; NCT03041311) was an international, randomized (1:1), double-blind, placebo-
controlled study of COSELA or placebo administered prior to treatment with etoposide, carboplatin, and 
atezolizumab (E/P/A) for patients with newly diagnosed ES-SCLC not previously treated with 
chemotherapy. The data presented below are for the 105 patients who received study treatment.
Eighty-five percent of patients receiving COSELA and 91% receiving placebo completed 4 cycles  
of induction therapy.
Study 2: COSELA Prior to Etoposide and Carboplatin (E/P)
Patients with newly diagnosed ES-SCLC not previously treated with chemotherapy
Study 2 (G1T28-02; NCT02499770) was an international, randomized (1:1), double-blind, placebo-
controlled study of COSELA or placebo administered prior to treatment with etoposide and carboplatin 
(E/P) for patients with newly diagnosed ES-SCLC not previously treated with chemotherapy. The data 
presented below are for the 75 patients who received study treatment.
Seventy-six percent of patients in the COSELA group and 87% of patients in the placebo group completed 
at least 4 cycles of therapy. The median duration of treatment was 6 cycles in each treatment group.
Study 3: COSELA Prior to Topotecan
Patients with ES-SCLC previously treated with chemotherapy
Study 3 (G1T28-03; NCT02514447) was an international, randomized (2:1), double-blind, placebo-
controlled study of COSELA or placebo administered prior to treatment with topotecan for patients with 
ES-SCLC previously treated with chemotherapy. The data presented below are for the 60 patients who 
received study treatment with the 1.5 mg/m2 dose of topotecan.
Thirty-eight percent of patients receiving COSELA and 29% of patients receiving placebo completed 5 or 
more cycles of therapy. The median duration of treatment was 3 cycles in each treatment group.
Integrated Safety Analysis
The adverse reaction summary presented in Table 3 are pooled safety results from Studies 1, 2, and 3. 
The patients included in the pooling are those randomized patients that received at least 1 dose of 
COSELA (122 patients) or placebo (118 patients).
Seventy-one percent of patients receiving COSELA and 78% of patients receiving placebo completed at 
least 4 cycles of therapy. The median duration of treatment was the same (4 cycles) for patients receiving 
COSELA and placebo.
Serious adverse reactions occurred in 30% of patients receiving COSELA. Serious adverse reactions 
reported in >3% of patients who received COSELA included respiratory failure, hemorrhage,   
and thrombosis.
Permanent discontinuation due to an adverse reaction occurred in 9% of patients who received COSELA. 
Adverse reactions leading to permanent discontinuation of any study treatment for patients receiving 
COSELA included pneumonia (2%), asthenia (2%), injection-site reaction, thrombocytopenia, 
cerebrovascular accident, ischemic stroke, infusion-related reaction, respiratory failure, and myositis 
(<1% each).
Fatal adverse reactions were observed in 5% of patients receiving COSELA. Fatal adverse reactions for 
patients receiving COSELA included pneumonia (2%), respiratory failure (2%), acute respiratory failure 
(<1%), hemoptysis (<1%), and cerebrovascular accident (<1%).
Infusion interruptions due to an adverse reaction occurred in 4.1% of patients who received COSELA.
The most common adverse reactions (≥10%) were fatigue, hypocalcemia, hypokalemia, 
hypophosphatemia, aspartate aminotransferase increased, headache, and pneumonia. The most 
frequently reported Grade ≥3 adverse reaction (≥5%) in patients receiving COSELA occurring at the same 
or higher incidence than in patients receiving placebo was hypophosphatemia.
The most common adverse reactions reported in at least 5% of patients receiving COSELA with a ≥2% 
higher incidence compared to patients receiving placebo are shown in Table 3.
Table 3: Adverse Reactions in ≥5% Patients with SCLC Receiving COSELA (with ≥2% Higher 
Incidence in COSELA Compared to Placebo)

Adverse Reaction COSELA (N=122) Placebo (N=118)

All Gradesa (%) Grade ≥3 (%) All Gradesa (%) Grade ≥3 (%)

Fatigue 34 3 27 2

Hypocalcemiab 24 <1 21 <1

Hypokalemiac 22 6 18 3

Hypophosphatemiad 21 7 16 2

Aspartate aminotransferase 
increasede

17 <1 14 <1

Headache 13 0 9 0

Pneumonia 10 7 8 7

Rash 9 <1 6 0

Infusion-related reaction 8 0 2 0

Edema peripheral 7 0 4 <1

Abdominal pain upper 7 0 3 0

Thrombosis 7 3 2 2

Hyperglycemia 6 2 3 0

aGraded per NCI CTCAE v4.03x
b Hypocalcemia=calcium decreased (lab) or treatment-emergent adverse event (TEAE) preferred  
term ‘Hypocalcemia’

c Hypokalemia=potassium decreased (lab) or TEAE preferred terms ‘Hypokalemia,’ ‘Blood  
potassium decreased’

d Hypophosphatemia=phosphate decreased (lab) or TEAE preferred terms ‘Hypophosphatemia,’ ‘Blood 
phosphorus decreased’

e Aspartate aminotransferase increased=aspartate aminotransferase increased (lab) or TEAE preferred 
term ‘Blood aspartate aminotransferase increased’
Grade 3/4 hematological adverse reactions occurring in patients treated with COSELA and placebo 
included neutropenia (32% and 69%), febrile neutropenia (3% and 9%), anemia (16% and 34%), 
thrombocytopenia (18% and 33%), leukopenia (4% and 17%), and lymphopenia (<1% and <1%), 
respectively.

DRUG INTERACTIONS
Effect of COSELA on Other Drugs, Certain OCT2, MATE1, and MATE 2K Substrates
COSELA is an inhibitor of OCT2, MATE1, and MATE-2K. Co-administration of COSELA may increase the 
concentration or net accumulation of OCT2, MATE1, and MATE-2K substrates in the kidney (e.g., 
dofetilide, dalfampridine, and cisplatin) [see Clinical Pharmacology (12.3)].
Refer to the prescribing information for these concomitant medications for assessing the benefit and risk  
of concomitant use of COSELA.
Table 4: Potentially Significant Drug Interactions with COSELA

Drugs Recommendations Comments
Dofetilide The potential benefits of taking 

COSELA concurrently with 
dofetilide should be considered 
against the risk of QT interval 
prolongation.

Increased dofetilide blood levels may occur in 
patients who are also receiving COSELA. Increased 
plasma concentrations of dofetilide may cause 
serious ventricular arrhythmias associated with QT 
interval prolongation, including torsade de pointes.

Dalfampridine The potential benefits of taking 
COSELA concurrently with 
dalfampridine should be 
considered against the risk  
of seizures in these patients.

Increased dalfampridine blood levels may occur in 
patients who are also receiving COSELA. Elevated 
levels of dalfampridine increase the risk of seizure. 

Cisplatin Closely monitor for 
nephrotoxicity. 

Concurrent treatment with COSELA may increase 
the exposure and alter the net accumulation of 
cisplatin in the kidney, which may associate with 
dose-related nephrotoxicity. 

USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on the mechanism of action, COSELA can cause fetal harm when administered to a pregnant 
woman [see Clinical Pharmacology (12)]. There are no available human or animal data on COSELA use to 
evaluate for a drug-associated risk of major birth defects, miscarriage or adverse maternal or fetal 
outcomes. Advise pregnant women of the potential risk to a fetus.
The background risk of major birth defects and miscarriage for the indicated population is unknown. All 
pregnancies have a background risk of birth defect, loss, or other adverse outcomes. However, the 
background risk of major birth defects is 2% to 4% and of miscarriage is 15% to 20% of clinically 
recognized pregnancies in the United States general population.
Lactation
Risk Summary
There are no data on the presence of trilaciclib in either human or animal milk, the effects on the 
breastfed child or the effects on milk production. Because of the potential for serious adverse reactions 
in breastfed children, advise lactating women to not breastfeed while taking COSELA and for at least 
3 weeks after the last dose.
Females and Males of Reproductive Potential
Pregnancy Testing
Based on its mechanism of action, COSELA can cause fetal harm if administered to a pregnant woman 
[see Use in Specific Populations (8.1)]. Pregnancy testing is recommended for females of reproductive 
potential prior to initiating COSELA.
Contraception
COSELA can cause fetal harm when administered to pregnant women [see Use in Specific Populations 
(8.1)]. Advise female patients of reproductive potential to use effective contraception during treatment 
with COSELA and for at least 3 weeks after the final dose.
Infertility
No studies have been performed in humans to evaluate the effects of COSELA on fertility in either sex.
Based on animal toxicology studies, COSELA may impair fertility in females of reproductive potential [see 
Nonclinical Toxicology (13.1)].
Pediatric Use
Safety and effectiveness in pediatric patients have not been established.
Geriatric Use
In the pooled efficacy dataset from Studies 1, 2 and 3, 46% of 123 patients randomized to COSELA  
were ≥65 years of age, and 49% of 119 patients randomized to placebo were ≥65 years of age. No  
overall differences in safety or effectiveness of COSELA were observed between these patients and 
younger patients.
Hepatic Impairment
Use of COSELA is not recommended in patients with moderate or severe hepatic impairment. No dosage 
adjustment is recommended for patients with mild hepatic impairment (total bilirubin ≤ upper limit of 
normal [ULN] and aspartate aminotransferase [AST] > ULN, or total bilirubin >1.0 to 1.5 × ULN, irrespective 
of AST). The pharmacokinetics of COSELA have not been studied in patients with moderate or severe 
hepatic impairment (total bilirubin >1.5 × ULN, irrespective of AST) [see Clinical Pharmacology (12.3)]. 

PATIENT COUNSELING INFORMATION
Injection Site Reactions, Including Phlebitis and Thrombophlebitis
Inform patients of the signs and symptoms of injection-site reactions, including phlebitis and 
thrombophlebitis. Advise patients to contact their healthcare provider immediately for signs and 
symptoms of injection-site reactions, including phlebitis and thrombophlebitis [see Warnings and 
Precautions (5.1)].
Acute Drug Hypersensitivity Reactions
Advise patients to contact their healthcare provider immediately for signs and symptoms of acute drug 
hypersensitivity reactions, including facial, eye, and tongue edema, urticaria, pruritis, and anaphylactic 
reactions [see Warnings and Precautions (5.2)].
Interstitial Lung Disease/Pneumonitis
Advise patients to immediately report new or worsening respiratory symptoms [see Warnings and 
Precautions (5.3) and Dosage and Administration (2.2)].
Embryo-Fetal Toxicity
Advise females of reproductive potential of the potential risk to a fetus and to inform their healthcare 
provider of a known or suspected pregnancy [see Use in Specific Populations (8.1)].
Advise females of reproductive potential to use effective contraception during treatment with COSELA 
and for at least 3 weeks after the final dose [see Use in Specific Populations (8.1, 8.3)].
Lactation
Advise women not to breastfeed during treatment with COSELA and for at least 3 weeks after the final 
dose of COSELA [see Use in Specific Populations (8.2)].
Drug Interactions
Advise patients to inform their health care providers of all concomitant medications, including prescription 
medicines, over-the-counter drugs, vitamins, and herbal products [see Drug Interactions (7)].
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Metastatic Prostate Cancer Rises  
Amid Decline in Screenings

by COURTNEY MARABELLA

REDUCTIONS IN PROSTATE-SPECIFIC 
antigen (PSA) screening are likely respon-
sible for the recent increase in metastatic 
prostate cancer cases in the United States, 
according to epidemiologic data from a study 
presented during the 2021 Genitourinary 
Cancers Symposium.1

“To reduce the incidence of metastatic pros-
tate cancer in the United States, we support 
policies that promote shared decision-making 
to optimize PSA screening, such as the 
updated United States Preventive Services 
Task Force (USPSTF) guidelines,” said Vidit 
Sharma, MD, a health services research 
fellow in urologic oncology at UCLA Health 
and the UCLA Jonsson Comprehensive Cancer 
Center in Los Angeles, California, during a 
poster presentation of the data.

PSA screening was found to reduce inci-
dence of metastases and mortality in patients 
with prostate cancer, according to results 
from the European Randomized Study of 
Screening for Prostate Cancer. However, 
screening has also been known to result in 
significant harm from overdiagnosis and 
overtreatment of low-risk prostate cancer, 
Sharma noted. As a result, the 
USPSTF found insufficient evidence 
to recommend routine PSA screen-
ing in 2008 and recommended 
against it in 2012.2 

“Several subsequent studies have 
found that there has been a rise in 
prostate cancer diagnosis since that 
change,” Sharma said. “Although the 
implication of these studies is that decreases 
in PSA screening were responsible for the 
rise in metastases, this has not been directly 
demonstrated.” In 2018, the USPSTF revised 
its recommendations to state that the decision 
to undergo periodic PSA-based screening for 
prostate cancer should be an individual one 
for men aged 55 to 69 years3 (TABLE2,3).

The objective of this study was to test the 
hypothesis that reductions in PSA screening 
were responsible for increased incidence of 
metastatic prostate cancer at diagnosis. To do 

this, investigators examined variation among 
states in PSA screening, as well as variation 
among states in the incidence of metastatic 
disease at diagnosis from 2002 to 2016.1

Investigators extracted age-adjusted inci-
dence of metastatic prostate cancer diagnosis 
per 100,000 men from the North American 
Association of Central Cancer Registries for 
each state. Additionally, survey-weighted 
PSA screening estimates for men aged 

40 years or older were extracted 
from the Behavioral Risk Factor 
Surveillance System, which collected 
data on PSA screening every 2 years 
from 2002 onward.

These data were analyzed in a 
multipanel time series by state, 
using a random effects linear 
regression model, which looked at 

random effects at the state level, as well as 
related changes in PSA screening to inci-
dence of prostate cancer metastases within 
and among states.

Results showed a significant variation 
in the incidence of PSA screening among 
states (range, 40.1%-70.3%) in men aged 40 
years or older. However, after 2010, a signif-
icant decrease in the median percentage 
of PSA screening across all states (range, 
61.8%-50.5%) was observed. Additionally, 
investigators also noted a significant 

variation in the incidence of age-adjusted 
metastatic prostate cancer at diagnosis by 
state (range, 3.3 to 14.3 per 100,000 men) 
until 2010, when median incidence increased 
across all states.

Investigators found that in states with 
larger decreases in PSA screening, there was 
a larger increase in the incidence of meta-
static prostate cancer at diagnosis. Data from 
the random effects linear regression model 
confirmed that reductions in PSA screening 
were related to rises in metastatic disease 
at diagnosis (-14.9; 95% CI, 12.3-17.5 per 
100,000; P < .01).

“Overall, variation in PSA screening 
explained 27% of variation in metastatic 
disease at diagnosis,” Sharma concluded. ■
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Vidit Sharma, MD

TABLE.  USPSTF PSA Screening Recommendations:  2012 Vs 2018 2,3

Year Population Recommendation Grade

2012 Adult men USPSTF recommends against PSA-based  
screening for prostate cancer for general population.

Da

2018 Men aged 55-69 years The decision to undergo PSA-based screening  
for prostate cancer should be an individual one.  
Clinicians should not screen men who do not  
express a preference for screening.

Cb

Men 70 years and older The USPSTF recommends against PSA-based  
screening for prostate cancer.

Da

PSA, prostate-specific antigen; USPSTF, US Preventive Services Task Force.

aThe USPSTF recommends against the service. There is moderate or high certainty that the service has no net benefit or that the harms outweigh 
the benefits.

bThe USPSTF recommends selectively offering or providing this service to individual patients based on professional judgment and patient prefer-
ences. There is at least moderate certainty that the net benefit is small.
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Quality-of-Life Data Support Osimertinib  
in Adjuvant NSCLC Setting

by HAYLEY VIRGIL

PATIENTS WITH EGFR-MUTANT 
non–small cell lung cancer (NSCLC) who 
received treatment with adjuvant osimerti-
nib (Tagrisso) during the pivotal ADAURA 
trial maintained health-related quality of 
life (HRQOL) compared with those in the 
placebo arm, according to study results 
presented by Margarita Majem 
Tarruella, MD, PhD.1

The finding is an important bench-
mark in a clinical setting where 
patients have received surgery with 
curative intent, are disease free, and 
are taking osimertinib to reduce their 
risk of recurrence, Majem said during 
a presentation at the International 
Association for the Study of Lung 
Cancer 2020 World Conference on Lung 
Cancer held virtually in January 2021.1

An analysis of patient-reported 
outcomes from the phase 3 ADAURA trial 
(NCT02511106) showed there were no clini-
cally meaningful differences between study 
arms, according to Majem, a medical oncol-
ogist at the Hospital de la Santa Creu i Sant 
Pau in Barcelona, Spain.1,2

Participants completed the Short Form-36 
(SF-36), a generic health survey comprised 
of 8 domains and 2 aggregated summary 
scores—the physical component summary 
(PCS) and the mental component summary 
(MCS)—at baseline, 12, and 24 weeks, then 
every 24 weeks until treatment completion 
or discontinuation. Answers were assessed 
using norm-based scoring relative to the 
2009 US general population, with values 
ranging from 0 to 100. These scores were 
translated into T-scores with a mean of 50 
and standard deviation (SD) of 10 or higher. 
Higher T-scores indicated better health.

Overall, PCS and MCS T-scores were 
comparable between patients in the osim-
ertinib and placebo arms (range, 46-47). 
They were only slightly below the mean 
values observed in the general popula-
tion (0.3-0.4 SD below the normative mean). 
Health domain T-scores were comparable 

between the 2 arms; the majority also 
were comparable with the general popu-
lation (within ±0.3 SD of the normative 
mean). Lower T-scores (0.4-0.9 SD below the 
normative mean) were observed only in the 
domains measuring physical role, social func-
tioning, and emotional role.

Patients in both the osimertinib 
arm and the placebo arm expe-
rienced a slight increase from 
baseline to week 96 in PCS at 1.13 
(95% CI, 0.54-1.72) and 2.31 (95% CI, 
1.70-2.91), respectively; this was 
also true with regard to MCS at 1.34 
(95% CI, 0.60-2.08) and 2.68 (95% CI, 
1.92-3.44), respectively. No clinically 
meaningful differences were noted 

between the investigative and control arms of 
the study for PCS (-1.18; 95% CI, -2.02 to -0.34) 
or MCS (-1.34; 95% CI, 2.40 to 0.28).

During the disease-free period, more than 
80% of patients did not experience a clinically 
meaningful deterioration in PCS or MCS. For 
patients who did experience deterioration, no 
notable differences in time to deterioration 
of PCS (HR, 1.17; 95% CI, 0.82-1.67) or MCS 
(HR, 0.98; 95% CI, 0.70-1.39) were observed in 
either arm of the study.

“At baseline, we saw that patients had 
almost the same mean value QOL as the 
normal population,” Majem said in an inter-
view with OncologyLive®. “It means that 
those patients who were going to start osim-
ertinib had the same QOL as the general 
population. During treatment, what we saw 
was that this QOL was practically main-
tained in all of the domains [analyzed]. This 
treatment, compared with placebo, did not 
[affect] patient QOL.”

In December 2020, osimertinib was 
approved for the adjuvant treatment 
of patients with NSCLC whose tumors 
harbor EGFR exon 19 deletions or exon 21 
L858R mutations following surgical resec-
tion. The approval was based on results 
from ADAURA, in which osimertinib 
demonstrated a clinically meaningful and 

statistically significant disease-free survival 
(DFS) benefit compared with placebo in the 
overall population (HR, 0.20; 99.12% CI, 
0.14-0.30; P < .0001).3

The study enrolled 682 adult patients who 
had undergone complete surgical resection 
for stage IB, II, or IIIA EGFR-mutant primary 
nonsquamous NSCLC with or without prior 
adjuvant chemotherapy. Surgical resection 
had to be completed with negative margins.

Patients were randomized 1:1 to receive 
either 80 mg of osimertinib once daily or 
placebo once daily for 3 years or until recur-
rence or discontinuation. The primary end 
point of the study was DFS in those with 
stage II and IIIA disease, with key secondary 
end points including DFS in the overall popu-
lation and HRQOL.

Among patients with stage II and IIIA 
disease, the median DFS was not reached (95% 
CI, 38.8 months-not estimable [NE]) in patients 
on the osimertinib arm compared with 19.6 
months (95% CI,16.6-24.5) on the placebo arm 
(HR, 0.17; 95% CI, 0.12-0.23; P < .0001). In the 
overall study population, the median DFS was 
not reached (95% CI, NE-NE) in patients on the 
osimertinib arm compared with 27.5 months 
(95% CI, 22.0-35.0) on the placebo arm.

The HRQOL analysis comprised 8 domains: 
physical functioning, physical role, bodily 
pain, general health, vitality, social func-
tioning, emotional role, and mental health. 
Although the questionnaires were not 
specific to patients with cancer, SF-36 has 
been used to assess HRQOL over a period 
of 4 weeks in patients who are cancer free 
following surgery.

Data from the analysis further support 
adjuvant osimertinib as a novel treatment 
strategy in patients with EGFR-mutant 
disease, Majem concluded. ■

For a full list of references,  
see the article at https://bit.ly/39cO7RW. 

Margarita Majem 
Tarruella, MD, PhD
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Clinical Benefit of Ripretinib Expands as Investigators 
Consider Future Directions

by JASON HARRIS

ENCOURAGING EFFICACY DATA FOR 
ripretinib (Qinlock) as a later-line therapy for 
patients with advanced gastrointestinal stromal 
tumor (GIST) have investigators hypothesizing 
new approaches to derive even greater benefit 
with the agent. Some approaches include 
moving the therapy forward in the treatment 
landscape and administering at a higher dose 
for patients who progress on treatment, accord-
ing to Gina Z. D’Amato, MD.

Ripretinib is a tyrosine kinase inhibitor 
(TKI) that broadly hinders KIT- and PDGFRA-
mutated kinases through a dual mechanism 
of action that controls the kinase switch 
pocket and activation loop. Specifically, the 
agent inhibits both primary and secondary 
KIT mutations in exons 9, 11, 13, 14, 17, and 
18 that are involved in GIST. The switch- 
control TKI also impedes primary PDGFRA 
mutations in exons 12, 14, and 18.1,2

The FDA approved ripretinib in May 2020 
as the first therapy specifically approved 
for the fourth-line treatment of patietns 
with GIST. Data from the phase 3 
INVICTUS trial (NCT03353753) 
showed that the agent demonstrated 
a statistically significant improve-
ment in progression-free survival 
(PFS) compared with placebo (HR, 
0.15; 95% CI, 0.09-0.25; P < .0001).1

The study enrolled 129 patients 
previously treated with 3 or more 
prior TKIs, including imatinib 
(Gleevec). In an updated analysis 
of the trial presented at the Connective 
Tissue Oncology Society (CTOS) 2020 
virtual meeting in November, investiga-
tors noted that ripretinib continued to 
demonstrated a clinically meaningful 
benefit as well as a tolerable safety profile 
(TABLE).3 Specifically, patients random-
ized to ripretinib (n = 85) had a median PFS 
of 6.3 months (95% CI, 4.6-8.1) vs 1.0 month 
(95% CI, 0.9-1.7) for patients who received 
placebo (n = 44), with an HR of 0.16 (95% CI, 
0.1-0.27). The objective response rate was 
11.8% compared with 0%, respectively.

With an additional 9 months follow-up 
from the primary analysis, investigators 
reported the median for overall survival 
(OS) for patients randomized to ripretinib 
extended from 15.1 months to not reached 
(95% CI, 13.1-not evaluable). The median OS 

in the placebo group was 6.3 months 
(95% CI, 4.1-10.0); the HR was 0.42 
(95% CI, 0.26-0.67).3

In October, the National 
Comprehensive Cancer Network 
expert panel added ripretinib to 
the treatment guidelines for GIST 
as the preferred selection in fourth 
line (FIGURE).4 The guidelines also 
recommend switching to ripretinib 

in fifth line for patients with a perfor-
mance score of 0 to 2 following widespread, 
systemic progression following rego-
rafenib (Stivarga).4 

EXPANDING THE SCOPE  
OF RIPRETINIB
The current recommended dose of ripretinib 
is 150 mg orally once daily, but there is clin-
ical evidence that patients could benefit 
from increasing to 300 mg per day following 
progression, explained D’Amato, an associate 
professor and assistant director of clinical 
research with the University of Miami 

Sylvester Comprehensive Cancer Center in 
Florida, in an interview with OncologyLive®.

“I am recommending that if patients 
progressed on ripretinib that they go up 
to twice-a-day dosing with the hope that 
they could still get some sort of response or 
disease control before switching to a differ-
ent TKI,” she said. 

Data presented at CTOS 2020 showed 
that patients derived a PFS benefit in the 
second-, third- and fourth-line settings 
when the higher dose was administered 
using the intrapatient dose escalation (IPDE) 
method.5 Investigators defined PFS1 as PFS 
on ripretinib at 150 mg daily from day 1 
of cycle 1 until disease progression. PFS2 
was defined as PFS on ripretinib at 150 mg 
twice daily from the date of IPDE to disease 
progression or death. 

Results showed that the median PFS1 was 
11.0 months (95% CI, 3.5-22.1) when adminis-
tered in the second line (n = 10), 8.3 months 
(95% CI, 1.8-11.1) in the third line (n = 17), 
and 5.5 months (95% CI, 2.1-8.1) in the fourth 
line or later (n = 40). The median PFS2 was 
5.6 months (95% CI, 1.4-12.9), 3.3 months 
(95% CI, 2.3-7.4), and 4.6 months (95% CI, 
2.8-5.6), respectively.5

D’Amato recommended the twice-daily 
dosing to patients who progressed on 

TABLE. Updated Efficacy Data for Ripretinib vs Placebo in Heavily Pretreated Patients With GIST3 

Outcome Ripretinib (n = 85) Placebo (n = 44)

Median PFS, months (95% CI) 6.3 (4.6-8.1) 
HR, 0.16; 95% CI, 0.10-0.27

1.0 (0.9-1.7)

Median OS, months (95% CI) NR (13.1-NE) 
HR, 0.42; 95% CI, 0.26-0.67

6.3 (4.1-10.0)

Estimated OS rates (95% CI)

6 months 84.3% (74.5%-90.6%) 55.9% (39.9%-69.2%)

12 months 65.1% (53.6%-74.5%) 29.7% (16.8%-43.7%)

18 months 53.0% (41.3%-63.3%) 29.7% (16.8%-43.7%)

24 months 50.6% (38.5%-61.4%) NE (NE-NE)

ORR (95% CI) 11.8% (5.8%-20.6%) 0% (0.0%-8.0%)

GIST, gastrointestinal stromal tumor; NE, not estimable; NR, not reached; ORR, objective response rate; OS, overall survival;  
PFS, progression-free survival. 

Gina Z.  
D’Amato, MD
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standard dosing in her practice and, anec-
dotally, has noticed an improvement.  
“I have some patients with some response 
for a few months. Some [responses] are 
longer and some [patients] don’t respond, 
but with others, you can get several more 
months out of it. It’s worth it to try, espe-
cially while you’re trying to figure out the 
next treatment.”

By the time patients get to ripretinib, they 
have already had several rounds of ther-
apy with imatinib, sunitinib (Sutent), and/
or regorafenib, D’Amato explained. Despite 
this, she added that those patients can still 
respond to other TKIs. “The fourth-line 
data were very compelling, and the toxicity 
profile is very compelling, as is the muta-
tion resistance profile and the fact that it 
can be effective across multiple mutations,” 
D’Amato said. “I think that’s what drove 
them to say, ‘Look, I think this could be good 
for a second line.’ I think we’re going to be 
hard pressed to come up with a drug that’s 
as good as imatinib.”

Ripretinib is under investigation as a 
second-line therapy vs sunitinib in the 
phase 3 INTRIGUE trial (NCT03673501). 
Investigators are comparing the regimens  
in patients who had disease progression 
or were intolerant to first-line treatment 
with imatinib. The trial reached its target 
enrollment of approximately 426 patients in 
November 2020.2 

The primary end point is median PFS per 
independent radiologic review in accordance 
with modified RECIST criteria. Top-line 
results are scheduled for release in the 
second half of this year.2

Ripretinib may provide an advantage over 
other kinase inhibitors because patients 
being treated with such agents tend to 
develop secondary mutations, 
according to Margaret von Mehren, 
MD. In an interview, she explained 
that certain mutations prevent the 
kinase inhibitors from binding the 
molecule or stopping inhibition. von 
Mehren is chief of the Division of 
Sarcoma Medical Oncology, physi-
cian director of the Clinical Trials 
Office, associate director of clinical 
research, and professor in the Department of 
Hematology/Oncology at Fox Chase Cancer 
Center in Philadelphia, Pennsylvania. 

“Simplistically, in GIST, these kinases or 
proteins that are present are mutated and 
altered in driving the growth of the tumor. 
I like to think of them as light switches—
they’re always turned on and telling the 
cell to grow and divide,” she said. “And 
when a drug like imatinib is effective, it’s 
able to turn off the light switch and stop the 
cell from growing and dividing. But with 
these secondary mutations, the drugs are 
no longer able to turn off the light switch. 
Ripretinib is one of the ways we can do that.”

In additional findings presented at CTOS 
2020, ripretinib demonstrated clinically 
meaningful activity in patients with several 
heterogeneous genetic subsets of KIT/
PDGFRA mutations treated in the fourth 
line or later.6 Approximately 80% of patients 
with GIST have KIT mutations and 10% 
to 15% emerge in PDGFRA, with the most 
common alterations occurring in KIT exon 
11 (approximately 67%).7 

Findings from an exploratory analysis of 
INVICTUS showed that ripretinib improved 
PFS across 4 primary mutation subgroups 

analyzed vs placebo, as well as in 
all secondary mutation subgroups. 
In patients whose tumors harbored 
KIT exon 11 mutations, the HR was 
0.15 (95% CI, 0.08-0.29). In those 
with KIT exon 9 mutations the HR 
was 0.22 (95% CI, 0.07-0.69). In 
patients who did not have speci-
men sequencing, the HR was 0.13 
(95% CI, 0.02-0.66). And the HR 

for patients with other mutations includ-
ing those who were KIT/PDGFRA wild type 
was 0.38 (95% CI, 0.11-1.37).6 Investigators of 
the analysis also combined liquid and tumor 
biopsy to detect secondary mutations and 
ripretinib demonstrated a clinical benefit in 
all subgroups. ■
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17, 2021. doi:10.1177/1758835920986498

GIST, gastrointestinal stromal tumor; NCCN, National Comprehensive Cancer Network.

aCategory 1 evidence.
bFor patients with PDGFRA exon 18 mutations.

FIGURE. NCCN Preferred Systemic Agents for Unresectable GIST With Significant Morbidity4 
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*FLT3 mutation status: FLT3-ITD, FLT3-TKD, and FLT3-ITD-TKD.1

†The OS endpoint was measured from the date of randomization until death by any cause in the fi nal analysis, which included 371 patients randomized 2:1 to receive XOSPATA or a 
prespecifi ed salvage chemotherapy regimen.1

 ‡MEC: mitoxantrone 8 mg/m2, etoposide 100 mg/m2, and cytarabine 1000 mg/m2 once daily by IV infusion Days 1 to 5.1 

 §FLAG-IDA: granulocyte colony-stimulating factor 300 mcg/m2 once daily by SC injection Days 1 to 5, fl udarabine 30 mg/m2 once daily by IV infusion Days 2 through 6, 
cytarabine 2000 mg/m2 once daily by IV infusion Days 2 through 6, idarubicin 10 mg/m2 once daily by IV infusion Days 2 through 4.1

 llLDAC: cytarabine 20 mg twice daily by SC injection or IV infusion for 10 days.1

 ¶AZA: azacitidine 75 mg/m2 once daily by SC injection or IV infusion for 7 days.1

AML=acute myeloid leukemia; CI=confi dence interval; FDA=Food and Drug Administration; FLT3=FMS-like tyrosine kinase 3; HR=hazard ratio; ITD=internal tandem duplication; 
IV=intravenous; LDAC=low-dose cytarabine; m+=mutation-positive; NCCN=National Comprehensive Cancer Network; OS=overall survival; SC=subcutaneous; TKD=tyrosine 
kinase domain.

References: 1. XOSPATA [package insert]. Northbrook, IL: Astellas Pharma US, Inc. 2. Ballesta-López O, Solana-Altabella A, Megías-Vericat JE, Martínez-Cuadrón D, Montesinos P. 
Gilteritinib use in the treatment of relapsed or refractory acute myeloid leukemia with a FLT3 mutation. Future Oncol (Epub) 09-25-2020. 3. Referenced with permission from the NCCN 
Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Acute Myeloid Leukemia V.2.2021. © National Comprehensive Cancer Network, Inc. 2020. All rights reserved. Accessed 
11-18-2020. To view the most recent and complete version of the guideline, go online to NCCN.org. NCCN makes no warranties of any kind whatsoever regarding their content, use or 
application and disclaims any responsibility for their application or use in any way. 4. Astellas. XOSPATA. Data on File.

XOSPATA was evaluated in a Phase 3, open-label, multicenter, randomized clinical trial compared with a prespecifi ed salvage chemotherapy in 
adult patients with relapsed or refractory FLT3m+ AML.1,4 Prespecifi ed salvage chemotherapy regimens included high-intensity combinations MEC‡

and FLAG-IDA§ and low-intensity regimens LDACll and AZA.1¶

Gilteritinib (XOSPATA) sets a standard in relapsed or refractory FLT3m+ AML1,3

Gilteritinib (XOSPATA) is the ONLY Category 1 recommendation in the NCCN Clinical Practice Guidelines 
in Oncology (NCCN Guidelines®) for patients with relapsed or refractory FLT3m+ AML3

INDICATION
XOSPATA is indicated for the treatment of adult patients who have relapsed or 
refractory acute myeloid leukemia (AML) with a FMS-like tyrosine kinase 3 
(FLT3) mutation as detected by an FDA-approved test. 

IMPORTANT SAFETY INFORMATION
CONTRAINDICATIONS
XOSPATA is contraindicated in patients with hypersensitivity to gilteritinib 
or any of the excipients. Anaphylactic reactions have been observed in 
clinical trials.

WARNING: DIFFERENTIATION SYNDROME
Patients treated with XOSPATA have experienced symptoms of 
di� erentiation syndrome, which can be fatal or life-threatening 
if not treated. Symptoms may include fever, dyspnea, hypoxia, 
pulmonary infi ltrates, pleural or pericardial e� usions, rapid weight 
gain or peripheral edema, hypotension, or renal dysfunction. If 
di� erentiation syndrome is suspected, initiate corticosteroid 
therapy and hemodynamic monitoring until symptom resolution.

WARNINGS AND PRECAUTIONS
Di� erentiation Syndrome (See BOXED WARNING) 3% of 319 patients 
treated with XOSPATA in the clinical trials experienced di� erentiation 
syndrome. Di� erentiation syndrome is associated with rapid proliferation 
and di� erentiation of myeloid cells and may be life-threatening or fatal if not 
treated. Symptoms of di� erentiation syndrome in patients treated with 
XOSPATA included fever, dyspnea, pleural e� usion, pericardial e� usion, 
pulmonary edema, hypotension, rapid weight gain, peripheral edema, rash, 
and renal dysfunction. Some cases had concomitant acute febrile 
neutrophilic dermatosis. Di� erentiation syndrome occurred as early as 2 days 
and up to 75 days after XOSPATA initiation and has been observed with or 
without concomitant leukocytosis. If di� erentiation syndrome is suspected, 
initiate dexamethasone 10 mg IV every 12 hours (or an equivalent dose of an 
alternative oral or IV corticosteroid) and hemodynamic monitoring until 
improvement. Taper corticosteroids after resolution of symptoms and 
administer corticosteroids for a minimum of 3 days. Symptoms of 
di� erentiation syndrome may recur with premature discontinuation of 
corticosteroid treatment. If severe signs and/or symptoms persist for more 
than 48 hours after initiation of corticosteroids, interrupt XOSPATA until signs 
and symptoms are no longer severe.

Posterior Reversible Encephalopathy Syndrome (PRES) 1% of 319 
patients treated with XOSPATA in the clinical trials experienced posterior 
reversible encephalopathy syndrome (PRES) with symptoms including 
seizure and altered mental status. Symptoms have resolved after 
discontinuation of XOSPATA. A diagnosis of PRES requires confi rmation by 
brain imaging, preferably magnetic resonance imaging (MRI). Discontinue 
XOSPATA in patients who develop PRES.

Prolonged QT Interval XOSPATA has been associated with prolonged 
cardiac ventricular repolarization (QT interval). 1% of the 317 patients with a 
post-baseline QTc measurement on treatment with XOSPATA in the clinical 
trial were found to have a QTc interval greater than 500 msec and 7% of 
patients had an increase from baseline QTc greater than 60 msec. Perform 
electrocardiogram (ECG) prior to initiation of treatment with XOSPATA, on 
days 8 and 15 of cycle 1, and prior to the start of the next two subsequent 
cycles. Interrupt and reduce XOSPATA dosage in patients who have a QTcF 
>500 msec. Hypokalemia or hypomagnesemia may increase the QT 
prolongation risk. Correct hypokalemia or hypomagnesemia prior to and 
during XOSPATA administration.

Pancreatitis 4% of 319 patients treated with XOSPATA in the clinical trials 
experienced pancreatitis. Evaluate patients who develop signs and symptoms 
of pancreatitis. Interrupt and reduce the dose of XOSPATA in patients who 
develop pancreatitis.

Embryo-Fetal Toxicity XOSPATA can cause embryo-fetal harm when 
administered to a pregnant woman. Advise females of reproductive potential 
to use e� ective contraception during treatment with XOSPATA and for at least 
6 months after the last dose of XOSPATA. Advise males with female partners of 
reproductive potential to use e� ective contraception during treatment with 
XOSPATA and for at least 4 months after the last dose of XOSPATA. Pregnant 
women, patients becoming pregnant while receiving XOSPATA or male 
patients with pregnant female partners should be apprised of the potential 
risk to the fetus.

ADVERSE REACTIONS
Fatal adverse reactions occurred in 2% of patients receiving XOSPATA. These 
were cardiac arrest (1%) and one case each of di� erentiation syndrome and 
pancreatitis. The most frequent (≥5%) nonhematological serious adverse 
reactions reported in patients were fever (13%), dyspnea (9%), renal 
impairment (8%), transaminase increased (6%) and noninfectious 
diarrhea (5%).

7% discontinued XOSPATA treatment permanently due to an adverse 
reaction. The most common (>1%) adverse reactions leading to 
discontinuation were aspartate aminotransferase increased (2%) and alanine 
aminotransferase increased (2%).

The most frequent (≥5%) grade ≥3 nonhematological adverse reactions 
reported in patients were transaminase increased (21%), dyspnea (12%), 
hypotension (7%), mucositis (7%), myalgia/arthralgia (7%), and fatigue/
malaise (6%). 

Other clinically signifi cant adverse reactions occurring in ≤10% of patients 
included: electrocardiogram QT prolonged (9%), hypersensitivity (8%), 
pancreatitis (5%), cardiac failure (4%), pericardial e� usion (4%), acute febrile 
neutrophilic dermatosis (3%), di� erentiation syndrome (3%), pericarditis/
myocarditis (2%), large intestine perforation (1%), and posterior reversible 
encephalopathy syndrome (1%).

Lab Abnormalities Shifts to grades 3-4 nonhematologic laboratory 
abnormalities in XOSPATA treated patients included phosphate decreased 
(14%), alanine aminotransferase increased (13%), sodium decreased (12%), 
aspartate aminotransferase increased (10%), calcium decreased (6%), 
creatine kinase increased (6%), triglycerides increased (6%), creatinine 
increased (3%), and alkaline phosphatase increased (2%).

DRUG INTERACTIONS
Combined P-gp and Strong CYP3A Inducers Concomitant use of XOSPATA 
with a combined P-gp and strong CYP3A inducer decreases XOSPATA 
exposure which may decrease XOSPATA e�  cacy. Avoid concomitant use of 
XOSPATA with combined P-gp and strong CYP3A inducers.

Strong CYP3A inhibitors Concomitant use of XOSPATA with a strong CYP3A 
inhibitor increases XOSPATA exposure. Consider alternative therapies that are 
not strong CYP3A inhibitors. If the concomitant use of these inhibitors is 
considered essential for the care of the patient, monitor patient more 
frequently for XOSPATA adverse reactions. Interrupt and reduce XOSPATA 
dosage in patients with serious or life-threatening toxicity.

Drugs that Target 5HT2B Receptor or Sigma Nonspecifi c Receptor
Concomitant use of XOSPATA may reduce the e� ects of drugs that target the 
5HT2B receptor or the sigma nonspecifi c receptor (e.g., escitalopram, 
fl uoxetine, sertraline). Avoid concomitant use of these drugs with XOSPATA 
unless their use is considered essential for the care of the patient.

SPECIFIC POPULATIONS
Lactation Advise women not to breastfeed during treatment with XOSPATA 
and for 2 months after the last dose.

In Relapsed or Refractory FLT3m+ AML,* 
XOSPATA Is the Only FDA-Approved 
Targeted Monotherapy to Deliver Superior 
Overall Survival† vs Salvage Chemotherapy1,2

vs 5.6 months with salvage chemotherapy 
(95% CI: 4.7, 7.3)

vs salvage chemotherapy (n=124)
HR=0.64 (95% CI: 0.49, 0.83); P=0.0004

reduced risk of death 
with XOSPATA (n=247)136% median OS with 

XOSPATA (95% CI: 7.7, 10.7)19.3
 months

Please see adjacent pages for Brief Summary of Full 
Prescribing Information, including BOXED WARNING.
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*FLT3 mutation status: FLT3-ITD, FLT3-TKD, and FLT3-ITD-TKD.1

†The OS endpoint was measured from the date of randomization until death by any cause in the fi nal analysis, which included 371 patients randomized 2:1 to receive XOSPATA or a 
prespecifi ed salvage chemotherapy regimen.1

 ‡MEC: mitoxantrone 8 mg/m2, etoposide 100 mg/m2, and cytarabine 1000 mg/m2 once daily by IV infusion Days 1 to 5.1 

 §FLAG-IDA: granulocyte colony-stimulating factor 300 mcg/m2 once daily by SC injection Days 1 to 5, fl udarabine 30 mg/m2 once daily by IV infusion Days 2 through 6, 
cytarabine 2000 mg/m2 once daily by IV infusion Days 2 through 6, idarubicin 10 mg/m2 once daily by IV infusion Days 2 through 4.1

 llLDAC: cytarabine 20 mg twice daily by SC injection or IV infusion for 10 days.1

 ¶AZA: azacitidine 75 mg/m2 once daily by SC injection or IV infusion for 7 days.1

AML=acute myeloid leukemia; CI=confi dence interval; FDA=Food and Drug Administration; FLT3=FMS-like tyrosine kinase 3; HR=hazard ratio; ITD=internal tandem duplication; 
IV=intravenous; LDAC=low-dose cytarabine; m+=mutation-positive; NCCN=National Comprehensive Cancer Network; OS=overall survival; SC=subcutaneous; TKD=tyrosine 
kinase domain.

References: 1. XOSPATA [package insert]. Northbrook, IL: Astellas Pharma US, Inc. 2. Ballesta-López O, Solana-Altabella A, Megías-Vericat JE, Martínez-Cuadrón D, Montesinos P. 
Gilteritinib use in the treatment of relapsed or refractory acute myeloid leukemia with a FLT3 mutation. Future Oncol (Epub) 09-25-2020. 3. Referenced with permission from the NCCN 
Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Acute Myeloid Leukemia V.2.2021. © National Comprehensive Cancer Network, Inc. 2020. All rights reserved. Accessed 
11-18-2020. To view the most recent and complete version of the guideline, go online to NCCN.org. NCCN makes no warranties of any kind whatsoever regarding their content, use or 
application and disclaims any responsibility for their application or use in any way. 4. Astellas. XOSPATA. Data on File.

XOSPATA was evaluated in a Phase 3, open-label, multicenter, randomized clinical trial compared with a prespecifi ed salvage chemotherapy in 
adult patients with relapsed or refractory FLT3m+ AML.1,4 Prespecifi ed salvage chemotherapy regimens included high-intensity combinations MEC‡

and FLAG-IDA§ and low-intensity regimens LDACll and AZA.1¶

Gilteritinib (XOSPATA) sets a standard in relapsed or refractory FLT3m+ AML1,3

Gilteritinib (XOSPATA) is the ONLY Category 1 recommendation in the NCCN Clinical Practice Guidelines 
in Oncology (NCCN Guidelines®) for patients with relapsed or refractory FLT3m+ AML3

INDICATION
XOSPATA is indicated for the treatment of adult patients who have relapsed or 
refractory acute myeloid leukemia (AML) with a FMS-like tyrosine kinase 3 
(FLT3) mutation as detected by an FDA-approved test. 

IMPORTANT SAFETY INFORMATION
CONTRAINDICATIONS
XOSPATA is contraindicated in patients with hypersensitivity to gilteritinib 
or any of the excipients. Anaphylactic reactions have been observed in 
clinical trials.

WARNING: DIFFERENTIATION SYNDROME
Patients treated with XOSPATA have experienced symptoms of 
di� erentiation syndrome, which can be fatal or life-threatening 
if not treated. Symptoms may include fever, dyspnea, hypoxia, 
pulmonary infi ltrates, pleural or pericardial e� usions, rapid weight 
gain or peripheral edema, hypotension, or renal dysfunction. If 
di� erentiation syndrome is suspected, initiate corticosteroid 
therapy and hemodynamic monitoring until symptom resolution.

WARNINGS AND PRECAUTIONS
Di� erentiation Syndrome (See BOXED WARNING) 3% of 319 patients 
treated with XOSPATA in the clinical trials experienced di� erentiation 
syndrome. Di� erentiation syndrome is associated with rapid proliferation 
and di� erentiation of myeloid cells and may be life-threatening or fatal if not 
treated. Symptoms of di� erentiation syndrome in patients treated with 
XOSPATA included fever, dyspnea, pleural e� usion, pericardial e� usion, 
pulmonary edema, hypotension, rapid weight gain, peripheral edema, rash, 
and renal dysfunction. Some cases had concomitant acute febrile 
neutrophilic dermatosis. Di� erentiation syndrome occurred as early as 2 days 
and up to 75 days after XOSPATA initiation and has been observed with or 
without concomitant leukocytosis. If di� erentiation syndrome is suspected, 
initiate dexamethasone 10 mg IV every 12 hours (or an equivalent dose of an 
alternative oral or IV corticosteroid) and hemodynamic monitoring until 
improvement. Taper corticosteroids after resolution of symptoms and 
administer corticosteroids for a minimum of 3 days. Symptoms of 
di� erentiation syndrome may recur with premature discontinuation of 
corticosteroid treatment. If severe signs and/or symptoms persist for more 
than 48 hours after initiation of corticosteroids, interrupt XOSPATA until signs 
and symptoms are no longer severe.

Posterior Reversible Encephalopathy Syndrome (PRES) 1% of 319 
patients treated with XOSPATA in the clinical trials experienced posterior 
reversible encephalopathy syndrome (PRES) with symptoms including 
seizure and altered mental status. Symptoms have resolved after 
discontinuation of XOSPATA. A diagnosis of PRES requires confi rmation by 
brain imaging, preferably magnetic resonance imaging (MRI). Discontinue 
XOSPATA in patients who develop PRES.

Prolonged QT Interval XOSPATA has been associated with prolonged 
cardiac ventricular repolarization (QT interval). 1% of the 317 patients with a 
post-baseline QTc measurement on treatment with XOSPATA in the clinical 
trial were found to have a QTc interval greater than 500 msec and 7% of 
patients had an increase from baseline QTc greater than 60 msec. Perform 
electrocardiogram (ECG) prior to initiation of treatment with XOSPATA, on 
days 8 and 15 of cycle 1, and prior to the start of the next two subsequent 
cycles. Interrupt and reduce XOSPATA dosage in patients who have a QTcF 
>500 msec. Hypokalemia or hypomagnesemia may increase the QT 
prolongation risk. Correct hypokalemia or hypomagnesemia prior to and 
during XOSPATA administration.

Pancreatitis 4% of 319 patients treated with XOSPATA in the clinical trials 
experienced pancreatitis. Evaluate patients who develop signs and symptoms 
of pancreatitis. Interrupt and reduce the dose of XOSPATA in patients who 
develop pancreatitis.

Embryo-Fetal Toxicity XOSPATA can cause embryo-fetal harm when 
administered to a pregnant woman. Advise females of reproductive potential 
to use e� ective contraception during treatment with XOSPATA and for at least 
6 months after the last dose of XOSPATA. Advise males with female partners of 
reproductive potential to use e� ective contraception during treatment with 
XOSPATA and for at least 4 months after the last dose of XOSPATA. Pregnant 
women, patients becoming pregnant while receiving XOSPATA or male 
patients with pregnant female partners should be apprised of the potential 
risk to the fetus.

ADVERSE REACTIONS
Fatal adverse reactions occurred in 2% of patients receiving XOSPATA. These 
were cardiac arrest (1%) and one case each of di� erentiation syndrome and 
pancreatitis. The most frequent (≥5%) nonhematological serious adverse 
reactions reported in patients were fever (13%), dyspnea (9%), renal 
impairment (8%), transaminase increased (6%) and noninfectious 
diarrhea (5%).

7% discontinued XOSPATA treatment permanently due to an adverse 
reaction. The most common (>1%) adverse reactions leading to 
discontinuation were aspartate aminotransferase increased (2%) and alanine 
aminotransferase increased (2%).

The most frequent (≥5%) grade ≥3 nonhematological adverse reactions 
reported in patients were transaminase increased (21%), dyspnea (12%), 
hypotension (7%), mucositis (7%), myalgia/arthralgia (7%), and fatigue/
malaise (6%). 

Other clinically signifi cant adverse reactions occurring in ≤10% of patients 
included: electrocardiogram QT prolonged (9%), hypersensitivity (8%), 
pancreatitis (5%), cardiac failure (4%), pericardial e� usion (4%), acute febrile 
neutrophilic dermatosis (3%), di� erentiation syndrome (3%), pericarditis/
myocarditis (2%), large intestine perforation (1%), and posterior reversible 
encephalopathy syndrome (1%).

Lab Abnormalities Shifts to grades 3-4 nonhematologic laboratory 
abnormalities in XOSPATA treated patients included phosphate decreased 
(14%), alanine aminotransferase increased (13%), sodium decreased (12%), 
aspartate aminotransferase increased (10%), calcium decreased (6%), 
creatine kinase increased (6%), triglycerides increased (6%), creatinine 
increased (3%), and alkaline phosphatase increased (2%).

DRUG INTERACTIONS
Combined P-gp and Strong CYP3A Inducers Concomitant use of XOSPATA 
with a combined P-gp and strong CYP3A inducer decreases XOSPATA 
exposure which may decrease XOSPATA e�  cacy. Avoid concomitant use of 
XOSPATA with combined P-gp and strong CYP3A inducers.

Strong CYP3A inhibitors Concomitant use of XOSPATA with a strong CYP3A 
inhibitor increases XOSPATA exposure. Consider alternative therapies that are 
not strong CYP3A inhibitors. If the concomitant use of these inhibitors is 
considered essential for the care of the patient, monitor patient more 
frequently for XOSPATA adverse reactions. Interrupt and reduce XOSPATA 
dosage in patients with serious or life-threatening toxicity.

Drugs that Target 5HT2B Receptor or Sigma Nonspecifi c Receptor
Concomitant use of XOSPATA may reduce the e� ects of drugs that target the 
5HT2B receptor or the sigma nonspecifi c receptor (e.g., escitalopram, 
fl uoxetine, sertraline). Avoid concomitant use of these drugs with XOSPATA 
unless their use is considered essential for the care of the patient.

SPECIFIC POPULATIONS
Lactation Advise women not to breastfeed during treatment with XOSPATA 
and for 2 months after the last dose.

In Relapsed or Refractory FLT3m+ AML,* 
XOSPATA Is the Only FDA-Approved 
Targeted Monotherapy to Deliver Superior 
Overall Survival† vs Salvage Chemotherapy1,2

vs 5.6 months with salvage chemotherapy 
(95% CI: 4.7, 7.3)

vs salvage chemotherapy (n=124)
HR=0.64 (95% CI: 0.49, 0.83); P=0.0004

reduced risk of death 
with XOSPATA (n=247)136% median OS with 

XOSPATA (95% CI: 7.7, 10.7)19.3
 months

Please see adjacent pages for Brief Summary of Full 
Prescribing Information, including BOXED WARNING.
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(12%), aspartate aminotransferase increased (10%), calcium decreased (6%), 
creatine kinase increased (6%), triglycerides increased (6%), creatinine increased 
(3%), and alkaline phosphatase increased (2%).
Other clinically significant adverse reactions occurring in ≤10% of patients 
included: electrocardiogram QT prolonged (9%), hypersensitivity* (8%), 
pancreatitis* (5%), cardiac failure* (4%), pericardial effusion (4%), acute febrile 
neutrophilic dermatosis (3%), differentiation syndrome (3%), pericarditis/
myocarditis* (2%), large intestine perforation (1%), and posterior reversible 
encephalopathy syndrome (1%).

DRUG INTERACTIONS
Combined P-gp and Strong CYP3A Inducers
Concomitant use of XOSPATA with a combined P-gp and strong CYP3A inducer 
decreases gilteritinib exposure which may decrease XOSPATA efficacy. Avoid 
concomitant use of XOSPATA with combined P-gp and strong CYP3A inducers.
Strong CYP3A Inhibitors
Concomitant use of XOSPATA with a strong CYP3A inhibitor increases gilteritinib 
exposure. Consider alternative therapies that are not strong CYP3A inhibitors. If 
the concomitant use of these inhibitors is considered essential for the care of the 
patient, monitor patient more frequently for XOSPATA adverse reactions. Interrupt 
and reduce XOSPATA dosage in patients with serious or life-threatening toxicity.
Drugs that Target 5HT2B Receptor or Sigma Nonspecific Receptor
Concomitant use of gilteritinib may reduce the effects of drugs that target the 
5HT2B receptor or the sigma nonspecific receptor (e.g., escitalopram, fluoxetine, 
sertraline). Avoid concomitant use of these drugs with XOSPATA unless their use 
is considered essential for the care of the patient.
USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on findings from animal studies and its mechanism of action, XOSPATA 
can cause fetal harm when administered to a pregnant woman. There are no 
available data on XOSPATA use in pregnant women to inform a drug-associated 
risk of adverse developmental outcomes. In animal reproduction studies, 
administration of gilteritinib to pregnant rats during organogenesis caused adverse 
developmental outcomes including embryo-fetal lethality, suppressed fetal growth, 
and teratogenicity at maternal exposures (AUC24) approximately 0.4 times the 
AUC24 in patients receiving the recommended dose. Advise pregnant women of 
the potential risk to a fetus.
Adverse outcomes in pregnancy occur regardless of the health of the mother or the 
use of medications. The background risk of major birth defects and miscarriage for 
the indicated population is unknown. In the U.S. general population, the estimated 
background risk of major birth defects and miscarriage in clinically recognized 
pregnancies is 2%-4% and 15%-20%, respectively.
Data 
Animal Data 
In an embryo-fetal development study in rats, pregnant animals received oral doses 
of gilteritinib of 0, 0.3, 3, 10, and 30 mg/kg/day during the period of organogenesis. 
Maternal findings at 30 mg/kg/day (resulting in exposures approximately 0.4 
times the AUC24 in patients receiving the recommended dose) included decreased 
body weight and food consumption. Administration of gilteritinib at the dose of  
30 mg/kg/day also resulted in embryo-fetal death (post implantation loss), 
decreased fetal body and placental weight, and decreased numbers of ossified 
sternebrae and sacral and caudal vertebrae, and increased incidence of fetal gross 
external (anasarca, local edema, exencephaly, cleft lip, cleft palate, short tail, and 
umbilical hernia), visceral (microphthalmia; atrial and/or ventricular defects; and 
malformed/absent kidney, and malpositioned adrenal, and ovary), and skeletal 
(sternoschisis, absent rib, fused rib, fused cervical arch, misaligned cervical 
vertebra, and absent thoracic vertebra) abnormalities.
Single oral administration of [14C] gilteritinib to pregnant rats resulted in transfer of 
radioactivity to the fetus similar to that observed in maternal plasma on day 14 of 

gestation. In addition, distribution profiles of radioactivity in most maternal tissues 
and the fetus on day 18 of gestation were similar to that on day 14 of gestation.
Lactation
Risk Summary
There are no data on the presence of gilteritinib and/or its metabolites in human 
milk, the effects on the breastfed child, or the effects on milk production. Following 
administration of radiolabeled gilteritinib to lactating rats, milk concentrations of 
radioactivity were higher than radioactivity in maternal plasma at 4 and 24 hours 
post-dose. In animal studies, gilteritinib and/or its metabolite(s) were distributed 
to the tissues in infant rats via the milk. Because of the potential for serious adverse 
reactions in a breastfed child, advise a lactating woman not to breastfeed during 
treatment with XOSPATA and for 2 months after the last dose.
Females and Males of Reproductive Potential 
Pregnancy testing
Pregnancy testing is recommended for females of reproductive potential within 
seven days prior to initiating XOSPATA treatment.
Contraception 
Females
Advise females of reproductive potential to use effective contraception during 
treatment and for at least 6 months after the last dose of XOSPATA.
Males
Advise males of reproductive potential to use effective contraception during 
treatment and for at least 4 months after the last dose of XOSPATA.
Pediatric Use
Safety and effectiveness in pediatric patients have not been established.
Geriatric Use 
Of the 319 patients in clinical studies of XOSPATA, 43% were age 65 years or 
older, and 13% were 75 years or older. No overall differences in effectiveness or 
safety were observed between patients age 65 years or older and younger patients.
NONCLINICAL TOXICOLOGY
Carcinogenesis, Mutagenesis, Impairment of Fertility
Carcinogenicity studies have not been performed with gilteritinib. Gilteritinib was 
not mutagenic in a bacterial mutagenesis (Ames) assay and was not clastogenic 
in a chromosome aberration test assay in Chinese hamster lung cells. Gilteritinib 
was positive for the induction of micronuclei in mouse bone marrow cells from  
65 mg/kg (195 mg/m2) the mid dose tested (approximately 2.6 times the 
recommended human dose of 120 mg). The effect of XOSPATA on human fertility 
is unknown. Administration of 10 mg/kg/day gilteritinib in the 4-week study in 
dogs (12 days of dosing) resulted in degeneration and necrosis of germ cells and 
spermatid giant cell formation in the testis as well as single cell necrosis of the 
epididymal duct epithelia of the epididymal head.
Animal Toxicology and/or Pharmacology
In the 13-week oral repeated dose toxicity studies in rats and dogs, target organs 
of toxicity included the eye and kidney.
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* Grouped terms: cardiac failure (cardiac failure, cardiac failure congestive, cardiomegaly, 
cardiomyopathy, chronic left ventricular failure, and ejection fraction decreased), 
hypersensitivity (anaphylactic reaction, angioedema, dermatitis allergic, drug 
hypersensitivity, erythema multiforme, hypersensitivity, and urticaria), pancreatitis (amylase 
increased, lipase increased, pancreatitis, pancreatitis acute), pericarditis/myocarditis 
(myocarditis, pericardial hemorrhage, pericardial rub, and pericarditis).

XOSPATA® (gilteritinib) tablets for oral use 
The following is a brief summary of full Prescribing Information. Please see the 
package insert for full prescribing information.

WARNING: DIFFERENTIATION SYNDROME
Patients treated with XOSPATA have experienced symptoms of 
differentiation syndrome, which can be fatal or life-threatening 
if not treated. Symptoms may include fever, dyspnea, hypoxia, 
pulmonary infiltrates, pleural or pericardial effusions, rapid weight 
gain or peripheral edema, hypotension, or renal dysfunction. 
If differentiation syndrome is suspected, initiate corticosteroid 
therapy and hemodynamic monitoring until symptom resolution.

INDICATIONS AND USAGE
XOSPATA is indicated for the treatment of adult patients who have relapsed or 
refractory acute myeloid leukemia (AML) with a FMS-like tyrosine kinase 3 (FLT3) 
mutation as detected by an FDA-approved test.
DOSAGE AND ADMINISTRATION
Patient Selection
Select patients for the treatment of AML with XOSPATA based on the presence 
of FLT3 mutations in the blood or bone marrow. Information on FDA-
approved tests for the detection of a FLT3 mutation in AML is available at  
http://www.fda.gov/CompanionDiagnostics.
Recommended Dosage
The recommended starting dose of XOSPATA is 120 mg orally once daily with or 
without food. Response may be delayed. In the absence of disease progression 
or unacceptable toxicity, treatment for a minimum of 6 months is recommended 
to allow time for a clinical response. Do not break or crush XOSPATA tablets. 
Administer XOSPATA tablets orally about the same time each day. If a dose of 
XOSPATA is missed or not taken at the usual time, administer the dose as soon as 
possible on the same day, and at least 12 hours prior to the next scheduled dose. 
Return to the normal schedule the following day. Do not administer 2 doses within 
12 hours.
Dose Modification
Assess blood counts and blood chemistries, including creatine phosphokinase, 
prior to the initiation of XOSPATA, at least once weekly for the first month, once 
every other week for the second month, and once monthly for the duration of 
therapy. Perform electrocardiogram (ECG) prior to initiation of treatment with 
gilteritinib, on days 8 and 15 of cycle 1, and prior to the start of the next two 
subsequent cycles. Interrupt dosing or reduce dose for toxicities.
CONTRAINDICATIONS
XOSPATA is contraindicated in patients with hypersensitivity to gilteritinib or any 
of the excipients. Anaphylactic reactions have been observed in clinical trials.
WARNINGS AND PRECAUTIONS
Differentiation Syndrome
Of 319 patients treated with XOSPATA in the clinical trials, 3% experienced 
differentiation syndrome. Differentiation syndrome is associated with rapid 
proliferation and differentiation of myeloid cells and may be life-threatening 
or fatal if not treated. Symptoms of differentiation syndrome in patients treated 
with XOSPATA included fever, dyspnea, pleural effusion, pericardial effusion, 
pulmonary edema, hypotension, rapid weight gain, peripheral edema, rash, 
and renal dysfunction. Some cases had concomitant acute febrile neutrophilic 
dermatosis. Differentiation syndrome occurred as early as 2 days and up to 75 
days after XOSPATA initiation and has been observed with or without concomitant 
leukocytosis. Of the 11 patients who experienced differentiation syndrome, 
9 (82%) recovered after treatment or after dose interruption of XOSPATA. If 
differentiation syndrome is suspected, initiate dexamethasone 10 mg IV every 
12 hours (or an equivalent dose of an alternative oral or IV corticosteroid) 
and hemodynamic monitoring until improvement. Taper corticosteroids after 
resolution of symptoms and administer corticosteroids for a minimum of 3 days. 
Symptoms of differentiation syndrome may recur with premature discontinuation 
of corticosteroid treatment. If severe signs and/or symptoms persist for more than 
48 hours after initiation of corticosteroids, interrupt XOSPATA until signs and 
symptoms are no longer severe.

Posterior Reversible Encephalopathy Syndrome (PRES)
Of 319 patients treated with XOSPATA in the clinical trials, 1% experienced posterior 
reversible encephalopathy syndrome (PRES) with symptoms including seizure and 
altered mental status. Symptoms have resolved after discontinuation of XOSPATA. 
A diagnosis of PRES requires confirmation by brain imaging, preferably magnetic 
resonance imaging (MRI). Discontinue XOSPATA in patients who develop PRES.
Prolonged QT Interval
XOSPATA has been associated with prolonged cardiac ventricular repolarization 
(QT interval). Of the 317 patients with a post-baseline QTc measurement on 
treatment with XOSPATA in the clinical trial, 1% were found to have a QTc interval 
greater than 500 msec and 7% of patients had an increase from baseline QTc 
greater than 60 msec. Perform electrocardiogram (ECG) prior to initiation of 
treatment with gilteritinib, on days 8 and 15 of cycle 1, and prior to the start of the 
next two subsequent cycles. Interrupt and reduce XOSPATA dosage in patients who 
have a QTcF >500 msec. Hypokalemia or hypomagnesemia may increase the QT 
prolongation risk. Correct hypokalemia or hypomagnesemia prior to and during 
XOSPATA administration.
Pancreatitis
Of 319 patients treated with XOSPATA in the clinical trials, 4% experienced 
pancreatitis. Evaluate patients who develop signs and symptoms of pancreatitis. 
Interrupt and reduce the dose of XOSPATA in patients who develop pancreatitis.
Embryo-Fetal Toxicity
Based on findings in animals and its mechanism of action, XOSPATA can cause 
embryo-fetal harm when administered to a pregnant woman. Advise females 
of reproductive potential to use effective contraception during treatment with 
XOSPATA and for at least 6 months after the last dose of XOSPATA. Advise males 
with female partners of reproductive potential to use effective contraception during 
treatment with XOSPATA and for at least 4 months after the last dose of XOSPATA. 
Pregnant women, patients becoming pregnant while receiving XOSPATA or male 
patients with pregnant female partners should be apprised of the potential risk to 
the fetus. 
ADVERSE REACTIONS
Clinical Trial Experience
Because clinical trials are conducted under widely varying conditions, adverse 
reaction rates observed in the clinical trials of a drug cannot be directly compared 
to rates in the clinical trials of another drug and may not reflect the rates observed 
in practice.
The safety profile of XOSPATA is based on 319 patients with relapsed or refractory 
AML treated with gilteritinib 120 mg daily in three clinical trials. The median 
duration of exposure to XOSPATA was 3.6 months (range 0.1 to 43.4 months). 
Fatal adverse reactions occurred in 2% of patients receiving XOSPATA. These 
included cardiac arrest (1%) and one case each of differentiation syndrome 
and pancreatitis. The most frequent (≥5%) nonhematological serious adverse 
reactions reported in patients were fever (13%), dyspnea (9%), renal impairment 
(8%), transaminase increased (6%) and noninfectious diarrhea (5%).
Of the 319 patients, 91 (29%) required a dose interruption due to an adverse 
reaction; the most common adverse reactions leading to dose interruption were 
aspartate aminotransferase increased (6%), alanine aminotransferase increased 
(6%) and fever (4%). Twenty patients (6%) required a dose reduction due to an 
adverse reaction. Twenty-two (7%) discontinued XOSPATA treatment permanently 
due to an adverse reaction. 
The most common (>1%) adverse reactions leading to discontinuation were 
aspartate aminotransferase increased (2%) and alanine aminotransferase 
increased (2%).
Overall, for the 319 patients, the most frequent (≥10%) all-grade nonhematological 
adverse reactions reported in patients were transaminase increased (51%), 
myalgia/arthralgia (50%), fatigue/malaise (44%), fever (41%), mucositis (41%), 
edema (40%), rash (36%), noninfectious diarrhea (35%), dyspnea (35%), nausea 
(30%), cough (28%), constipation (28%), eye disorders (25%), headache (24%), 
dizziness (22%), hypotension (22%), vomiting (21%), renal impairment (21%), 
abdominal pain (18%), neuropathy (18%), insomnia (15%) and dysgeusia (11%). 
The most frequent (≥5%) grade ≥3 nonhematological adverse reactions reported 
in patients were transaminase increased (21%), dyspnea (12%), hypotension 
(7%), mucositis (7%), myalgia/arthralgia (7%), and fatigue/malaise (6%). 
Shifts to grades 3-4 nonhematologic laboratory abnormalities included phosphate 
decreased (14%), alanine aminotransferase increased (13%), sodium decreased 
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(12%), aspartate aminotransferase increased (10%), calcium decreased (6%), 
creatine kinase increased (6%), triglycerides increased (6%), creatinine increased 
(3%), and alkaline phosphatase increased (2%).
Other clinically significant adverse reactions occurring in ≤10% of patients 
included: electrocardiogram QT prolonged (9%), hypersensitivity* (8%), 
pancreatitis* (5%), cardiac failure* (4%), pericardial effusion (4%), acute febrile 
neutrophilic dermatosis (3%), differentiation syndrome (3%), pericarditis/
myocarditis* (2%), large intestine perforation (1%), and posterior reversible 
encephalopathy syndrome (1%).

DRUG INTERACTIONS
Combined P-gp and Strong CYP3A Inducers
Concomitant use of XOSPATA with a combined P-gp and strong CYP3A inducer 
decreases gilteritinib exposure which may decrease XOSPATA efficacy. Avoid 
concomitant use of XOSPATA with combined P-gp and strong CYP3A inducers.
Strong CYP3A Inhibitors
Concomitant use of XOSPATA with a strong CYP3A inhibitor increases gilteritinib 
exposure. Consider alternative therapies that are not strong CYP3A inhibitors. If 
the concomitant use of these inhibitors is considered essential for the care of the 
patient, monitor patient more frequently for XOSPATA adverse reactions. Interrupt 
and reduce XOSPATA dosage in patients with serious or life-threatening toxicity.
Drugs that Target 5HT2B Receptor or Sigma Nonspecific Receptor
Concomitant use of gilteritinib may reduce the effects of drugs that target the 
5HT2B receptor or the sigma nonspecific receptor (e.g., escitalopram, fluoxetine, 
sertraline). Avoid concomitant use of these drugs with XOSPATA unless their use 
is considered essential for the care of the patient.
USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on findings from animal studies and its mechanism of action, XOSPATA 
can cause fetal harm when administered to a pregnant woman. There are no 
available data on XOSPATA use in pregnant women to inform a drug-associated 
risk of adverse developmental outcomes. In animal reproduction studies, 
administration of gilteritinib to pregnant rats during organogenesis caused adverse 
developmental outcomes including embryo-fetal lethality, suppressed fetal growth, 
and teratogenicity at maternal exposures (AUC24) approximately 0.4 times the 
AUC24 in patients receiving the recommended dose. Advise pregnant women of 
the potential risk to a fetus.
Adverse outcomes in pregnancy occur regardless of the health of the mother or the 
use of medications. The background risk of major birth defects and miscarriage for 
the indicated population is unknown. In the U.S. general population, the estimated 
background risk of major birth defects and miscarriage in clinically recognized 
pregnancies is 2%-4% and 15%-20%, respectively.
Data 
Animal Data 
In an embryo-fetal development study in rats, pregnant animals received oral doses 
of gilteritinib of 0, 0.3, 3, 10, and 30 mg/kg/day during the period of organogenesis. 
Maternal findings at 30 mg/kg/day (resulting in exposures approximately 0.4 
times the AUC24 in patients receiving the recommended dose) included decreased 
body weight and food consumption. Administration of gilteritinib at the dose of  
30 mg/kg/day also resulted in embryo-fetal death (post implantation loss), 
decreased fetal body and placental weight, and decreased numbers of ossified 
sternebrae and sacral and caudal vertebrae, and increased incidence of fetal gross 
external (anasarca, local edema, exencephaly, cleft lip, cleft palate, short tail, and 
umbilical hernia), visceral (microphthalmia; atrial and/or ventricular defects; and 
malformed/absent kidney, and malpositioned adrenal, and ovary), and skeletal 
(sternoschisis, absent rib, fused rib, fused cervical arch, misaligned cervical 
vertebra, and absent thoracic vertebra) abnormalities.
Single oral administration of [14C] gilteritinib to pregnant rats resulted in transfer of 
radioactivity to the fetus similar to that observed in maternal plasma on day 14 of 

gestation. In addition, distribution profiles of radioactivity in most maternal tissues 
and the fetus on day 18 of gestation were similar to that on day 14 of gestation.
Lactation
Risk Summary
There are no data on the presence of gilteritinib and/or its metabolites in human 
milk, the effects on the breastfed child, or the effects on milk production. Following 
administration of radiolabeled gilteritinib to lactating rats, milk concentrations of 
radioactivity were higher than radioactivity in maternal plasma at 4 and 24 hours 
post-dose. In animal studies, gilteritinib and/or its metabolite(s) were distributed 
to the tissues in infant rats via the milk. Because of the potential for serious adverse 
reactions in a breastfed child, advise a lactating woman not to breastfeed during 
treatment with XOSPATA and for 2 months after the last dose.
Females and Males of Reproductive Potential 
Pregnancy testing
Pregnancy testing is recommended for females of reproductive potential within 
seven days prior to initiating XOSPATA treatment.
Contraception 
Females
Advise females of reproductive potential to use effective contraception during 
treatment and for at least 6 months after the last dose of XOSPATA.
Males
Advise males of reproductive potential to use effective contraception during 
treatment and for at least 4 months after the last dose of XOSPATA.
Pediatric Use
Safety and effectiveness in pediatric patients have not been established.
Geriatric Use 
Of the 319 patients in clinical studies of XOSPATA, 43% were age 65 years or 
older, and 13% were 75 years or older. No overall differences in effectiveness or 
safety were observed between patients age 65 years or older and younger patients.
NONCLINICAL TOXICOLOGY
Carcinogenesis, Mutagenesis, Impairment of Fertility
Carcinogenicity studies have not been performed with gilteritinib. Gilteritinib was 
not mutagenic in a bacterial mutagenesis (Ames) assay and was not clastogenic 
in a chromosome aberration test assay in Chinese hamster lung cells. Gilteritinib 
was positive for the induction of micronuclei in mouse bone marrow cells from  
65 mg/kg (195 mg/m2) the mid dose tested (approximately 2.6 times the 
recommended human dose of 120 mg). The effect of XOSPATA on human fertility 
is unknown. Administration of 10 mg/kg/day gilteritinib in the 4-week study in 
dogs (12 days of dosing) resulted in degeneration and necrosis of germ cells and 
spermatid giant cell formation in the testis as well as single cell necrosis of the 
epididymal duct epithelia of the epididymal head.
Animal Toxicology and/or Pharmacology
In the 13-week oral repeated dose toxicity studies in rats and dogs, target organs 
of toxicity included the eye and kidney.
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* Grouped terms: cardiac failure (cardiac failure, cardiac failure congestive, cardiomegaly, 
cardiomyopathy, chronic left ventricular failure, and ejection fraction decreased), 
hypersensitivity (anaphylactic reaction, angioedema, dermatitis allergic, drug 
hypersensitivity, erythema multiforme, hypersensitivity, and urticaria), pancreatitis (amylase 
increased, lipase increased, pancreatitis, pancreatitis acute), pericarditis/myocarditis 
(myocarditis, pericardial hemorrhage, pericardial rub, and pericarditis).

XOSPATA® (gilteritinib) tablets for oral use 
The following is a brief summary of full Prescribing Information. Please see the 
package insert for full prescribing information.

WARNING: DIFFERENTIATION SYNDROME
Patients treated with XOSPATA have experienced symptoms of 
differentiation syndrome, which can be fatal or life-threatening 
if not treated. Symptoms may include fever, dyspnea, hypoxia, 
pulmonary infiltrates, pleural or pericardial effusions, rapid weight 
gain or peripheral edema, hypotension, or renal dysfunction. 
If differentiation syndrome is suspected, initiate corticosteroid 
therapy and hemodynamic monitoring until symptom resolution.

INDICATIONS AND USAGE
XOSPATA is indicated for the treatment of adult patients who have relapsed or 
refractory acute myeloid leukemia (AML) with a FMS-like tyrosine kinase 3 (FLT3) 
mutation as detected by an FDA-approved test.
DOSAGE AND ADMINISTRATION
Patient Selection
Select patients for the treatment of AML with XOSPATA based on the presence 
of FLT3 mutations in the blood or bone marrow. Information on FDA-
approved tests for the detection of a FLT3 mutation in AML is available at  
http://www.fda.gov/CompanionDiagnostics.
Recommended Dosage
The recommended starting dose of XOSPATA is 120 mg orally once daily with or 
without food. Response may be delayed. In the absence of disease progression 
or unacceptable toxicity, treatment for a minimum of 6 months is recommended 
to allow time for a clinical response. Do not break or crush XOSPATA tablets. 
Administer XOSPATA tablets orally about the same time each day. If a dose of 
XOSPATA is missed or not taken at the usual time, administer the dose as soon as 
possible on the same day, and at least 12 hours prior to the next scheduled dose. 
Return to the normal schedule the following day. Do not administer 2 doses within 
12 hours.
Dose Modification
Assess blood counts and blood chemistries, including creatine phosphokinase, 
prior to the initiation of XOSPATA, at least once weekly for the first month, once 
every other week for the second month, and once monthly for the duration of 
therapy. Perform electrocardiogram (ECG) prior to initiation of treatment with 
gilteritinib, on days 8 and 15 of cycle 1, and prior to the start of the next two 
subsequent cycles. Interrupt dosing or reduce dose for toxicities.
CONTRAINDICATIONS
XOSPATA is contraindicated in patients with hypersensitivity to gilteritinib or any 
of the excipients. Anaphylactic reactions have been observed in clinical trials.
WARNINGS AND PRECAUTIONS
Differentiation Syndrome
Of 319 patients treated with XOSPATA in the clinical trials, 3% experienced 
differentiation syndrome. Differentiation syndrome is associated with rapid 
proliferation and differentiation of myeloid cells and may be life-threatening 
or fatal if not treated. Symptoms of differentiation syndrome in patients treated 
with XOSPATA included fever, dyspnea, pleural effusion, pericardial effusion, 
pulmonary edema, hypotension, rapid weight gain, peripheral edema, rash, 
and renal dysfunction. Some cases had concomitant acute febrile neutrophilic 
dermatosis. Differentiation syndrome occurred as early as 2 days and up to 75 
days after XOSPATA initiation and has been observed with or without concomitant 
leukocytosis. Of the 11 patients who experienced differentiation syndrome, 
9 (82%) recovered after treatment or after dose interruption of XOSPATA. If 
differentiation syndrome is suspected, initiate dexamethasone 10 mg IV every 
12 hours (or an equivalent dose of an alternative oral or IV corticosteroid) 
and hemodynamic monitoring until improvement. Taper corticosteroids after 
resolution of symptoms and administer corticosteroids for a minimum of 3 days. 
Symptoms of differentiation syndrome may recur with premature discontinuation 
of corticosteroid treatment. If severe signs and/or symptoms persist for more than 
48 hours after initiation of corticosteroids, interrupt XOSPATA until signs and 
symptoms are no longer severe.

Posterior Reversible Encephalopathy Syndrome (PRES)
Of 319 patients treated with XOSPATA in the clinical trials, 1% experienced posterior 
reversible encephalopathy syndrome (PRES) with symptoms including seizure and 
altered mental status. Symptoms have resolved after discontinuation of XOSPATA. 
A diagnosis of PRES requires confirmation by brain imaging, preferably magnetic 
resonance imaging (MRI). Discontinue XOSPATA in patients who develop PRES.
Prolonged QT Interval
XOSPATA has been associated with prolonged cardiac ventricular repolarization 
(QT interval). Of the 317 patients with a post-baseline QTc measurement on 
treatment with XOSPATA in the clinical trial, 1% were found to have a QTc interval 
greater than 500 msec and 7% of patients had an increase from baseline QTc 
greater than 60 msec. Perform electrocardiogram (ECG) prior to initiation of 
treatment with gilteritinib, on days 8 and 15 of cycle 1, and prior to the start of the 
next two subsequent cycles. Interrupt and reduce XOSPATA dosage in patients who 
have a QTcF >500 msec. Hypokalemia or hypomagnesemia may increase the QT 
prolongation risk. Correct hypokalemia or hypomagnesemia prior to and during 
XOSPATA administration.
Pancreatitis
Of 319 patients treated with XOSPATA in the clinical trials, 4% experienced 
pancreatitis. Evaluate patients who develop signs and symptoms of pancreatitis. 
Interrupt and reduce the dose of XOSPATA in patients who develop pancreatitis.
Embryo-Fetal Toxicity
Based on findings in animals and its mechanism of action, XOSPATA can cause 
embryo-fetal harm when administered to a pregnant woman. Advise females 
of reproductive potential to use effective contraception during treatment with 
XOSPATA and for at least 6 months after the last dose of XOSPATA. Advise males 
with female partners of reproductive potential to use effective contraception during 
treatment with XOSPATA and for at least 4 months after the last dose of XOSPATA. 
Pregnant women, patients becoming pregnant while receiving XOSPATA or male 
patients with pregnant female partners should be apprised of the potential risk to 
the fetus. 
ADVERSE REACTIONS
Clinical Trial Experience
Because clinical trials are conducted under widely varying conditions, adverse 
reaction rates observed in the clinical trials of a drug cannot be directly compared 
to rates in the clinical trials of another drug and may not reflect the rates observed 
in practice.
The safety profile of XOSPATA is based on 319 patients with relapsed or refractory 
AML treated with gilteritinib 120 mg daily in three clinical trials. The median 
duration of exposure to XOSPATA was 3.6 months (range 0.1 to 43.4 months). 
Fatal adverse reactions occurred in 2% of patients receiving XOSPATA. These 
included cardiac arrest (1%) and one case each of differentiation syndrome 
and pancreatitis. The most frequent (≥5%) nonhematological serious adverse 
reactions reported in patients were fever (13%), dyspnea (9%), renal impairment 
(8%), transaminase increased (6%) and noninfectious diarrhea (5%).
Of the 319 patients, 91 (29%) required a dose interruption due to an adverse 
reaction; the most common adverse reactions leading to dose interruption were 
aspartate aminotransferase increased (6%), alanine aminotransferase increased 
(6%) and fever (4%). Twenty patients (6%) required a dose reduction due to an 
adverse reaction. Twenty-two (7%) discontinued XOSPATA treatment permanently 
due to an adverse reaction. 
The most common (>1%) adverse reactions leading to discontinuation were 
aspartate aminotransferase increased (2%) and alanine aminotransferase 
increased (2%).
Overall, for the 319 patients, the most frequent (≥10%) all-grade nonhematological 
adverse reactions reported in patients were transaminase increased (51%), 
myalgia/arthralgia (50%), fatigue/malaise (44%), fever (41%), mucositis (41%), 
edema (40%), rash (36%), noninfectious diarrhea (35%), dyspnea (35%), nausea 
(30%), cough (28%), constipation (28%), eye disorders (25%), headache (24%), 
dizziness (22%), hypotension (22%), vomiting (21%), renal impairment (21%), 
abdominal pain (18%), neuropathy (18%), insomnia (15%) and dysgeusia (11%). 
The most frequent (≥5%) grade ≥3 nonhematological adverse reactions reported 
in patients were transaminase increased (21%), dyspnea (12%), hypotension 
(7%), mucositis (7%), myalgia/arthralgia (7%), and fatigue/malaise (6%). 
Shifts to grades 3-4 nonhematologic laboratory abnormalities included phosphate 
decreased (14%), alanine aminotransferase increased (13%), sodium decreased 
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(12%), aspartate aminotransferase increased (10%), calcium decreased (6%), 
creatine kinase increased (6%), triglycerides increased (6%), creatinine increased 
(3%), and alkaline phosphatase increased (2%).
Other clinically significant adverse reactions occurring in ≤10% of patients 
included: electrocardiogram QT prolonged (9%), hypersensitivity* (8%), 
pancreatitis* (5%), cardiac failure* (4%), pericardial effusion (4%), acute febrile 
neutrophilic dermatosis (3%), differentiation syndrome (3%), pericarditis/
myocarditis* (2%), large intestine perforation (1%), and posterior reversible 
encephalopathy syndrome (1%).

DRUG INTERACTIONS
Combined P-gp and Strong CYP3A Inducers
Concomitant use of XOSPATA with a combined P-gp and strong CYP3A inducer 
decreases gilteritinib exposure which may decrease XOSPATA efficacy. Avoid 
concomitant use of XOSPATA with combined P-gp and strong CYP3A inducers.
Strong CYP3A Inhibitors
Concomitant use of XOSPATA with a strong CYP3A inhibitor increases gilteritinib 
exposure. Consider alternative therapies that are not strong CYP3A inhibitors. If 
the concomitant use of these inhibitors is considered essential for the care of the 
patient, monitor patient more frequently for XOSPATA adverse reactions. Interrupt 
and reduce XOSPATA dosage in patients with serious or life-threatening toxicity.
Drugs that Target 5HT2B Receptor or Sigma Nonspecific Receptor
Concomitant use of gilteritinib may reduce the effects of drugs that target the 
5HT2B receptor or the sigma nonspecific receptor (e.g., escitalopram, fluoxetine, 
sertraline). Avoid concomitant use of these drugs with XOSPATA unless their use 
is considered essential for the care of the patient.
USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on findings from animal studies and its mechanism of action, XOSPATA 
can cause fetal harm when administered to a pregnant woman. There are no 
available data on XOSPATA use in pregnant women to inform a drug-associated 
risk of adverse developmental outcomes. In animal reproduction studies, 
administration of gilteritinib to pregnant rats during organogenesis caused adverse 
developmental outcomes including embryo-fetal lethality, suppressed fetal growth, 
and teratogenicity at maternal exposures (AUC24) approximately 0.4 times the 
AUC24 in patients receiving the recommended dose. Advise pregnant women of 
the potential risk to a fetus.
Adverse outcomes in pregnancy occur regardless of the health of the mother or the 
use of medications. The background risk of major birth defects and miscarriage for 
the indicated population is unknown. In the U.S. general population, the estimated 
background risk of major birth defects and miscarriage in clinically recognized 
pregnancies is 2%-4% and 15%-20%, respectively.
Data 
Animal Data 
In an embryo-fetal development study in rats, pregnant animals received oral doses 
of gilteritinib of 0, 0.3, 3, 10, and 30 mg/kg/day during the period of organogenesis. 
Maternal findings at 30 mg/kg/day (resulting in exposures approximately 0.4 
times the AUC24 in patients receiving the recommended dose) included decreased 
body weight and food consumption. Administration of gilteritinib at the dose of  
30 mg/kg/day also resulted in embryo-fetal death (post implantation loss), 
decreased fetal body and placental weight, and decreased numbers of ossified 
sternebrae and sacral and caudal vertebrae, and increased incidence of fetal gross 
external (anasarca, local edema, exencephaly, cleft lip, cleft palate, short tail, and 
umbilical hernia), visceral (microphthalmia; atrial and/or ventricular defects; and 
malformed/absent kidney, and malpositioned adrenal, and ovary), and skeletal 
(sternoschisis, absent rib, fused rib, fused cervical arch, misaligned cervical 
vertebra, and absent thoracic vertebra) abnormalities.
Single oral administration of [14C] gilteritinib to pregnant rats resulted in transfer of 
radioactivity to the fetus similar to that observed in maternal plasma on day 14 of 

gestation. In addition, distribution profiles of radioactivity in most maternal tissues 
and the fetus on day 18 of gestation were similar to that on day 14 of gestation.
Lactation
Risk Summary
There are no data on the presence of gilteritinib and/or its metabolites in human 
milk, the effects on the breastfed child, or the effects on milk production. Following 
administration of radiolabeled gilteritinib to lactating rats, milk concentrations of 
radioactivity were higher than radioactivity in maternal plasma at 4 and 24 hours 
post-dose. In animal studies, gilteritinib and/or its metabolite(s) were distributed 
to the tissues in infant rats via the milk. Because of the potential for serious adverse 
reactions in a breastfed child, advise a lactating woman not to breastfeed during 
treatment with XOSPATA and for 2 months after the last dose.
Females and Males of Reproductive Potential 
Pregnancy testing
Pregnancy testing is recommended for females of reproductive potential within 
seven days prior to initiating XOSPATA treatment.
Contraception 
Females
Advise females of reproductive potential to use effective contraception during 
treatment and for at least 6 months after the last dose of XOSPATA.
Males
Advise males of reproductive potential to use effective contraception during 
treatment and for at least 4 months after the last dose of XOSPATA.
Pediatric Use
Safety and effectiveness in pediatric patients have not been established.
Geriatric Use 
Of the 319 patients in clinical studies of XOSPATA, 43% were age 65 years or 
older, and 13% were 75 years or older. No overall differences in effectiveness or 
safety were observed between patients age 65 years or older and younger patients.
NONCLINICAL TOXICOLOGY
Carcinogenesis, Mutagenesis, Impairment of Fertility
Carcinogenicity studies have not been performed with gilteritinib. Gilteritinib was 
not mutagenic in a bacterial mutagenesis (Ames) assay and was not clastogenic 
in a chromosome aberration test assay in Chinese hamster lung cells. Gilteritinib 
was positive for the induction of micronuclei in mouse bone marrow cells from  
65 mg/kg (195 mg/m2) the mid dose tested (approximately 2.6 times the 
recommended human dose of 120 mg). The effect of XOSPATA on human fertility 
is unknown. Administration of 10 mg/kg/day gilteritinib in the 4-week study in 
dogs (12 days of dosing) resulted in degeneration and necrosis of germ cells and 
spermatid giant cell formation in the testis as well as single cell necrosis of the 
epididymal duct epithelia of the epididymal head.
Animal Toxicology and/or Pharmacology
In the 13-week oral repeated dose toxicity studies in rats and dogs, target organs 
of toxicity included the eye and kidney.
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* Grouped terms: cardiac failure (cardiac failure, cardiac failure congestive, cardiomegaly, 
cardiomyopathy, chronic left ventricular failure, and ejection fraction decreased), 
hypersensitivity (anaphylactic reaction, angioedema, dermatitis allergic, drug 
hypersensitivity, erythema multiforme, hypersensitivity, and urticaria), pancreatitis (amylase 
increased, lipase increased, pancreatitis, pancreatitis acute), pericarditis/myocarditis 
(myocarditis, pericardial hemorrhage, pericardial rub, and pericarditis).

XOSPATA® (gilteritinib) tablets for oral use 
The following is a brief summary of full Prescribing Information. Please see the 
package insert for full prescribing information.

WARNING: DIFFERENTIATION SYNDROME
Patients treated with XOSPATA have experienced symptoms of 
differentiation syndrome, which can be fatal or life-threatening 
if not treated. Symptoms may include fever, dyspnea, hypoxia, 
pulmonary infiltrates, pleural or pericardial effusions, rapid weight 
gain or peripheral edema, hypotension, or renal dysfunction. 
If differentiation syndrome is suspected, initiate corticosteroid 
therapy and hemodynamic monitoring until symptom resolution.

INDICATIONS AND USAGE
XOSPATA is indicated for the treatment of adult patients who have relapsed or 
refractory acute myeloid leukemia (AML) with a FMS-like tyrosine kinase 3 (FLT3) 
mutation as detected by an FDA-approved test.
DOSAGE AND ADMINISTRATION
Patient Selection
Select patients for the treatment of AML with XOSPATA based on the presence 
of FLT3 mutations in the blood or bone marrow. Information on FDA-
approved tests for the detection of a FLT3 mutation in AML is available at  
http://www.fda.gov/CompanionDiagnostics.
Recommended Dosage
The recommended starting dose of XOSPATA is 120 mg orally once daily with or 
without food. Response may be delayed. In the absence of disease progression 
or unacceptable toxicity, treatment for a minimum of 6 months is recommended 
to allow time for a clinical response. Do not break or crush XOSPATA tablets. 
Administer XOSPATA tablets orally about the same time each day. If a dose of 
XOSPATA is missed or not taken at the usual time, administer the dose as soon as 
possible on the same day, and at least 12 hours prior to the next scheduled dose. 
Return to the normal schedule the following day. Do not administer 2 doses within 
12 hours.
Dose Modification
Assess blood counts and blood chemistries, including creatine phosphokinase, 
prior to the initiation of XOSPATA, at least once weekly for the first month, once 
every other week for the second month, and once monthly for the duration of 
therapy. Perform electrocardiogram (ECG) prior to initiation of treatment with 
gilteritinib, on days 8 and 15 of cycle 1, and prior to the start of the next two 
subsequent cycles. Interrupt dosing or reduce dose for toxicities.
CONTRAINDICATIONS
XOSPATA is contraindicated in patients with hypersensitivity to gilteritinib or any 
of the excipients. Anaphylactic reactions have been observed in clinical trials.
WARNINGS AND PRECAUTIONS
Differentiation Syndrome
Of 319 patients treated with XOSPATA in the clinical trials, 3% experienced 
differentiation syndrome. Differentiation syndrome is associated with rapid 
proliferation and differentiation of myeloid cells and may be life-threatening 
or fatal if not treated. Symptoms of differentiation syndrome in patients treated 
with XOSPATA included fever, dyspnea, pleural effusion, pericardial effusion, 
pulmonary edema, hypotension, rapid weight gain, peripheral edema, rash, 
and renal dysfunction. Some cases had concomitant acute febrile neutrophilic 
dermatosis. Differentiation syndrome occurred as early as 2 days and up to 75 
days after XOSPATA initiation and has been observed with or without concomitant 
leukocytosis. Of the 11 patients who experienced differentiation syndrome, 
9 (82%) recovered after treatment or after dose interruption of XOSPATA. If 
differentiation syndrome is suspected, initiate dexamethasone 10 mg IV every 
12 hours (or an equivalent dose of an alternative oral or IV corticosteroid) 
and hemodynamic monitoring until improvement. Taper corticosteroids after 
resolution of symptoms and administer corticosteroids for a minimum of 3 days. 
Symptoms of differentiation syndrome may recur with premature discontinuation 
of corticosteroid treatment. If severe signs and/or symptoms persist for more than 
48 hours after initiation of corticosteroids, interrupt XOSPATA until signs and 
symptoms are no longer severe.

Posterior Reversible Encephalopathy Syndrome (PRES)
Of 319 patients treated with XOSPATA in the clinical trials, 1% experienced posterior 
reversible encephalopathy syndrome (PRES) with symptoms including seizure and 
altered mental status. Symptoms have resolved after discontinuation of XOSPATA. 
A diagnosis of PRES requires confirmation by brain imaging, preferably magnetic 
resonance imaging (MRI). Discontinue XOSPATA in patients who develop PRES.
Prolonged QT Interval
XOSPATA has been associated with prolonged cardiac ventricular repolarization 
(QT interval). Of the 317 patients with a post-baseline QTc measurement on 
treatment with XOSPATA in the clinical trial, 1% were found to have a QTc interval 
greater than 500 msec and 7% of patients had an increase from baseline QTc 
greater than 60 msec. Perform electrocardiogram (ECG) prior to initiation of 
treatment with gilteritinib, on days 8 and 15 of cycle 1, and prior to the start of the 
next two subsequent cycles. Interrupt and reduce XOSPATA dosage in patients who 
have a QTcF >500 msec. Hypokalemia or hypomagnesemia may increase the QT 
prolongation risk. Correct hypokalemia or hypomagnesemia prior to and during 
XOSPATA administration.
Pancreatitis
Of 319 patients treated with XOSPATA in the clinical trials, 4% experienced 
pancreatitis. Evaluate patients who develop signs and symptoms of pancreatitis. 
Interrupt and reduce the dose of XOSPATA in patients who develop pancreatitis.
Embryo-Fetal Toxicity
Based on findings in animals and its mechanism of action, XOSPATA can cause 
embryo-fetal harm when administered to a pregnant woman. Advise females 
of reproductive potential to use effective contraception during treatment with 
XOSPATA and for at least 6 months after the last dose of XOSPATA. Advise males 
with female partners of reproductive potential to use effective contraception during 
treatment with XOSPATA and for at least 4 months after the last dose of XOSPATA. 
Pregnant women, patients becoming pregnant while receiving XOSPATA or male 
patients with pregnant female partners should be apprised of the potential risk to 
the fetus. 
ADVERSE REACTIONS
Clinical Trial Experience
Because clinical trials are conducted under widely varying conditions, adverse 
reaction rates observed in the clinical trials of a drug cannot be directly compared 
to rates in the clinical trials of another drug and may not reflect the rates observed 
in practice.
The safety profile of XOSPATA is based on 319 patients with relapsed or refractory 
AML treated with gilteritinib 120 mg daily in three clinical trials. The median 
duration of exposure to XOSPATA was 3.6 months (range 0.1 to 43.4 months). 
Fatal adverse reactions occurred in 2% of patients receiving XOSPATA. These 
included cardiac arrest (1%) and one case each of differentiation syndrome 
and pancreatitis. The most frequent (≥5%) nonhematological serious adverse 
reactions reported in patients were fever (13%), dyspnea (9%), renal impairment 
(8%), transaminase increased (6%) and noninfectious diarrhea (5%).
Of the 319 patients, 91 (29%) required a dose interruption due to an adverse 
reaction; the most common adverse reactions leading to dose interruption were 
aspartate aminotransferase increased (6%), alanine aminotransferase increased 
(6%) and fever (4%). Twenty patients (6%) required a dose reduction due to an 
adverse reaction. Twenty-two (7%) discontinued XOSPATA treatment permanently 
due to an adverse reaction. 
The most common (>1%) adverse reactions leading to discontinuation were 
aspartate aminotransferase increased (2%) and alanine aminotransferase 
increased (2%).
Overall, for the 319 patients, the most frequent (≥10%) all-grade nonhematological 
adverse reactions reported in patients were transaminase increased (51%), 
myalgia/arthralgia (50%), fatigue/malaise (44%), fever (41%), mucositis (41%), 
edema (40%), rash (36%), noninfectious diarrhea (35%), dyspnea (35%), nausea 
(30%), cough (28%), constipation (28%), eye disorders (25%), headache (24%), 
dizziness (22%), hypotension (22%), vomiting (21%), renal impairment (21%), 
abdominal pain (18%), neuropathy (18%), insomnia (15%) and dysgeusia (11%). 
The most frequent (≥5%) grade ≥3 nonhematological adverse reactions reported 
in patients were transaminase increased (21%), dyspnea (12%), hypotension 
(7%), mucositis (7%), myalgia/arthralgia (7%), and fatigue/malaise (6%). 
Shifts to grades 3-4 nonhematologic laboratory abnormalities included phosphate 
decreased (14%), alanine aminotransferase increased (13%), sodium decreased 
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(12%), aspartate aminotransferase increased (10%), calcium decreased (6%), 
creatine kinase increased (6%), triglycerides increased (6%), creatinine increased 
(3%), and alkaline phosphatase increased (2%).
Other clinically significant adverse reactions occurring in ≤10% of patients 
included: electrocardiogram QT prolonged (9%), hypersensitivity* (8%), 
pancreatitis* (5%), cardiac failure* (4%), pericardial effusion (4%), acute febrile 
neutrophilic dermatosis (3%), differentiation syndrome (3%), pericarditis/
myocarditis* (2%), large intestine perforation (1%), and posterior reversible 
encephalopathy syndrome (1%).

DRUG INTERACTIONS
Combined P-gp and Strong CYP3A Inducers
Concomitant use of XOSPATA with a combined P-gp and strong CYP3A inducer 
decreases gilteritinib exposure which may decrease XOSPATA efficacy. Avoid 
concomitant use of XOSPATA with combined P-gp and strong CYP3A inducers.
Strong CYP3A Inhibitors
Concomitant use of XOSPATA with a strong CYP3A inhibitor increases gilteritinib 
exposure. Consider alternative therapies that are not strong CYP3A inhibitors. If 
the concomitant use of these inhibitors is considered essential for the care of the 
patient, monitor patient more frequently for XOSPATA adverse reactions. Interrupt 
and reduce XOSPATA dosage in patients with serious or life-threatening toxicity.
Drugs that Target 5HT2B Receptor or Sigma Nonspecific Receptor
Concomitant use of gilteritinib may reduce the effects of drugs that target the 
5HT2B receptor or the sigma nonspecific receptor (e.g., escitalopram, fluoxetine, 
sertraline). Avoid concomitant use of these drugs with XOSPATA unless their use 
is considered essential for the care of the patient.
USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on findings from animal studies and its mechanism of action, XOSPATA 
can cause fetal harm when administered to a pregnant woman. There are no 
available data on XOSPATA use in pregnant women to inform a drug-associated 
risk of adverse developmental outcomes. In animal reproduction studies, 
administration of gilteritinib to pregnant rats during organogenesis caused adverse 
developmental outcomes including embryo-fetal lethality, suppressed fetal growth, 
and teratogenicity at maternal exposures (AUC24) approximately 0.4 times the 
AUC24 in patients receiving the recommended dose. Advise pregnant women of 
the potential risk to a fetus.
Adverse outcomes in pregnancy occur regardless of the health of the mother or the 
use of medications. The background risk of major birth defects and miscarriage for 
the indicated population is unknown. In the U.S. general population, the estimated 
background risk of major birth defects and miscarriage in clinically recognized 
pregnancies is 2%-4% and 15%-20%, respectively.
Data 
Animal Data 
In an embryo-fetal development study in rats, pregnant animals received oral doses 
of gilteritinib of 0, 0.3, 3, 10, and 30 mg/kg/day during the period of organogenesis. 
Maternal findings at 30 mg/kg/day (resulting in exposures approximately 0.4 
times the AUC24 in patients receiving the recommended dose) included decreased 
body weight and food consumption. Administration of gilteritinib at the dose of  
30 mg/kg/day also resulted in embryo-fetal death (post implantation loss), 
decreased fetal body and placental weight, and decreased numbers of ossified 
sternebrae and sacral and caudal vertebrae, and increased incidence of fetal gross 
external (anasarca, local edema, exencephaly, cleft lip, cleft palate, short tail, and 
umbilical hernia), visceral (microphthalmia; atrial and/or ventricular defects; and 
malformed/absent kidney, and malpositioned adrenal, and ovary), and skeletal 
(sternoschisis, absent rib, fused rib, fused cervical arch, misaligned cervical 
vertebra, and absent thoracic vertebra) abnormalities.
Single oral administration of [14C] gilteritinib to pregnant rats resulted in transfer of 
radioactivity to the fetus similar to that observed in maternal plasma on day 14 of 

gestation. In addition, distribution profiles of radioactivity in most maternal tissues 
and the fetus on day 18 of gestation were similar to that on day 14 of gestation.
Lactation
Risk Summary
There are no data on the presence of gilteritinib and/or its metabolites in human 
milk, the effects on the breastfed child, or the effects on milk production. Following 
administration of radiolabeled gilteritinib to lactating rats, milk concentrations of 
radioactivity were higher than radioactivity in maternal plasma at 4 and 24 hours 
post-dose. In animal studies, gilteritinib and/or its metabolite(s) were distributed 
to the tissues in infant rats via the milk. Because of the potential for serious adverse 
reactions in a breastfed child, advise a lactating woman not to breastfeed during 
treatment with XOSPATA and for 2 months after the last dose.
Females and Males of Reproductive Potential 
Pregnancy testing
Pregnancy testing is recommended for females of reproductive potential within 
seven days prior to initiating XOSPATA treatment.
Contraception 
Females
Advise females of reproductive potential to use effective contraception during 
treatment and for at least 6 months after the last dose of XOSPATA.
Males
Advise males of reproductive potential to use effective contraception during 
treatment and for at least 4 months after the last dose of XOSPATA.
Pediatric Use
Safety and effectiveness in pediatric patients have not been established.
Geriatric Use 
Of the 319 patients in clinical studies of XOSPATA, 43% were age 65 years or 
older, and 13% were 75 years or older. No overall differences in effectiveness or 
safety were observed between patients age 65 years or older and younger patients.
NONCLINICAL TOXICOLOGY
Carcinogenesis, Mutagenesis, Impairment of Fertility
Carcinogenicity studies have not been performed with gilteritinib. Gilteritinib was 
not mutagenic in a bacterial mutagenesis (Ames) assay and was not clastogenic 
in a chromosome aberration test assay in Chinese hamster lung cells. Gilteritinib 
was positive for the induction of micronuclei in mouse bone marrow cells from  
65 mg/kg (195 mg/m2) the mid dose tested (approximately 2.6 times the 
recommended human dose of 120 mg). The effect of XOSPATA on human fertility 
is unknown. Administration of 10 mg/kg/day gilteritinib in the 4-week study in 
dogs (12 days of dosing) resulted in degeneration and necrosis of germ cells and 
spermatid giant cell formation in the testis as well as single cell necrosis of the 
epididymal duct epithelia of the epididymal head.
Animal Toxicology and/or Pharmacology
In the 13-week oral repeated dose toxicity studies in rats and dogs, target organs 
of toxicity included the eye and kidney.
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* Grouped terms: cardiac failure (cardiac failure, cardiac failure congestive, cardiomegaly, 
cardiomyopathy, chronic left ventricular failure, and ejection fraction decreased), 
hypersensitivity (anaphylactic reaction, angioedema, dermatitis allergic, drug 
hypersensitivity, erythema multiforme, hypersensitivity, and urticaria), pancreatitis (amylase 
increased, lipase increased, pancreatitis, pancreatitis acute), pericarditis/myocarditis 
(myocarditis, pericardial hemorrhage, pericardial rub, and pericarditis).

XOSPATA® (gilteritinib) tablets for oral use 
The following is a brief summary of full Prescribing Information. Please see the 
package insert for full prescribing information.

WARNING: DIFFERENTIATION SYNDROME
Patients treated with XOSPATA have experienced symptoms of 
differentiation syndrome, which can be fatal or life-threatening 
if not treated. Symptoms may include fever, dyspnea, hypoxia, 
pulmonary infiltrates, pleural or pericardial effusions, rapid weight 
gain or peripheral edema, hypotension, or renal dysfunction. 
If differentiation syndrome is suspected, initiate corticosteroid 
therapy and hemodynamic monitoring until symptom resolution.

INDICATIONS AND USAGE
XOSPATA is indicated for the treatment of adult patients who have relapsed or 
refractory acute myeloid leukemia (AML) with a FMS-like tyrosine kinase 3 (FLT3) 
mutation as detected by an FDA-approved test.
DOSAGE AND ADMINISTRATION
Patient Selection
Select patients for the treatment of AML with XOSPATA based on the presence 
of FLT3 mutations in the blood or bone marrow. Information on FDA-
approved tests for the detection of a FLT3 mutation in AML is available at  
http://www.fda.gov/CompanionDiagnostics.
Recommended Dosage
The recommended starting dose of XOSPATA is 120 mg orally once daily with or 
without food. Response may be delayed. In the absence of disease progression 
or unacceptable toxicity, treatment for a minimum of 6 months is recommended 
to allow time for a clinical response. Do not break or crush XOSPATA tablets. 
Administer XOSPATA tablets orally about the same time each day. If a dose of 
XOSPATA is missed or not taken at the usual time, administer the dose as soon as 
possible on the same day, and at least 12 hours prior to the next scheduled dose. 
Return to the normal schedule the following day. Do not administer 2 doses within 
12 hours.
Dose Modification
Assess blood counts and blood chemistries, including creatine phosphokinase, 
prior to the initiation of XOSPATA, at least once weekly for the first month, once 
every other week for the second month, and once monthly for the duration of 
therapy. Perform electrocardiogram (ECG) prior to initiation of treatment with 
gilteritinib, on days 8 and 15 of cycle 1, and prior to the start of the next two 
subsequent cycles. Interrupt dosing or reduce dose for toxicities.
CONTRAINDICATIONS
XOSPATA is contraindicated in patients with hypersensitivity to gilteritinib or any 
of the excipients. Anaphylactic reactions have been observed in clinical trials.
WARNINGS AND PRECAUTIONS
Differentiation Syndrome
Of 319 patients treated with XOSPATA in the clinical trials, 3% experienced 
differentiation syndrome. Differentiation syndrome is associated with rapid 
proliferation and differentiation of myeloid cells and may be life-threatening 
or fatal if not treated. Symptoms of differentiation syndrome in patients treated 
with XOSPATA included fever, dyspnea, pleural effusion, pericardial effusion, 
pulmonary edema, hypotension, rapid weight gain, peripheral edema, rash, 
and renal dysfunction. Some cases had concomitant acute febrile neutrophilic 
dermatosis. Differentiation syndrome occurred as early as 2 days and up to 75 
days after XOSPATA initiation and has been observed with or without concomitant 
leukocytosis. Of the 11 patients who experienced differentiation syndrome, 
9 (82%) recovered after treatment or after dose interruption of XOSPATA. If 
differentiation syndrome is suspected, initiate dexamethasone 10 mg IV every 
12 hours (or an equivalent dose of an alternative oral or IV corticosteroid) 
and hemodynamic monitoring until improvement. Taper corticosteroids after 
resolution of symptoms and administer corticosteroids for a minimum of 3 days. 
Symptoms of differentiation syndrome may recur with premature discontinuation 
of corticosteroid treatment. If severe signs and/or symptoms persist for more than 
48 hours after initiation of corticosteroids, interrupt XOSPATA until signs and 
symptoms are no longer severe.

Posterior Reversible Encephalopathy Syndrome (PRES)
Of 319 patients treated with XOSPATA in the clinical trials, 1% experienced posterior 
reversible encephalopathy syndrome (PRES) with symptoms including seizure and 
altered mental status. Symptoms have resolved after discontinuation of XOSPATA. 
A diagnosis of PRES requires confirmation by brain imaging, preferably magnetic 
resonance imaging (MRI). Discontinue XOSPATA in patients who develop PRES.
Prolonged QT Interval
XOSPATA has been associated with prolonged cardiac ventricular repolarization 
(QT interval). Of the 317 patients with a post-baseline QTc measurement on 
treatment with XOSPATA in the clinical trial, 1% were found to have a QTc interval 
greater than 500 msec and 7% of patients had an increase from baseline QTc 
greater than 60 msec. Perform electrocardiogram (ECG) prior to initiation of 
treatment with gilteritinib, on days 8 and 15 of cycle 1, and prior to the start of the 
next two subsequent cycles. Interrupt and reduce XOSPATA dosage in patients who 
have a QTcF >500 msec. Hypokalemia or hypomagnesemia may increase the QT 
prolongation risk. Correct hypokalemia or hypomagnesemia prior to and during 
XOSPATA administration.
Pancreatitis
Of 319 patients treated with XOSPATA in the clinical trials, 4% experienced 
pancreatitis. Evaluate patients who develop signs and symptoms of pancreatitis. 
Interrupt and reduce the dose of XOSPATA in patients who develop pancreatitis.
Embryo-Fetal Toxicity
Based on findings in animals and its mechanism of action, XOSPATA can cause 
embryo-fetal harm when administered to a pregnant woman. Advise females 
of reproductive potential to use effective contraception during treatment with 
XOSPATA and for at least 6 months after the last dose of XOSPATA. Advise males 
with female partners of reproductive potential to use effective contraception during 
treatment with XOSPATA and for at least 4 months after the last dose of XOSPATA. 
Pregnant women, patients becoming pregnant while receiving XOSPATA or male 
patients with pregnant female partners should be apprised of the potential risk to 
the fetus. 
ADVERSE REACTIONS
Clinical Trial Experience
Because clinical trials are conducted under widely varying conditions, adverse 
reaction rates observed in the clinical trials of a drug cannot be directly compared 
to rates in the clinical trials of another drug and may not reflect the rates observed 
in practice.
The safety profile of XOSPATA is based on 319 patients with relapsed or refractory 
AML treated with gilteritinib 120 mg daily in three clinical trials. The median 
duration of exposure to XOSPATA was 3.6 months (range 0.1 to 43.4 months). 
Fatal adverse reactions occurred in 2% of patients receiving XOSPATA. These 
included cardiac arrest (1%) and one case each of differentiation syndrome 
and pancreatitis. The most frequent (≥5%) nonhematological serious adverse 
reactions reported in patients were fever (13%), dyspnea (9%), renal impairment 
(8%), transaminase increased (6%) and noninfectious diarrhea (5%).
Of the 319 patients, 91 (29%) required a dose interruption due to an adverse 
reaction; the most common adverse reactions leading to dose interruption were 
aspartate aminotransferase increased (6%), alanine aminotransferase increased 
(6%) and fever (4%). Twenty patients (6%) required a dose reduction due to an 
adverse reaction. Twenty-two (7%) discontinued XOSPATA treatment permanently 
due to an adverse reaction. 
The most common (>1%) adverse reactions leading to discontinuation were 
aspartate aminotransferase increased (2%) and alanine aminotransferase 
increased (2%).
Overall, for the 319 patients, the most frequent (≥10%) all-grade nonhematological 
adverse reactions reported in patients were transaminase increased (51%), 
myalgia/arthralgia (50%), fatigue/malaise (44%), fever (41%), mucositis (41%), 
edema (40%), rash (36%), noninfectious diarrhea (35%), dyspnea (35%), nausea 
(30%), cough (28%), constipation (28%), eye disorders (25%), headache (24%), 
dizziness (22%), hypotension (22%), vomiting (21%), renal impairment (21%), 
abdominal pain (18%), neuropathy (18%), insomnia (15%) and dysgeusia (11%). 
The most frequent (≥5%) grade ≥3 nonhematological adverse reactions reported 
in patients were transaminase increased (21%), dyspnea (12%), hypotension 
(7%), mucositis (7%), myalgia/arthralgia (7%), and fatigue/malaise (6%). 
Shifts to grades 3-4 nonhematologic laboratory abnormalities included phosphate 
decreased (14%), alanine aminotransferase increased (13%), sodium decreased 
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(12%), aspartate aminotransferase increased (10%), calcium decreased (6%), 
creatine kinase increased (6%), triglycerides increased (6%), creatinine increased 
(3%), and alkaline phosphatase increased (2%).
Other clinically significant adverse reactions occurring in ≤10% of patients 
included: electrocardiogram QT prolonged (9%), hypersensitivity* (8%), 
pancreatitis* (5%), cardiac failure* (4%), pericardial effusion (4%), acute febrile 
neutrophilic dermatosis (3%), differentiation syndrome (3%), pericarditis/
myocarditis* (2%), large intestine perforation (1%), and posterior reversible 
encephalopathy syndrome (1%).

DRUG INTERACTIONS
Combined P-gp and Strong CYP3A Inducers
Concomitant use of XOSPATA with a combined P-gp and strong CYP3A inducer 
decreases gilteritinib exposure which may decrease XOSPATA efficacy. Avoid 
concomitant use of XOSPATA with combined P-gp and strong CYP3A inducers.
Strong CYP3A Inhibitors
Concomitant use of XOSPATA with a strong CYP3A inhibitor increases gilteritinib 
exposure. Consider alternative therapies that are not strong CYP3A inhibitors. If 
the concomitant use of these inhibitors is considered essential for the care of the 
patient, monitor patient more frequently for XOSPATA adverse reactions. Interrupt 
and reduce XOSPATA dosage in patients with serious or life-threatening toxicity.
Drugs that Target 5HT2B Receptor or Sigma Nonspecific Receptor
Concomitant use of gilteritinib may reduce the effects of drugs that target the 
5HT2B receptor or the sigma nonspecific receptor (e.g., escitalopram, fluoxetine, 
sertraline). Avoid concomitant use of these drugs with XOSPATA unless their use 
is considered essential for the care of the patient.
USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on findings from animal studies and its mechanism of action, XOSPATA 
can cause fetal harm when administered to a pregnant woman. There are no 
available data on XOSPATA use in pregnant women to inform a drug-associated 
risk of adverse developmental outcomes. In animal reproduction studies, 
administration of gilteritinib to pregnant rats during organogenesis caused adverse 
developmental outcomes including embryo-fetal lethality, suppressed fetal growth, 
and teratogenicity at maternal exposures (AUC24) approximately 0.4 times the 
AUC24 in patients receiving the recommended dose. Advise pregnant women of 
the potential risk to a fetus.
Adverse outcomes in pregnancy occur regardless of the health of the mother or the 
use of medications. The background risk of major birth defects and miscarriage for 
the indicated population is unknown. In the U.S. general population, the estimated 
background risk of major birth defects and miscarriage in clinically recognized 
pregnancies is 2%-4% and 15%-20%, respectively.
Data 
Animal Data 
In an embryo-fetal development study in rats, pregnant animals received oral doses 
of gilteritinib of 0, 0.3, 3, 10, and 30 mg/kg/day during the period of organogenesis. 
Maternal findings at 30 mg/kg/day (resulting in exposures approximately 0.4 
times the AUC24 in patients receiving the recommended dose) included decreased 
body weight and food consumption. Administration of gilteritinib at the dose of  
30 mg/kg/day also resulted in embryo-fetal death (post implantation loss), 
decreased fetal body and placental weight, and decreased numbers of ossified 
sternebrae and sacral and caudal vertebrae, and increased incidence of fetal gross 
external (anasarca, local edema, exencephaly, cleft lip, cleft palate, short tail, and 
umbilical hernia), visceral (microphthalmia; atrial and/or ventricular defects; and 
malformed/absent kidney, and malpositioned adrenal, and ovary), and skeletal 
(sternoschisis, absent rib, fused rib, fused cervical arch, misaligned cervical 
vertebra, and absent thoracic vertebra) abnormalities.
Single oral administration of [14C] gilteritinib to pregnant rats resulted in transfer of 
radioactivity to the fetus similar to that observed in maternal plasma on day 14 of 

gestation. In addition, distribution profiles of radioactivity in most maternal tissues 
and the fetus on day 18 of gestation were similar to that on day 14 of gestation.
Lactation
Risk Summary
There are no data on the presence of gilteritinib and/or its metabolites in human 
milk, the effects on the breastfed child, or the effects on milk production. Following 
administration of radiolabeled gilteritinib to lactating rats, milk concentrations of 
radioactivity were higher than radioactivity in maternal plasma at 4 and 24 hours 
post-dose. In animal studies, gilteritinib and/or its metabolite(s) were distributed 
to the tissues in infant rats via the milk. Because of the potential for serious adverse 
reactions in a breastfed child, advise a lactating woman not to breastfeed during 
treatment with XOSPATA and for 2 months after the last dose.
Females and Males of Reproductive Potential 
Pregnancy testing
Pregnancy testing is recommended for females of reproductive potential within 
seven days prior to initiating XOSPATA treatment.
Contraception 
Females
Advise females of reproductive potential to use effective contraception during 
treatment and for at least 6 months after the last dose of XOSPATA.
Males
Advise males of reproductive potential to use effective contraception during 
treatment and for at least 4 months after the last dose of XOSPATA.
Pediatric Use
Safety and effectiveness in pediatric patients have not been established.
Geriatric Use 
Of the 319 patients in clinical studies of XOSPATA, 43% were age 65 years or 
older, and 13% were 75 years or older. No overall differences in effectiveness or 
safety were observed between patients age 65 years or older and younger patients.
NONCLINICAL TOXICOLOGY
Carcinogenesis, Mutagenesis, Impairment of Fertility
Carcinogenicity studies have not been performed with gilteritinib. Gilteritinib was 
not mutagenic in a bacterial mutagenesis (Ames) assay and was not clastogenic 
in a chromosome aberration test assay in Chinese hamster lung cells. Gilteritinib 
was positive for the induction of micronuclei in mouse bone marrow cells from  
65 mg/kg (195 mg/m2) the mid dose tested (approximately 2.6 times the 
recommended human dose of 120 mg). The effect of XOSPATA on human fertility 
is unknown. Administration of 10 mg/kg/day gilteritinib in the 4-week study in 
dogs (12 days of dosing) resulted in degeneration and necrosis of germ cells and 
spermatid giant cell formation in the testis as well as single cell necrosis of the 
epididymal duct epithelia of the epididymal head.
Animal Toxicology and/or Pharmacology
In the 13-week oral repeated dose toxicity studies in rats and dogs, target organs 
of toxicity included the eye and kidney.
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* Grouped terms: cardiac failure (cardiac failure, cardiac failure congestive, cardiomegaly, 
cardiomyopathy, chronic left ventricular failure, and ejection fraction decreased), 
hypersensitivity (anaphylactic reaction, angioedema, dermatitis allergic, drug 
hypersensitivity, erythema multiforme, hypersensitivity, and urticaria), pancreatitis (amylase 
increased, lipase increased, pancreatitis, pancreatitis acute), pericarditis/myocarditis 
(myocarditis, pericardial hemorrhage, pericardial rub, and pericarditis).

XOSPATA® (gilteritinib) tablets for oral use 
The following is a brief summary of full Prescribing Information. Please see the 
package insert for full prescribing information.

WARNING: DIFFERENTIATION SYNDROME
Patients treated with XOSPATA have experienced symptoms of 
differentiation syndrome, which can be fatal or life-threatening 
if not treated. Symptoms may include fever, dyspnea, hypoxia, 
pulmonary infiltrates, pleural or pericardial effusions, rapid weight 
gain or peripheral edema, hypotension, or renal dysfunction. 
If differentiation syndrome is suspected, initiate corticosteroid 
therapy and hemodynamic monitoring until symptom resolution.

INDICATIONS AND USAGE
XOSPATA is indicated for the treatment of adult patients who have relapsed or 
refractory acute myeloid leukemia (AML) with a FMS-like tyrosine kinase 3 (FLT3) 
mutation as detected by an FDA-approved test.
DOSAGE AND ADMINISTRATION
Patient Selection
Select patients for the treatment of AML with XOSPATA based on the presence 
of FLT3 mutations in the blood or bone marrow. Information on FDA-
approved tests for the detection of a FLT3 mutation in AML is available at  
http://www.fda.gov/CompanionDiagnostics.
Recommended Dosage
The recommended starting dose of XOSPATA is 120 mg orally once daily with or 
without food. Response may be delayed. In the absence of disease progression 
or unacceptable toxicity, treatment for a minimum of 6 months is recommended 
to allow time for a clinical response. Do not break or crush XOSPATA tablets. 
Administer XOSPATA tablets orally about the same time each day. If a dose of 
XOSPATA is missed or not taken at the usual time, administer the dose as soon as 
possible on the same day, and at least 12 hours prior to the next scheduled dose. 
Return to the normal schedule the following day. Do not administer 2 doses within 
12 hours.
Dose Modification
Assess blood counts and blood chemistries, including creatine phosphokinase, 
prior to the initiation of XOSPATA, at least once weekly for the first month, once 
every other week for the second month, and once monthly for the duration of 
therapy. Perform electrocardiogram (ECG) prior to initiation of treatment with 
gilteritinib, on days 8 and 15 of cycle 1, and prior to the start of the next two 
subsequent cycles. Interrupt dosing or reduce dose for toxicities.
CONTRAINDICATIONS
XOSPATA is contraindicated in patients with hypersensitivity to gilteritinib or any 
of the excipients. Anaphylactic reactions have been observed in clinical trials.
WARNINGS AND PRECAUTIONS
Differentiation Syndrome
Of 319 patients treated with XOSPATA in the clinical trials, 3% experienced 
differentiation syndrome. Differentiation syndrome is associated with rapid 
proliferation and differentiation of myeloid cells and may be life-threatening 
or fatal if not treated. Symptoms of differentiation syndrome in patients treated 
with XOSPATA included fever, dyspnea, pleural effusion, pericardial effusion, 
pulmonary edema, hypotension, rapid weight gain, peripheral edema, rash, 
and renal dysfunction. Some cases had concomitant acute febrile neutrophilic 
dermatosis. Differentiation syndrome occurred as early as 2 days and up to 75 
days after XOSPATA initiation and has been observed with or without concomitant 
leukocytosis. Of the 11 patients who experienced differentiation syndrome, 
9 (82%) recovered after treatment or after dose interruption of XOSPATA. If 
differentiation syndrome is suspected, initiate dexamethasone 10 mg IV every 
12 hours (or an equivalent dose of an alternative oral or IV corticosteroid) 
and hemodynamic monitoring until improvement. Taper corticosteroids after 
resolution of symptoms and administer corticosteroids for a minimum of 3 days. 
Symptoms of differentiation syndrome may recur with premature discontinuation 
of corticosteroid treatment. If severe signs and/or symptoms persist for more than 
48 hours after initiation of corticosteroids, interrupt XOSPATA until signs and 
symptoms are no longer severe.

Posterior Reversible Encephalopathy Syndrome (PRES)
Of 319 patients treated with XOSPATA in the clinical trials, 1% experienced posterior 
reversible encephalopathy syndrome (PRES) with symptoms including seizure and 
altered mental status. Symptoms have resolved after discontinuation of XOSPATA. 
A diagnosis of PRES requires confirmation by brain imaging, preferably magnetic 
resonance imaging (MRI). Discontinue XOSPATA in patients who develop PRES.
Prolonged QT Interval
XOSPATA has been associated with prolonged cardiac ventricular repolarization 
(QT interval). Of the 317 patients with a post-baseline QTc measurement on 
treatment with XOSPATA in the clinical trial, 1% were found to have a QTc interval 
greater than 500 msec and 7% of patients had an increase from baseline QTc 
greater than 60 msec. Perform electrocardiogram (ECG) prior to initiation of 
treatment with gilteritinib, on days 8 and 15 of cycle 1, and prior to the start of the 
next two subsequent cycles. Interrupt and reduce XOSPATA dosage in patients who 
have a QTcF >500 msec. Hypokalemia or hypomagnesemia may increase the QT 
prolongation risk. Correct hypokalemia or hypomagnesemia prior to and during 
XOSPATA administration.
Pancreatitis
Of 319 patients treated with XOSPATA in the clinical trials, 4% experienced 
pancreatitis. Evaluate patients who develop signs and symptoms of pancreatitis. 
Interrupt and reduce the dose of XOSPATA in patients who develop pancreatitis.
Embryo-Fetal Toxicity
Based on findings in animals and its mechanism of action, XOSPATA can cause 
embryo-fetal harm when administered to a pregnant woman. Advise females 
of reproductive potential to use effective contraception during treatment with 
XOSPATA and for at least 6 months after the last dose of XOSPATA. Advise males 
with female partners of reproductive potential to use effective contraception during 
treatment with XOSPATA and for at least 4 months after the last dose of XOSPATA. 
Pregnant women, patients becoming pregnant while receiving XOSPATA or male 
patients with pregnant female partners should be apprised of the potential risk to 
the fetus. 
ADVERSE REACTIONS
Clinical Trial Experience
Because clinical trials are conducted under widely varying conditions, adverse 
reaction rates observed in the clinical trials of a drug cannot be directly compared 
to rates in the clinical trials of another drug and may not reflect the rates observed 
in practice.
The safety profile of XOSPATA is based on 319 patients with relapsed or refractory 
AML treated with gilteritinib 120 mg daily in three clinical trials. The median 
duration of exposure to XOSPATA was 3.6 months (range 0.1 to 43.4 months). 
Fatal adverse reactions occurred in 2% of patients receiving XOSPATA. These 
included cardiac arrest (1%) and one case each of differentiation syndrome 
and pancreatitis. The most frequent (≥5%) nonhematological serious adverse 
reactions reported in patients were fever (13%), dyspnea (9%), renal impairment 
(8%), transaminase increased (6%) and noninfectious diarrhea (5%).
Of the 319 patients, 91 (29%) required a dose interruption due to an adverse 
reaction; the most common adverse reactions leading to dose interruption were 
aspartate aminotransferase increased (6%), alanine aminotransferase increased 
(6%) and fever (4%). Twenty patients (6%) required a dose reduction due to an 
adverse reaction. Twenty-two (7%) discontinued XOSPATA treatment permanently 
due to an adverse reaction. 
The most common (>1%) adverse reactions leading to discontinuation were 
aspartate aminotransferase increased (2%) and alanine aminotransferase 
increased (2%).
Overall, for the 319 patients, the most frequent (≥10%) all-grade nonhematological 
adverse reactions reported in patients were transaminase increased (51%), 
myalgia/arthralgia (50%), fatigue/malaise (44%), fever (41%), mucositis (41%), 
edema (40%), rash (36%), noninfectious diarrhea (35%), dyspnea (35%), nausea 
(30%), cough (28%), constipation (28%), eye disorders (25%), headache (24%), 
dizziness (22%), hypotension (22%), vomiting (21%), renal impairment (21%), 
abdominal pain (18%), neuropathy (18%), insomnia (15%) and dysgeusia (11%). 
The most frequent (≥5%) grade ≥3 nonhematological adverse reactions reported 
in patients were transaminase increased (21%), dyspnea (12%), hypotension 
(7%), mucositis (7%), myalgia/arthralgia (7%), and fatigue/malaise (6%). 
Shifts to grades 3-4 nonhematologic laboratory abnormalities included phosphate 
decreased (14%), alanine aminotransferase increased (13%), sodium decreased 

PREPARED BY AREA 23

Job #: 11129821
Releasing as: PDF X1a Production: Laura

Colors: Black Only AD: SW/SL

Client: Astellas Bleed: 8.5"w x 11.375"h AE: LR/SF

Product: Gilteritinib Flat Size: 7.875"w x 10.5"h Producer: Louis Hills x1787

Client Code: 077-0610-PM Final Size: 7.875"w x 10"h Digital Artist: CL, NJ, VL
Date: June 6, 2019 3:56 PM Gutter: 0.375" each side

Proof: FR5
Fonts: Helvetica

Path: PrePress:Astellas:Gilteritnib:11129821:Packaged_Jobs:11129821_BriefSummary_A_Size:11129821_BriefSummary_A_Size_FR5

1C Xospata Brief Summary | A Size

S:14.875”

S:10”

T:15.75”

T:10.5”

B:16.375”

B:11.375”

F:7.875”

FS:7.0625”

F:7.875”

FS:7.0625”11129821_BriefSummary_A_Size_FR5.indd   1 6/6/19   3:57 PM

077-0601-PM

(12%), aspartate aminotransferase increased (10%), calcium decreased (6%), 
creatine kinase increased (6%), triglycerides increased (6%), creatinine increased 
(3%), and alkaline phosphatase increased (2%).
Other clinically significant adverse reactions occurring in ≤10% of patients 
included: electrocardiogram QT prolonged (9%), hypersensitivity* (8%), 
pancreatitis* (5%), cardiac failure* (4%), pericardial effusion (4%), acute febrile 
neutrophilic dermatosis (3%), differentiation syndrome (3%), pericarditis/
myocarditis* (2%), large intestine perforation (1%), and posterior reversible 
encephalopathy syndrome (1%).

DRUG INTERACTIONS
Combined P-gp and Strong CYP3A Inducers
Concomitant use of XOSPATA with a combined P-gp and strong CYP3A inducer 
decreases gilteritinib exposure which may decrease XOSPATA efficacy. Avoid 
concomitant use of XOSPATA with combined P-gp and strong CYP3A inducers.
Strong CYP3A Inhibitors
Concomitant use of XOSPATA with a strong CYP3A inhibitor increases gilteritinib 
exposure. Consider alternative therapies that are not strong CYP3A inhibitors. If 
the concomitant use of these inhibitors is considered essential for the care of the 
patient, monitor patient more frequently for XOSPATA adverse reactions. Interrupt 
and reduce XOSPATA dosage in patients with serious or life-threatening toxicity.
Drugs that Target 5HT2B Receptor or Sigma Nonspecific Receptor
Concomitant use of gilteritinib may reduce the effects of drugs that target the 
5HT2B receptor or the sigma nonspecific receptor (e.g., escitalopram, fluoxetine, 
sertraline). Avoid concomitant use of these drugs with XOSPATA unless their use 
is considered essential for the care of the patient.
USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on findings from animal studies and its mechanism of action, XOSPATA 
can cause fetal harm when administered to a pregnant woman. There are no 
available data on XOSPATA use in pregnant women to inform a drug-associated 
risk of adverse developmental outcomes. In animal reproduction studies, 
administration of gilteritinib to pregnant rats during organogenesis caused adverse 
developmental outcomes including embryo-fetal lethality, suppressed fetal growth, 
and teratogenicity at maternal exposures (AUC24) approximately 0.4 times the 
AUC24 in patients receiving the recommended dose. Advise pregnant women of 
the potential risk to a fetus.
Adverse outcomes in pregnancy occur regardless of the health of the mother or the 
use of medications. The background risk of major birth defects and miscarriage for 
the indicated population is unknown. In the U.S. general population, the estimated 
background risk of major birth defects and miscarriage in clinically recognized 
pregnancies is 2%-4% and 15%-20%, respectively.
Data 
Animal Data 
In an embryo-fetal development study in rats, pregnant animals received oral doses 
of gilteritinib of 0, 0.3, 3, 10, and 30 mg/kg/day during the period of organogenesis. 
Maternal findings at 30 mg/kg/day (resulting in exposures approximately 0.4 
times the AUC24 in patients receiving the recommended dose) included decreased 
body weight and food consumption. Administration of gilteritinib at the dose of  
30 mg/kg/day also resulted in embryo-fetal death (post implantation loss), 
decreased fetal body and placental weight, and decreased numbers of ossified 
sternebrae and sacral and caudal vertebrae, and increased incidence of fetal gross 
external (anasarca, local edema, exencephaly, cleft lip, cleft palate, short tail, and 
umbilical hernia), visceral (microphthalmia; atrial and/or ventricular defects; and 
malformed/absent kidney, and malpositioned adrenal, and ovary), and skeletal 
(sternoschisis, absent rib, fused rib, fused cervical arch, misaligned cervical 
vertebra, and absent thoracic vertebra) abnormalities.
Single oral administration of [14C] gilteritinib to pregnant rats resulted in transfer of 
radioactivity to the fetus similar to that observed in maternal plasma on day 14 of 

gestation. In addition, distribution profiles of radioactivity in most maternal tissues 
and the fetus on day 18 of gestation were similar to that on day 14 of gestation.
Lactation
Risk Summary
There are no data on the presence of gilteritinib and/or its metabolites in human 
milk, the effects on the breastfed child, or the effects on milk production. Following 
administration of radiolabeled gilteritinib to lactating rats, milk concentrations of 
radioactivity were higher than radioactivity in maternal plasma at 4 and 24 hours 
post-dose. In animal studies, gilteritinib and/or its metabolite(s) were distributed 
to the tissues in infant rats via the milk. Because of the potential for serious adverse 
reactions in a breastfed child, advise a lactating woman not to breastfeed during 
treatment with XOSPATA and for 2 months after the last dose.
Females and Males of Reproductive Potential 
Pregnancy testing
Pregnancy testing is recommended for females of reproductive potential within 
seven days prior to initiating XOSPATA treatment.
Contraception 
Females
Advise females of reproductive potential to use effective contraception during 
treatment and for at least 6 months after the last dose of XOSPATA.
Males
Advise males of reproductive potential to use effective contraception during 
treatment and for at least 4 months after the last dose of XOSPATA.
Pediatric Use
Safety and effectiveness in pediatric patients have not been established.
Geriatric Use 
Of the 319 patients in clinical studies of XOSPATA, 43% were age 65 years or 
older, and 13% were 75 years or older. No overall differences in effectiveness or 
safety were observed between patients age 65 years or older and younger patients.
NONCLINICAL TOXICOLOGY
Carcinogenesis, Mutagenesis, Impairment of Fertility
Carcinogenicity studies have not been performed with gilteritinib. Gilteritinib was 
not mutagenic in a bacterial mutagenesis (Ames) assay and was not clastogenic 
in a chromosome aberration test assay in Chinese hamster lung cells. Gilteritinib 
was positive for the induction of micronuclei in mouse bone marrow cells from  
65 mg/kg (195 mg/m2) the mid dose tested (approximately 2.6 times the 
recommended human dose of 120 mg). The effect of XOSPATA on human fertility 
is unknown. Administration of 10 mg/kg/day gilteritinib in the 4-week study in 
dogs (12 days of dosing) resulted in degeneration and necrosis of germ cells and 
spermatid giant cell formation in the testis as well as single cell necrosis of the 
epididymal duct epithelia of the epididymal head.
Animal Toxicology and/or Pharmacology
In the 13-week oral repeated dose toxicity studies in rats and dogs, target organs 
of toxicity included the eye and kidney.
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* Grouped terms: cardiac failure (cardiac failure, cardiac failure congestive, cardiomegaly, 
cardiomyopathy, chronic left ventricular failure, and ejection fraction decreased), 
hypersensitivity (anaphylactic reaction, angioedema, dermatitis allergic, drug 
hypersensitivity, erythema multiforme, hypersensitivity, and urticaria), pancreatitis (amylase 
increased, lipase increased, pancreatitis, pancreatitis acute), pericarditis/myocarditis 
(myocarditis, pericardial hemorrhage, pericardial rub, and pericarditis).

XOSPATA® (gilteritinib) tablets for oral use 
The following is a brief summary of full Prescribing Information. Please see the 
package insert for full prescribing information.

WARNING: DIFFERENTIATION SYNDROME
Patients treated with XOSPATA have experienced symptoms of 
differentiation syndrome, which can be fatal or life-threatening 
if not treated. Symptoms may include fever, dyspnea, hypoxia, 
pulmonary infiltrates, pleural or pericardial effusions, rapid weight 
gain or peripheral edema, hypotension, or renal dysfunction. 
If differentiation syndrome is suspected, initiate corticosteroid 
therapy and hemodynamic monitoring until symptom resolution.

INDICATIONS AND USAGE
XOSPATA is indicated for the treatment of adult patients who have relapsed or 
refractory acute myeloid leukemia (AML) with a FMS-like tyrosine kinase 3 (FLT3) 
mutation as detected by an FDA-approved test.
DOSAGE AND ADMINISTRATION
Patient Selection
Select patients for the treatment of AML with XOSPATA based on the presence 
of FLT3 mutations in the blood or bone marrow. Information on FDA-
approved tests for the detection of a FLT3 mutation in AML is available at  
http://www.fda.gov/CompanionDiagnostics.
Recommended Dosage
The recommended starting dose of XOSPATA is 120 mg orally once daily with or 
without food. Response may be delayed. In the absence of disease progression 
or unacceptable toxicity, treatment for a minimum of 6 months is recommended 
to allow time for a clinical response. Do not break or crush XOSPATA tablets. 
Administer XOSPATA tablets orally about the same time each day. If a dose of 
XOSPATA is missed or not taken at the usual time, administer the dose as soon as 
possible on the same day, and at least 12 hours prior to the next scheduled dose. 
Return to the normal schedule the following day. Do not administer 2 doses within 
12 hours.
Dose Modification
Assess blood counts and blood chemistries, including creatine phosphokinase, 
prior to the initiation of XOSPATA, at least once weekly for the first month, once 
every other week for the second month, and once monthly for the duration of 
therapy. Perform electrocardiogram (ECG) prior to initiation of treatment with 
gilteritinib, on days 8 and 15 of cycle 1, and prior to the start of the next two 
subsequent cycles. Interrupt dosing or reduce dose for toxicities.
CONTRAINDICATIONS
XOSPATA is contraindicated in patients with hypersensitivity to gilteritinib or any 
of the excipients. Anaphylactic reactions have been observed in clinical trials.
WARNINGS AND PRECAUTIONS
Differentiation Syndrome
Of 319 patients treated with XOSPATA in the clinical trials, 3% experienced 
differentiation syndrome. Differentiation syndrome is associated with rapid 
proliferation and differentiation of myeloid cells and may be life-threatening 
or fatal if not treated. Symptoms of differentiation syndrome in patients treated 
with XOSPATA included fever, dyspnea, pleural effusion, pericardial effusion, 
pulmonary edema, hypotension, rapid weight gain, peripheral edema, rash, 
and renal dysfunction. Some cases had concomitant acute febrile neutrophilic 
dermatosis. Differentiation syndrome occurred as early as 2 days and up to 75 
days after XOSPATA initiation and has been observed with or without concomitant 
leukocytosis. Of the 11 patients who experienced differentiation syndrome, 
9 (82%) recovered after treatment or after dose interruption of XOSPATA. If 
differentiation syndrome is suspected, initiate dexamethasone 10 mg IV every 
12 hours (or an equivalent dose of an alternative oral or IV corticosteroid) 
and hemodynamic monitoring until improvement. Taper corticosteroids after 
resolution of symptoms and administer corticosteroids for a minimum of 3 days. 
Symptoms of differentiation syndrome may recur with premature discontinuation 
of corticosteroid treatment. If severe signs and/or symptoms persist for more than 
48 hours after initiation of corticosteroids, interrupt XOSPATA until signs and 
symptoms are no longer severe.

Posterior Reversible Encephalopathy Syndrome (PRES)
Of 319 patients treated with XOSPATA in the clinical trials, 1% experienced posterior 
reversible encephalopathy syndrome (PRES) with symptoms including seizure and 
altered mental status. Symptoms have resolved after discontinuation of XOSPATA. 
A diagnosis of PRES requires confirmation by brain imaging, preferably magnetic 
resonance imaging (MRI). Discontinue XOSPATA in patients who develop PRES.
Prolonged QT Interval
XOSPATA has been associated with prolonged cardiac ventricular repolarization 
(QT interval). Of the 317 patients with a post-baseline QTc measurement on 
treatment with XOSPATA in the clinical trial, 1% were found to have a QTc interval 
greater than 500 msec and 7% of patients had an increase from baseline QTc 
greater than 60 msec. Perform electrocardiogram (ECG) prior to initiation of 
treatment with gilteritinib, on days 8 and 15 of cycle 1, and prior to the start of the 
next two subsequent cycles. Interrupt and reduce XOSPATA dosage in patients who 
have a QTcF >500 msec. Hypokalemia or hypomagnesemia may increase the QT 
prolongation risk. Correct hypokalemia or hypomagnesemia prior to and during 
XOSPATA administration.
Pancreatitis
Of 319 patients treated with XOSPATA in the clinical trials, 4% experienced 
pancreatitis. Evaluate patients who develop signs and symptoms of pancreatitis. 
Interrupt and reduce the dose of XOSPATA in patients who develop pancreatitis.
Embryo-Fetal Toxicity
Based on findings in animals and its mechanism of action, XOSPATA can cause 
embryo-fetal harm when administered to a pregnant woman. Advise females 
of reproductive potential to use effective contraception during treatment with 
XOSPATA and for at least 6 months after the last dose of XOSPATA. Advise males 
with female partners of reproductive potential to use effective contraception during 
treatment with XOSPATA and for at least 4 months after the last dose of XOSPATA. 
Pregnant women, patients becoming pregnant while receiving XOSPATA or male 
patients with pregnant female partners should be apprised of the potential risk to 
the fetus. 
ADVERSE REACTIONS
Clinical Trial Experience
Because clinical trials are conducted under widely varying conditions, adverse 
reaction rates observed in the clinical trials of a drug cannot be directly compared 
to rates in the clinical trials of another drug and may not reflect the rates observed 
in practice.
The safety profile of XOSPATA is based on 319 patients with relapsed or refractory 
AML treated with gilteritinib 120 mg daily in three clinical trials. The median 
duration of exposure to XOSPATA was 3.6 months (range 0.1 to 43.4 months). 
Fatal adverse reactions occurred in 2% of patients receiving XOSPATA. These 
included cardiac arrest (1%) and one case each of differentiation syndrome 
and pancreatitis. The most frequent (≥5%) nonhematological serious adverse 
reactions reported in patients were fever (13%), dyspnea (9%), renal impairment 
(8%), transaminase increased (6%) and noninfectious diarrhea (5%).
Of the 319 patients, 91 (29%) required a dose interruption due to an adverse 
reaction; the most common adverse reactions leading to dose interruption were 
aspartate aminotransferase increased (6%), alanine aminotransferase increased 
(6%) and fever (4%). Twenty patients (6%) required a dose reduction due to an 
adverse reaction. Twenty-two (7%) discontinued XOSPATA treatment permanently 
due to an adverse reaction. 
The most common (>1%) adverse reactions leading to discontinuation were 
aspartate aminotransferase increased (2%) and alanine aminotransferase 
increased (2%).
Overall, for the 319 patients, the most frequent (≥10%) all-grade nonhematological 
adverse reactions reported in patients were transaminase increased (51%), 
myalgia/arthralgia (50%), fatigue/malaise (44%), fever (41%), mucositis (41%), 
edema (40%), rash (36%), noninfectious diarrhea (35%), dyspnea (35%), nausea 
(30%), cough (28%), constipation (28%), eye disorders (25%), headache (24%), 
dizziness (22%), hypotension (22%), vomiting (21%), renal impairment (21%), 
abdominal pain (18%), neuropathy (18%), insomnia (15%) and dysgeusia (11%). 
The most frequent (≥5%) grade ≥3 nonhematological adverse reactions reported 
in patients were transaminase increased (21%), dyspnea (12%), hypotension 
(7%), mucositis (7%), myalgia/arthralgia (7%), and fatigue/malaise (6%). 
Shifts to grades 3-4 nonhematologic laboratory abnormalities included phosphate 
decreased (14%), alanine aminotransferase increased (13%), sodium decreased 
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Telehealth Is Poised for a Post–COVID-19 Future
by DEBORAH ABRAMS KAPLAN

PRIOR TO THE CORONAVIRUS disease 
2019 (COVID-19) pandemic, the use of tele-
health was limited by geographic and provider 
restrictions. During the pandemic, the expan-
sion of covered services for telehealth by the 
Centers for Medicare & Medicaid Services 
(CMS) and private insurers has provided a 
safer alternative for patients and physicians.

Now it appears that telehealth and virtual 
care are here to stay. In December 2020, 
CMS permanently expanded some telehealth 
services. More than 60 services that will 
continue to be covered post pandemic have 
been added to the Medicare telehealth list, 
although not all the services on the expanded 
list apply in the area of oncology1,2 (TABLE1). 
Importantly, however, CMS reimburses 
Medicare telehealth services at the same 
payment rate as those administered in person, 
according to a CMS spokesperson. 

Before the pandemic, approximately  
15,000 Medicare beneficiaries participated in 
telehealth visits each week. At that time, CMS 
generally limited telehealth usage to patients 
living in rural areas or in those designated as 
Health Professional Shortage Areas (HPSAs). 
In March 2020, shortly after the pandemic 
began, CMS broadened access to telehealth 
so that all beneficiaries could receive a wider 
range of services.3 Between mid-March and 

mid-October 2020, at least 24.5 million of 
63 million Medicare enrollees participated 
in telehealth.1 

Telehealth usage for patients covered by 
private payers skyrocketed as well. A FAIR 
Health analysis showed an almost  
3000% increase in telehealth claims from 
November 2019 to November 2020, up from 
0.20% of medical claims to 6.01%.4  
FAIR Health’s database includes more than 
32 billion privately billed medical 
and dental claim records from more 
than 60 contributors nationwide. 

So far, however, private insurers 
have not made public their plans post 
pandemic. During the height of the 
public health emergency in early  
2020, many private insurers 
expanded coverage for telehealth 
visits and waived patient coinsur-
ance and cost sharing for them. Now it seems 
that insurers are subjecting these visits 
once more to copayment and coinsurance 
requirements.5 

Aetna, for example, began charging 
co-pays again for in-network primary 
care telehealth visits and behavioral 
health visits starting February 1, 2021.6 
UnitedHealthcare and Anthem reinstated 
copays for some services on October 1, 

2020. Additionally, UnitedHealthcare covers 
COVID-19 testing-related telehealth visits, 
with no cost sharing through the end of the 
public health emergency, but not telehealth 
visits for COVID-19 treatment or non–
COVID-19 treatment.7 

Still, the shift to telehealth brought about 
because of COVID-19 is seen as a positive 
development, providing a convenient experi-
ence for both patients and providers.

“We are not going back to busi-
ness as normal. The COVID-19 
pandemic has changed things 
forever,” said Brian Koffman, MDCM, 
during a presentation at the 25th 
Annual International Congress 
on Hematologic Malignancies® in 
February 2021. “COVID-19 has 
served as a catalyst to a safer, more 
efficient, and more patient-centric 

experience through increased telehealth 
options,” said Koffman, who is the cofounder, 
executive vice president, and chief medical 
officer of the CLL Society.8

TELEHEALTH DURING THE PANDEMIC
Patients with cancer and their physicians 
have had positive experiences with tele-
health, according to a recent study of  
1 center’s experience.9 Of the 1762 patients ©
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with cancer at Houston Methodist Cancer 
Center, 1477 (83.8%) chose a telehealth over 
an in-person visit. Patients were more satis-
fied with telehealth visits than physicians: 
92.6% of patients surveyed said they were 
satisfied with video visits, and 54.8% said 
they were interested in having all or most of 
their visits be telehealth in the future. 

The telehealth visits took place early in the 
pandemic, in March and April 2020, after 
which investigators conducted follow-up 
surveys. Most patients (92.6%) who completed 
the survey were satisfied, and 83.4% of these 
were very satisfied. 

Among physicians, 65.2% were satisfied or 
very satisfied with the visits, and 43.5% said 
they were highly like to continue telehealth 
visits for established patients post pandemic. 
Another 30.5% said they were somewhat 
likely to use video visits for established 
patient visits. 

Prior to COVID-19, almost 100% of Houston 
Methodist Cancer Center’s 40,000 ambulatory 
visits were in person, said lead study author 
Jorge Darcourt, MD, the medical director of 
the Methodist Sugar Land Infusion Center in 
Sugar Land, Texas.

Within 2 weeks of initiating tele-
health efforts through its MyChart 
video platform, Houston Methodist 
started offering a telehealth alter-
native at its 7 Greater Houston area 
cancer centers. 

“Physicians were more comfortable 
doing follow-up visits with patients 
than first encounters,” Darcourt said 
in an interview. The physician satisfaction 
level was lower than that of patients, partly 
due to the lack of physical exams. 
Doctors were concerned about miss-
ing significant clinical findings, a 
decreased quality of care, and poten-
tial medical liability. 

Younger physicians were generally 
happier with telehealth than older 
physicians, Darcourt said. The physi-
cians missed the patient connection 
and interaction, as well as wanting 
breaks from the computer. 

“When you’re booked for telehealth 
visits for 4 hours or the whole day, you’re 
isolated,” he noted. 

Andrea B. McKee, MD, a partner at 
Radiation Oncology Associates and the 

chief of radiation oncology at Lahey 
Hospital & Medical Center Sophia 
Gordon Cancer Center in Burlington, 
Massachusetts, said there are visit 
types that are suitable for telehealth. 

Surveillance visits or a visit to 
review a CT scan may be appropri-
ate for telehealth. Talking with a 
patient about treatment options or 

having a postsurgical discussion are also 
good uses for telehealth, especially when the 

patient’s family wants to join in from 
other locations.

“Telehealth can also be really 
helpful for second opinion consults,” 
McKee said. Telehealth offers 
patients an opportunity to seek 
consultations in other cities and 
locations, especially when consid-
ering clinical trials for which they 
might be a candidate. 

Darcourt said that because of telehealth, 
he recently could offer a second opinion to a 
patient in Nigeria. “That’s a great advantage, 
and that won’t go away [after the pandemic],” 
he pointed out. 

But McKee’s staff also have experienced 

operational challenges. The nurses typically 
complete a full intake prior to her conversa-
tion with the patients. “Operationally, that 
can be a challenge,” she said. “The nurses 
spend more time trying to get a hold of 
patients on the phone to do an initial intake.” 

That means offloading other responsibili-
ties. Some patients need phone calls, as they 
don’t have computers or cell phones, or aren’t 
computer literate.

Pontchartrain Cancer 
Center in Covington, 
Louisiana, has also 
found success using 
telehealth visits for 
treatment education 
visits, prior to initiating 
any type of therapy. 

“We’re seeing higher 
patient satisfaction and 
a little bit ease of stress on the patient when 
we are able to dial in family members or the 
caregiver at their job for those kinds of visits,” 
said Kathy W. Oubre, MS, the chief executive 
officer at Pontchartrain Cancer Center and a 
member of the Community Oncology Alliance 
board of directors.

TABLE .  Telehealth Ser vices Reimbursed by Centers for  Medicare & Medicaid Ser vices 2

Services reimbursed post-COVID-19

Type of service Reimbursement codes

Office/outpatient visit, new patient 99202, 99203, 99204, 99205

Office/outpatient visit, established patient 99211, 99212, 99213, 99214, 99215

Health behavior assessment/reassessment 96156, 96164, 96159, 96160, 96161, 96164, 96165, 96167, 
96168, 96168

Transition care management 99495, 99496

Advanced care planning 99497, 99498

Complex evaluation and management visit G2211

Prolonged outpatient/office visit G2212

Services reimbursed through year in which public health emergency ends

Type of service Reimbursement codes

Observation care discharge 99217

Subsequent observation care 99224, 99225, 99226

Emergency department visit 99281, 99282, 99283, 99284, 99285

Services temporarily added for public health emergency

Type of service Reimbursement codes

Initial observation care 99218, 99219, 99220

Initial hospital care 99221, 99222, 99223

Health behavior intervention 96158, 96170, 96171

Phone evaluation and management 99441, 99442, 99443

Jorge Darcourt, MD

Andrea B.  
McKee, MD

Kathy W.  
Oubre, MS
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TELEHEALTH GOING FORWARD
According to Darcourt, at the peak of the pandemic up to 65% of visits 
were telehealth; now it’s at 20% for his system. That’s because the 
clinicians are more familiar with the virus and safety measures. They 
have not developed a specific telehealth policy for the future, but it will 
be physician- and patient-driven. Some patients ask the physicians if 
they can do a video call for their next appointment.

Telehealth will be especially helpful for patients who live farther 
away and those with transportation issues. Sometimes after a toxicity 
check from chemotherapy, Darcourt suggests alternating with a tele-
health visit if the patients are doing well.

When the pandemic ends, Houston Methodist will likely continue 
offering telehealth, although the conditions might change somewhat, 
Darcourt noted. Reimbursement models, the process of onboarding 
patients and physicians, and implementing technology and practice 
solutions will all affect its success. 

“We’ll keep offering telemedicine to our patients. It’s here to 
stay,” Darcourt said.

McKee’s facilities have also not yet developed a policy. “Right now, 
we’re still navigating the pandemic. Hopefully that will be our next 
phase, once we have the luxury to deal with that,” she said.

In the meantime, federal legislation is beginning to move forward in 
the area of telehealth. For example, in February 2021, several senators 
reintroduced legislation to increase access to telehealth to Medicare 
beneficiaries.10 Introduced by Tim Scott (R-SC), Brian Schatz (D-HI), 
and Jeanne Shaheen (D-NH), The Telehealth Modernization Act would 
make changes to ensure that coverage for telehealth would be perma-
nent after the public health emergency ends. 

The act would protect access to telehealth in rural areas and remove 
restrictions limiting telehealth to doctors’ offices. The legislation, 
if passed, would also give the US Secretary of Health and Human 
Services authority in the area of telehealth.

For commercial insurance and telehealth, state laws are trending 
toward equitable treatment of telehealth. This means providers would 
receive the same reimbursement for service whether delivered by tele-
health or in person, according to a recent report by the legal firm Foley 
& Lardner LLP.11

Currently, 43 states and the District of Columbia have some type of 
telehealth commercial insurance coverage law; 1 state, West Virginia, 
enacted such a law in 2020. But the laws vary in terms of coverage and 
reimbursement. 

At present, 22 states have laws addressing the reimbursement of 
telehealth services, an increase from 16 in 2019; 14 of those states 
offer “payment parity” for telehealth or office visits, an increase 
from 10 in 2019. 

In addition to these 14 states, Massachusetts has temporarily 
extended payment parity for primary care and chronic disease 
management services via telehealth over the next 2 years. The state 
has also expanded payment parity for other health care services, 
which the governor has temporarily mandated, for 90 days beyond the 
end of the COVID-19 state of emergency. ■

For a full list of references, see the article at  . 

Workforce Development 
for Value-Based Care Must 

Be Addressed
by STEPHANIE E. MERCADO; DAVID B. NASH, MD, MBA;  

ERIC WEAVER, DHA; AND MICHAEL O. LEAVITT

THE KEY ENABLER FOR the future of 

health care is workforce readiness to deliver 

on the promise of high-value, high-quality 

care, to provide equitable outcomes for all. 

Reforming our nation’s health care system 

is an economic and moral imperative that is long overdue. The coronavi-

rus disease 2019 (COVID-19) pandemic has only further illustrated the 

system’s deficiencies and highlighted how crucial it is to have one that is of 

high value, capable of responding to US citizens’ needs.

Although meaningful improvements in health care delivery have taken 

place over the last decade, they have not catalyzed the transformation 

necessary to advance health value and equity. The promulgation of health 

policy and the implementation of new alternative payment models have 

created a landscape for experimentation in value-based care. However, the 

seismic shift needed to facilitate long-term and sustainable improvements 

has yet to be seen. 

Value-based care and health equity will not happen by structure alone. 

Workforce reskilling and upskilling is necessary to ensure a high-value sys-

tem and will require scalable educational solutions. Health care transforma-

tion begins with the competency of the team, and workforce development 

should be a top priority in the value-based care movement. When we con-

sider days gone by in health care, we can readily observe that we have not 

always had the right people in the right roles. This misalignment places our 

system in jeopardy. For example, the continued high rate of medical errors 

can be attributed to an ongoing lack of training in quality and safety.

Workforce development will not only drive success in value-based 

care by ensuring industry capability, it will put America back to work by 

providing the necessary skills for those seeking new opportunities. As the 

COVID-19 pandemic has illustrated, wholesale transformation is difficult. It 

can only be advanced by imperative (as this pandemic necessitated) or by 

a commitment to lift the skills of the workforce quickly and at scale. Using 

an open-source skills strategy as the driver for education is a key way to 

achieve scale. The emphasis on workforce development in health care will 

improve the value of care through a mobilized workforce oriented toward 

patient outcomes and cost accountability.■

Stephanie E. Mercado is the CEO and executive director at the National 

Association for Healthcare Quality. David B. Nash, MD, MBA, is the founding 

dean emeritus and Dr. Raymond C. and Doris N. Grandon Professor of Health 

Policy at Jefferson College of Population Health in Philadelphia, Pennsylvania. 

Eric Weaver, DHA, is the executive director of the Accountable Care Learning 

Collaborative. Michael O. Leavitt is the former governor of Utah and former 

secretary of the US Department of Health and Human Services.

For more Medical Economics® news, visit 
https://bit.ly/2Oc98Vy



For women with HR+, HER2- MBC* who have
visceral disease† or primary ET resistance‡

Survival doesn’t 
have to be at
higher risk1§

Indication 
Verzenio® (abemaciclib) is indicated for the treatment of hormone receptor–positive (HR+), human epidermal growth factor receptor 
2–negative (HER2−) advanced or metastatic breast cancer (MBC)6:
 •  In combination with fulvestrant for women with disease progression following endocrine therapy

Important Safety Information
Diarrhea occurred in 81% of patients receiving Verzenio plus an aromatase inhibitor in MONARCH 3, 86% of patients receiving 
Verzenio plus fulvestrant in MONARCH 2 and 90% of patients receiving Verzenio alone in MONARCH 1. Grade 3 diarrhea occurred 
in 9% of patients receiving Verzenio plus an aromatase inhibitor in MONARCH 3, 13% of patients receiving Verzenio plus fulvestrant 
in MONARCH 2 and in 20% of patients receiving Verzenio alone in MONARCH 1. Episodes of diarrhea have been associated with 
dehydration and infection.
Diarrhea incidence was greatest during the fi rst month of Verzenio dosing. In MONARCH 3, the median time to onset of the fi rst 
diarrhea event was 8 days, and the median duration of diarrhea for Grades 2 and 3 were 11 and 8 days, respectively. In MONARCH 2, 
the median time to onset of the fi rst diarrhea event was 6 days, and the median duration of diarrhea for Grades 2 and 3 were 9 days 
and 6 days, respectively. In MONARCH 3, 19% of patients with diarrhea required a dose omission and 13% required a dose reduction. 
In MONARCH 2, 22% of patients with diarrhea required a dose omission and 22% required a dose reduction. The time to onset and 
resolution for diarrhea were similar across MONARCH 3, MONARCH 2, and MONARCH 1.
Instruct patients that at the fi rst sign of loose stools, they should start antidiarrheal therapy such 
as loperamide, increase oral fl uids, and notify their healthcare provider for further instructions 
and appropriate follow-up. For Grade 3 or 4 diarrhea, or diarrhea that requires hospitalization, 
discontinue Verzenio until toxicity resolves to ≤Grade 1, and then resume Verzenio at the next 
lower dose.
Please see Important Safety Information throughout and Brief Summary 
of full Prescribing Information for Verzenio on the following pages.

 Visceral disease† and primary ET resistance‡ are associated with higher risk.1-4
*With disease progression following ET. 
†  Visceral disease was defi ned as at least 1 lesion on an internal organ or in the third space and could have included lung, liver, pleural, or peritoneal metastatic involvement.5
‡ Primary resistance was defi ned as relapse within the fi rst 2 years of adjuvant ET or progressive disease within the fi rst 6 months of fi rst-line ET for MBC.6,7

§  Patients with higher-risk disease, defi ned as the presence of visceral disease or primary ET resistance, were included in the MONARCH 2 clinical trial.8
ET=endocrine therapy; HER2-=human epidermal growth factor receptor 2–negative; HR+=hormone receptor–positive; MBC=metastatic breast cancer.



In HR+, HER2- MBC*

Verzenio is the only CDK4 & 6 inhibitor to achieve signi� cant 
overall survival improvement in combination with fulvestrant 
regardless of menopausal status1,9

•  Results are based on a prespecifi ed interim 
analysis and are considered defi nitive1,10

•  The percentage of deaths at the time 
of analysis was 47.3% (n=211) and 57.0% 
(n=127) in the Verzenio plus fulvestrant and 
fulvestrant alone arms, respectively1,10

•  Primary endpoint of median PFS was met: 
16.4 months (95% CI: 14.4-19.3) median 
PFS with Verzenio plus fulvestrant vs 9.3 
months (95% CI: 7.4-12.7) with fulvestrant alone 
(HR=0.553; 95% CI: 0.449-0.681; P<0.0001)6

•  The percentage of PFS events at the time 
of analysis was 49.8% (n=222) and 70.4% 
(n=157) in the Verzenio plus fulvestrant and 
fulvestrant alone arms, respectively6

Study Design
MONARCH 2 was a phase III, randomized, double-blind, placebo-controlled trial that enrolled 669 patients with HR+, HER2- MBC who 
progressed on or after ET. Pre/perimenopausal women (17%) were rendered postmenopausal prior to the study. Patients had 
received no chemotherapy and no more than 1 prior ET in the metastatic setting. Patients were randomized 2:1 to Verzenio plus 
fulvestrant (n=446) or placebo plus fulvestrant (n=223). Verzenio and placebo were dosed PO BID on a continuous dosing schedule 
until disease progression or unacceptable toxicity. 500 mg fulvestrant was administered by IM injection on days 1, 15, and 29 of the 
fi rst month and once monthly thereafter. The primary endpoint was PFS. Key secondary endpoints were ORR, OS, and DoR.6,8

OS in ITT Population1,6
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Important Safety Information (cont'd)
Neutropenia occurred in 41% of patients receiving Verzenio plus an aromatase inhibitor in MONARCH 3, 46% of patients receiving 
Verzenio plus fulvestrant in MONARCH 2 and 37% of patients receiving Verzenio alone in MONARCH 1. A Grade ≥3 decrease in neutrophil 
count (based on laboratory fi ndings) occurred in 22% of patients receiving Verzenio plus an aromatase inhibitor in MONARCH 3, 32% of 
patients receiving Verzenio plus fulvestrant in MONARCH 2 and in 27% of patients receiving Verzenio alone in MONARCH 1. In MONARCH 
3, the median time to fi rst episode of Grade ≥3 neutropenia was 33 days, and in MONARCH 2 and MONARCH 1, was 29 days. In 
MONARCH 3, median duration of Grade ≥3 neutropenia was 11 days, and for MONARCH 2 and MONARCH 1 was 15 days. 
Monitor complete blood counts prior to the start of Verzenio therapy, every 2 weeks for the fi rst 2 months, monthly for the next 2 months, 
and as clinically indicated. Dose interruption, dose reduction, or delay in starting treatment cycles is recommended for patients who 
develop Grade 3 or 4 neutropenia. 
Febrile neutropenia has been reported in <1% of patients exposed to Verzenio in the MONARCH studies. Two deaths due to neutropenic 
sepsis were observed in MONARCH 2. Inform patients to promptly report any episodes of fever to their healthcare provider.
Severe, life-threatening, or fatal interstitial lung disease (ILD) and/or pneumonitis can occur in patients treated with Verzenio and other 
CDK4/6 inhibitors. Across clinical trials (MONARCH 1, MONARCH 2, MONARCH 3), 3.3% of Verzenio-treated patients had ILD/pneumonitis 
of any grade, 0.6% had Grade 3 or 4, and 0.4% had fatal outcomes. Additional cases of ILD/pneumonitis have been observed in the 
post-marketing setting, with fatalities reported.

 *With disease progression following ET. 
BID=twice daily; CDK4 & 6=cyclin-dependent kinases 4 and 6; DoR=duration of response; IM=intramuscular; ITT=intent-to-treat; mOS=median overall survival; 
ORR=objective response rate; PFS=progression-free survival; PO=orally.



In HR+, HER2- MBC*

*With disease progression following ET. 
†Visceral disease was defi ned as at least 1 lesion on an internal organ or in the third space and could have included lung, liver, pleural, or peritoneal metastatic involvement.5
‡Primary resistance was defi ned as relapse within the fi rst 2 years of adjuvant ET or progressive disease within the fi rst 6 months of fi rst-line ET for MBC.6,7

•   Preplanned subgroup analyses of PFS and OS were performed for stratifi cation factors of disease site (including visceral disease) and 
endocrine resistance (including primary ET resistance). Analyses were not adjusted for multiplicity, and the study was not powered to 
test the e� ect of Verzenio + fulvestrant among subgroups11

Important Safety Information (cont'd)
Monitor patients for pulmonary symptoms indicative of ILD/pneumonitis. Symptoms may include hypoxia, cough, dyspnea, or interstitial 
infi ltrates on radiologic exams. Infectious, neoplastic, and other causes for such symptoms should be excluded by means of appropriate 
investigations.
Dose interruption or dose reduction is recommended in patients who develop persistent or recurrent Grade 2 ILD/pneumonitis. 
Permanently discontinue Verzenio in all patients with grade 3 or 4 ILD/pneumonitis.
Grade ≥3 increases in alanine aminotransferase (ALT) (6% versus 2%) and aspartate aminotransferase (AST) (3% versus 1%) were reported 
in the Verzenio and placebo arms, respectively, in MONARCH 3. Grade ≥3 increases in ALT (4% versus 2%) and AST (2% versus 3%) were 
reported in the Verzenio and placebo arms, respectively, in MONARCH 2. 
In MONARCH 3, for patients receiving Verzenio plus an aromatase inhibitor with Grade ≥3 increases in ALT or AST, median time to onset 
was 61 and 71 days, respectively, and median time to resolution to Grade <3 was 14 and 15 days, respectively. In MONARCH 2, for patients 
receiving Verzenio plus fulvestrant with Grade ≥3 increases in ALT or AST, median time to onset was 57 and 
185 days, respectively, and median time to resolution to Grade <3 was 14 and 13 days, respectively. 
For assessment of potential hepatotoxicity, monitor liver function tests (LFTs) prior to the start of Verzenio 
therapy, every 2 weeks for the fi rst 2 months, monthly for the next 2 months, and as clinically indicated. Dose 
interruption, dose reduction, dose discontinuation, or delay in starting treatment cycles is recommended for 
patients who develop persistent or recurrent Grade 2, or Grade 3 or 4, hepatic transaminase elevation.

Please see Important Safety Information throughout and Brief Summary 
of full Prescribing Information for Verzenio on the following pages.

WOMEN WITH PRIMARY ET RESISTANCE‡ HAD 

38.7 months mOS with Verzenio plus fulvestrant (n=112)
 vs 31.5 months mOS with fulvestrant alone (n=60). 

HR=0.686 (95% CI: 0.451-1.043)

7.2months
longer mOS1

WOMEN WITH VISCERAL DISEASE† HAD

40.3 months mOS with Verzenio plus fulvestrant (n=245) 
vs 32.2 months mOS with fulvestrant alone (n=128).

HR=0.675 (95% CI: 0.511-0.891)

8.1months
longer mOS1

Even women with worse prognoses achieved survival outcomes 
consistent with the overall study population1



Learn more at VerzenioData.com

For women with HR+, HER2- MBC* 

How could Verzenio make a difference 
for your patients with higher-risk† disease?

PP-AL-US-2375 07/2020 © Lilly USA, LLC 2020. All rights reserved. Verzenio® is a registered
trademark owned or licensed by Eli Lilly and Company, its subsidiaries or affiliates. 

Important Safety Information (cont'd)
Venous thromboembolic events were reported in 5% of patients treated with Verzenio plus an aromatase inhibitor as compared to 0.6% 
of patients treated with an aromatase inhibitor plus placebo in MONARCH 3. Venous thromboembolic events were reported in 5% of patients 
treated with Verzenio plus fulvestrant in MONARCH 2 as compared to 0.9% of patients treated with fulvestrant plus placebo. 
Venous thromboembolic events included deep vein thrombosis, pulmonary embolism, pelvic venous thrombosis, cerebral venous sinus 
thrombosis, subclavian and axillary vein thrombosis, and inferior vena cava thrombosis. Across the clinical development program, deaths 
due to venous thromboembolism have been reported. Monitor patients for signs and symptoms of venous thrombosis and pulmonary 
embolism and treat as medically appropriate.
Verzenio can cause fetal harm when administered to a pregnant woman based on fi ndings from animal studies and the mechanism of action. 
In animal reproduction studies, administration of abemaciclib to pregnant rats during the period of organogenesis caused teratogenicity and 
decreased fetal weight at maternal exposures that were similar to the human clinical exposure based on area under the curve (AUC) at the 
maximum recommended human dose. Advise pregnant women of the potential risk to a fetus. Advise females of reproductive potential to 
use e� ective contraception during treatment with Verzenio and for at least 3 weeks after the last dose. There are no data on the presence of 
Verzenio in human milk or its e� ects on the breastfed child or on milk production. Advise lactating women not to breastfeed during Verzenio 
treatment and for at least 3 weeks after the last dose because of the potential for serious adverse reactions in breastfed infants. Based on 
fi ndings in animals, Verzenio may impair fertility in males of reproductive potential.
The most common adverse reactions (all grades, ≥10%) observed in MONARCH 2 for Verzenio plus fulvestrant and ≥2% higher than 
placebo plus fulvestrant vs placebo plus fulvestrant were diarrhea (86% vs 25%), neutropenia (46% vs 4%), fatigue (46% vs 32%), nausea 
(45% vs 23%), infections (43% vs 25%), abdominal pain (35% vs 16%), anemia (29% vs 4%), leukopenia (28% vs 2%), decreased appetite 
(27% vs 12%), vomiting (26% vs 10%), headache (20% vs 15%), dysgeusia (18% vs 3%), thrombocytopenia (16% vs 3%), alopecia (16% vs 2%), 
stomatitis (15% vs 10%), ALT increased (13% vs 5%), pruritus (13% vs 6%), cough (13% vs 11%), dizziness (12% vs 6%), AST increased (12% vs 7%), 
peripheral edema (12% vs 7%), creatinine increased (12% vs <1%), rash (11% vs 4%), pyrexia (11% vs 6%), and weight decreased (10% vs 2%).
The most frequently reported ≥5% Grade 3 or 4 adverse reactions that occurred in the Verzenio arm vs the placebo arm of MONARCH 2
were neutropenia (27% vs 2%), diarrhea (13% vs <1%), leukopenia (9% vs 0%), anemia (7% vs 1%), and infections (6% vs 3%). 
Lab abnormalities (all grades; Grade 3 or 4) for MONARCH 2 in ≥10% for Verzenio plus fulvestrant and ≥2% higher than placebo plus 
fulvestrant vs placebo plus fulvestrant were increased serum creatinine (98% vs 74%; 1% vs 0%), decreased white blood cells (90% vs 
33%; 23% vs 1%), decreased neutrophil count (87% vs 30%; 33% vs 4%), anemia (84% vs 33%; 3% vs <1%), decreased lymphocyte count 
(63% vs 32%; 12% vs 2%), decreased platelet count (53% vs 15%; 2% vs 0%), increased ALT (41% vs 32%; 5% vs 1%), and increased AST 
(37% vs 25%; 4% vs 4%).
Strong and moderate CYP3A inhibitors increased the exposure of abemaciclib plus its active metabolites to a clinically meaningful extent 
and may lead to increased toxicity. Avoid concomitant use of the strong CYP3A inhibitor ketoconazole. Ketoconazole is predicted to increase 
the AUC of abemaciclib by up to 16-fold. In patients with recommended starting doses of 200 mg twice daily or 150 mg twice daily, reduce 
the Verzenio dose to 100 mg twice daily with concomitant use of strong CYP3A inhibitors other than ketoconazole. In patients who have had 
a dose reduction to 100 mg twice daily due to adverse reactions, further reduce the Verzenio dose to 50 mg twice daily with concomitant use 
of strong CYP3A inhibitors. If a patient taking Verzenio discontinues a strong CYP3A inhibitor, increase the Verzenio dose (after 3 to 5 half-lives 
of the inhibitor) to the dose that was used before starting the inhibitor. With concomitant use of moderate CYP3A inhibitors, monitor for adverse 
reactions and consider reducing the Verzenio dose in 50 mg decrements. Patients should avoid grapefruit products. 
Avoid concomitant use of strong or moderate CYP3A inducers and consider alternative agents. Coadministration of strong or moderate 
CYP3A inducers decreased the plasma concentrations of abemaciclib plus its active metabolites and may lead to reduced activity. 
With severe hepatic impairment (Child-Pugh Class C), reduce the Verzenio dosing frequency to once daily. The pharmacokinetics of Verzenio in 
patients with severe renal impairment (CLcr <30 mL/min), end stage renal disease, or in patients on dialysis is unknown. No dosage adjustments are 
necessary in patients with mild or moderate hepatic (Child-Pugh A or B) and/or renal impairment (CLcr ≥30-89 mL/min). 
Please see Brief Summary of full Prescribing Information for Verzenio on the following pages.
AL HCP ISI_M2 23OCT2019

References: 1. Sledge GW Jr, Toi M, Neven P, et al. The e� ect of abemaciclib plus fulvestrant on overall survival in hormone receptor–positive, ERBB2-negative breast cancer that 
progressed on endocrine therapy—MONARCH 2: a randomized clinical trial [published online September 29, 2019]. JAMA Oncol. 2020;6(1):116-124. doi:10.1001/jamaoncol.2019.4782. 
2. Yamamura J, Kamigaki S, Fujita J, Osato H, Komoike Y. The di� erence in prognostic outcomes between de novo stage IV and recurrent metastatic patients with hormone receptor-
positive, HER2-negative breast cancer. In Vivo. 2018;32(2):353-358. 3. Gong Y, Liu Y-R, Ji P, Hu X, Shao ZM. Impact of molecular subtypes on metastatic breast cancer patients: a SEER 
population-based study. Sci Rep. 2017;7:45411. 4. Wang R, Zhu Y, Liu X, et al. The clinicopathological features and survival outcomes of patients with di� erent metastatic sites in stage 
IV breast cancer. BMC Cancer. 2019;19:1091. 5. Data on fi le. Lilly USA, LLC. ONC20171128a. 6. Verzenio [package insert]. Indianapolis, IN: Eli Lilly and Company; 2020. 7. Supplement 
to: Sledge GW Jr, Toi M, Neven P, et al. The e� ect of abemaciclib plus fulvestrant on overall survival in hormone receptor–positive, ERBB2-negative breast cancer that progressed on 
endocrine therapy—MONARCH 2: a randomized clinical trial [published online September 29, 2019]. JAMA Oncol. 2020;6(1):116-124. 
(Suppl 1 Protocol I3Y-MC-JPBL(e)):1-148. doi:10.1001/jamaoncol.2019.4782. 8. Sledge GW Jr, Toi M, Neven P, et al. MONARCH 2: 
abemaciclib in combination with fulvestrant in women with HR+/HER2− advanced breast cancer who had progressed while 
receiving endocrine therapy. J Clin Oncol. 2017;35(25):2875-2884. 9. Turner NC, Slamon DJ, Ro J, et al. Overall survival with 
palbociclib and fulvestrant in advanced breast cancer. N Engl J Med. 2018;379:1926-1936. 10. Data on fi le. Lilly USA, LLC. 
DOF-AL-US-0088. 11. Data on fi le. Lilly USA, LLC. ONC20180103a. 

*With disease progression following ET.
†Patients with higher-risk disease, defi ned as the presence of visceral disease or primary ET resistance, were included in the MONARCH 2 clinical trial.8
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VERZENIO® (abemaciclib) tablets, for oral use 
Initial U.S. Approval: 2017 
BRIEF SUMMARY: Consult the package insert for complete prescribing 
information.

INDICATIONS AND USAGE
VERZENIO® (abemaciclib) is indicated:
• in combination with fulvestrant for the treatment of women with hormone 

receptor (HR)-positive, human epidermal growth factor receptor 2 (HER2)-
negative advanced or metastatic breast cancer  
with disease progression following endocrine therapy.

CONTRAINDICATIONS:  
None

WARNINGS AND PRECAUTIONS
Diarrhea
Diarrhea occurred in 81% of patients receiving VERZENIO plus an aromatase 
inhibitor in MONARCH 3, 86% of patients receiving VERZENIO plus fulvestrant in 
MONARCH 2, and 90% of patients receiving VERZENIO alone in MONARCH 1. Grade 
3 diarrhea occurred in 9% of patients receiving VERZENIO plus an aromatase 
inhibitor in MONARCH 3, 13% of patients receiving VERZENIO plus fulvestrant in 
MONARCH 2, and in 20% of patients receiving VERZENIO alone in MONARCH 1. 
Episodes of diarrhea have been associated with dehydration and infection.

Diarrhea incidence was greatest during the first month of VERZENIO dosing. In 
MONARCH 3, the median time to onset of the first diarrhea event was 8 days, 
and the median duration of diarrhea for Grades 2 and 3 were 11 and 8 days, 
respectively. In MONARCH 2, the median time to onset of the first diarrhea event 
was 6 days, and the median duration of diarrhea for Grades 2 and 3 were 9 
days and 6 days, respectively. In MONARCH 3, 19% of patients with diarrhea 
required a dose omission and 13% required a dose reduction. In MONARCH 2, 
22% of patients with diarrhea required a dose omission and 22% required a 
dose reduction. The time to onset and resolution for diarrhea were similar across 
MONARCH 3, MONARCH 2, and MONARCH 1.

Instruct patients that at the first sign of loose stools, they should start antidiarrheal 
therapy such as loperamide, increase oral fluids, and notify their healthcare 
provider for further instructions and appropriate follow up. For Grade 3 or 4 
diarrhea, or diarrhea that requires hospitalization, discontinue VERZENIO until 
toxicity resolves to ≤Grade 1, and then resume VERZENIO at the next lower dose.

Neutropenia
Neutropenia occurred in 41% of patients receiving VERZENIO plus an aromatase 
inhibitor in MONARCH 3, 46% of patients receiving VERZENIO plus fulvestrant in 
MONARCH 2, and 37% of patients receiving VERZENIO alone in MONARCH 1. A 
Grade ≥3 decrease in neutrophil count (based on laboratory findings) occurred 
in 22% of patients receiving VERZENIO plus an aromatase inhibitor in MONARCH 
3, 32% of patients receiving VERZENIO plus fulvestrant in MONARCH 2, and in 
27% of patients receiving VERZENIO in MONARCH 1. In MONARCH 3, the median 
time to first episode of Grade ≥3 neutropenia was 33 days, and in MONARCH 
2 and MONARCH 1 was 29 days. In MONARCH 3, median duration of Grade ≥3 
neutropenia was 11 days, and for MONARCH 2 and MONARCH 1 was 15 days.

Monitor complete blood counts prior to the start of VERZENIO therapy, every 2 
weeks for the first 2 months, monthly for the next 2 months, and as clinically 
indicated. Dose interruption, dose reduction, or delay in starting treatment cycles is 
recommended for patients who develop Grade 3 or 4 neutropenia.

Febrile neutropenia has been reported in <1% of patients exposed to VERZENIO 
in the MONARCH studies. Two deaths due to neutropenic sepsis were observed 
in MONARCH 2. Inform patients to promptly report any episodes of fever to their 
healthcare provider.

Interstitial Lung Disease (ILD)/Pneumonitis
Severe, life-threatening, or fatal lung disease (ILD) and/or pneumonitis can occur 
in patients treated with VERZENIO and other CDK 4/6 inhibitors. Across clinical 
trials (MONARCH 1, MONARCH 2, and MONARCH 3), 3.3% of VERZENIO-treated 
patients had ILD/pneumonitis of any grade, 0.6% had Grade 3 or 4, and 0.4% had 
fatal outcomes. Additional cases of ILD/pneumonitis have been observed in the 
postmarketing setting, with fatalities reported. 

Monitor patients for pulmonary symptoms indicative of ILD/pneumonitis. 
Symptoms may include hypoxia, cough, dyspnea, or interstitial infiltrates on 
radiologic exams. Infectious, neoplastic, and other causes for such symptoms 
should be excluded by means of appropriate investigations. 

Dose interruption or dose reduction is recommended for patients who develop 
persistent or recurrent Grade 2 ILD/pneumonitis. Permanently discontinue 
VERZENIO in all patients with Grade 3 or 4 ILD or pneumonitis. 

Hepatotoxicity 
In MONARCH 3, Grade ≥3 increases in ALT (6% versus 2%) and AST (3% versus 
1%) were reported in the VERZENIO and placebo arms, respectively. In MONARCH 
2, Grade ≥3 increases in ALT (4% versus 2%) and AST (2% versus 3%) were 
reported in the VERZENIO and placebo arms, respectively.

In MONARCH 3, for patients receiving VERZENIO plus an aromatase inhibitor with 
Grade ≥3 ALT increased, median time to onset was 61 days, and median time 
to resolution to Grade <3 was 14 days. In MONARCH 2, for patients receiving 
VERZENIO plus fulvestrant with Grade ≥3 ALT increased, median time to onset was 
57 days, and median time to resolution to Grade <3 was 14 days. In MONARCH 
3, for patients receiving VERZENIO plus an aromatase inhibitor with Grade ≥3 AST 
increased, median time to onset was 71 days, and median time to resolution was 
15 days. In MONARCH 2, for patients receiving VERZENIO plus fulvestrant with 

Grade ≥3 AST increased, median time to onset was 185 days, and median time to 
resolution was 13 days.
Monitor liver function tests (LFTs) prior to the start of VERZENIO therapy, every 
2 weeks for the first 2 months, monthly for the next 2 months, and as clinically 
indicated. Dose interruption, dose reduction, dose discontinuation, or delay in 
starting treatment cycles is recommended for patients who develop persistent or 
recurrent Grade 2, or Grade 3 or 4, hepatic transaminase elevation.
Venous Thromboembolism
In MONARCH 3, venous thromboembolic events were reported in 5% of patients 
treated with VERZENIO plus an aromatase inhibitor as compared to 0.6% of 
patients treated with an aromatase inhibitor plus placebo. In MONARCH 2, venous 
thromboembolic events were reported in 5% of patients treated with VERZENIO 
plus fulvestrant as compared to 0.9% of patients treated with fulvestrant 
plus placebo. Venous thromboembolic events included deep vein thrombosis, 
pulmonary embolism, pelvic venous thrombosis, cerebral venous sinus thrombosis, 
subclavian and axillary vein thrombosis, and inferior vena cava thrombosis. Across 
the clinical development program, deaths due to venous thromboembolism have 
been reported. 
Monitor patients for signs and symptoms of venous thrombosis and pulmonary 
embolism and treat as medically appropriate.
Embryo-Fetal Toxicity
Based on findings from animal studies and the mechanism of action, VERZENIO 
can cause fetal harm when administered to a pregnant woman. In animal 
reproduction studies, administration of abemaciclib to pregnant rats during the 
period of organogenesis caused teratogenicity and decreased fetal weight at 
maternal exposures that were similar to the human clinical exposure based on 
area under the curve (AUC) at the maximum recommended human dose.

Advise pregnant women of the potential risk to a fetus. Advise females of 
reproductive potential to use effective contraception during treatment with 
VERZENIO and for at least 3 weeks after the last dose.

ADVERSE REACTIONS
Clinical Studies Experience
Because clinical trials are conducted under widely varying conditions, adverse 
reaction rates observed in the clinical trials of a drug cannot be directly compared 
to rates in the clinical trials of another drug and may not reflect the rates observed 
in practice.

MONARCH 2: VERZENIO in Combination with Fulvestrant
Women with HR-positive, HER2-negative advanced or metastatic breast cancer 
with disease progression on or after prior adjuvant or metastatic endocrine therapy

The safety of VERZENIO (150 mg twice daily) plus fulvestrant (500 mg) versus 
placebo plus fulvestrant was evaluated in MONARCH 2. The data described below 
reflect exposure to VERZENIO in 441 patients with HR-positive, HER2-negative 
advanced breast cancer who received at least one dose of VERZENIO plus 
fulvestrant in MONARCH 2.

Median duration of treatment was 12 months for patients receiving VERZENIO plus 
fulvestrant and 8 months for patients receiving placebo plus fulvestrant.

Dose reductions due to an adverse reaction occurred in 43% of patients receiving 
VERZENIO plus fulvestrant. Adverse reactions leading to dose reductions in ≥5% of 
patients were diarrhea and neutropenia. VERZENIO dose reductions due to diarrhea 
of any grade occurred in 19% of patients receiving VERZENIO plus fulvestrant 
compared to 0.4% of patients receiving placebo and fulvestrant. VERZENIO dose 
reductions due to neutropenia of any grade occurred in 10% of patients receiving 
VERZENIO plus fulvestrant compared to no patients receiving placebo plus 
fulvestrant.

Permanent study treatment discontinuation due to an adverse event was reported 
in 9% of patients receiving VERZENIO plus fulvestrant and in 3% of patients 
receiving placebo plus fulvestrant. Adverse reactions leading to permanent 
discontinuation for patients receiving VERZENIO plus fulvestrant were infection 
(2%), diarrhea (1%), hepatotoxicity (1%), fatigue (0.7%), nausea (0.2%), abdominal 
pain (0.2%), acute kidney injury (0.2%), and cerebral infarction (0.2%).

Deaths during treatment or during the 30-day follow up, regardless of causality, 
were reported in 18 cases (4%) of VERZENIO plus fulvestrant treated patients 
versus 10 cases (5%) of placebo plus fulvestrant treated patients. Causes of death 
for patients receiving VERZENIO plus fulvestrant included: 7 (2%) patient deaths 
due to underlying disease, 4 (0.9%) due to sepsis, 2 (0.5%) due to pneumonitis, 2 
(0.5%) due to hepatotoxicity, and one (0.2%) due to cerebral infarction.

The most common adverse reactions reported (≥20%) in the VERZENIO arm 
were diarrhea, fatigue, neutropenia, nausea, infections, abdominal pain, anemia, 
leukopenia, decreased appetite, vomiting, and headache (Table 3). The most 
frequently reported (≥5%) Grade 3 or 4 adverse reactions were neutropenia, 
diarrhea, leukopenia, anemia, and infections.
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Table 1: Adverse Reactions ≥10% in Patients Receiving VERZENIO Plus 
Fulvestrant and ≥2% Higher Than Placebo Plus Fulvestrant in MONARCH 2

 VERZENIO plus Fulvestrant 
N=441 

Placebo plus Fulvestrant 
N=223 

 
All 

Grades 
% 

Grade 3 
% 

Grade 4 
% 

All 
Grades 

% 

Grade 3 
% 

Grade 4 
% 

Gastrointestinal Disorders 
Diarrhea 86 13 0 25 <1 0 

Nausea 45 3 0 23 1 0 

Abdominal Paina 35 2 0 16 1 0 

Vomiting 26 <1 0 10 2 0 

Stomatitis 15 <1 0 10 0 0 

Infections and Infestations 
Infectionsb 43 5 <1 25 3 <1 

Blood and Lymphatic System Disorders 
Neutropeniac 46 24 3 4 1 <1 

Anemiad 29 7 <1 4 1 0 

Leukopeniae 28 9 <1 2 0 0 

Thrombocytopeniaf 16 2 1 3 0 <1 

General Disorders and Administration Site Conditions 
Fatigueg 46 3 0 32 <1 0 

Edema peripheral 12 0 0 7 0 0 

Pyrexia 11 <1 <1 6 <1 0 

Metabolism and Nutrition Disorders 
Decreased appetite 27 1 0 12 <1 0 

Respiratory, Thoracic and Mediastinal Disorders 
Cough 13 0 0 11 0 0 

Skin and Subcutaneous Tissue Disorders 
Alopecia 16 0 0 2 0 0 

Pruritus 13 0 0 6 0 0 

Rash 11 1 0 4 0 0 

Nervous System Disorders 
Headache 20 1 0 15 <1 0 

Dysgeusia 18 0 0 3 0 0 

Dizziness 12 1 0 6 0 0 

Investigations 
Alanine aminotransferase 
increased 

13 4 <1 5 2 0 

Aspartate aminotransferase 
increased 

12 2 0 7 3 0 

Creatinine increased 12 <1 0 <1 0 0 

Weight decreased 10 <1 0 2 <1 0 

a  Includes abdominal pain, abdominal pain upper, abdominal pain lower, abdominal 
discomfort, abdominal tenderness.

b  Includes upper respiratory tract infection, urinary tract infection, lung infection, 
pharyngitis, conjunctivitis, sinusitis, vaginal infection, sepsis.

c Includes neutropenia, neutrophil count decreased.
d  Includes anemia, hematocrit decreased, hemoglobin decreased, red blood cell 

count decreased.
e Includes leukopenia, white blood cell count decreased.
f Includes platelet count decreased, thrombocytopenia.
g Includes asthenia, fatigue.

Additional adverse reactions in MONARCH 2 include venous thromboembolic 
events (deep vein thrombosis, pulmonary embolism, cerebral venous sinus 
thrombosis, subclavian vein thrombosis, axillary vein thrombosis, and DVT inferior 
vena cava), which were reported in 5% of patients treated with VERZENIO plus 
fulvestrant as compared to 0.9% of patients treated with fulvestrant plus placebo.

Table 2: Laboratory Abnormalities ≥10% in Patients Receiving VERZENIO Plus 
Fulvestrant and ≥2% Higher Than Placebo Plus Fulvestrant in MONARCH 2

Creatinine Increased

Abemaciclib has been shown to increase serum creatinine due to inhibition of 
renal tubular secretion transporters, without affecting glomerular function. In 
clinical studies, increases in serum creatinine (mean increase, 0.2 mg/dL) occurred 
within the first 28-day cycle of VERZENIO dosing, remained elevated but stable 
through the treatment period, and were reversible upon treatment discontinuation. 
Alternative markers such as BUN, cystatin C, or calculated glomerular filtration rate 
(GFR), which are not based on creatinine, may be considered to determine whether 
renal function is impaired.

DRUG INTERACTIONS

Effect of Other Drugs on VERZENIO

CYP3A Inhibitors
Strong and moderate CYP3A inhibitors increased the exposure of abemaciclib plus 
its active metabolites to a clinically meaningful extent and may lead to increased 
toxicity.

Ketoconazole
Avoid concomitant use of ketoconazole. Ketoconazole is predicted to increase the 
AUC of abemaciclib by up to 16-fold.

Other Strong CYP3A Inhibitors
In patients with recommended starting doses of 200 mg twice daily or 150 mg 
twice daily, reduce the VERZENIO dose to 100 mg twice daily with concomitant 
use of strong CYP3A inhibitors other than ketoconazole. In patients who have had 
a dose reduction to 100 mg twice daily due to adverse reactions, further reduce 
the VERZENIO dose to 50 mg twice daily with concomitant use of strong CYP3A 
inhibitors. If a patient taking VERZENIO discontinues a strong CYP3A inhibitor, 
increase the VERZENIO dose (after 3-5 half-lives of the inhibitor) to the dose that 
was used before starting the inhibitor. Patients should avoid grapefruit products.

Moderate CYP3A Inhibitors
With concomitant use of moderate CYP3A inhibitors, monitor for 
adverse reactions and consider reducing the VERZENIO dose in 50 mg 
decrements, if necessary.

Strong and Moderate CYP3A Inducers
Coadministration of strong or moderate CYP3A inducers decreased the 
plasma concentrations of abemaciclib plus its active metabolites and may 
lead to reduced activity. Avoid concomitant use of strong or moderate 
CYP3A inducers and consider alternative agents.

USE IN SPECIFIC POPULATIONS

Pregnancy

Risk Summary
Based on findings in animals and its mechanism of action, VERZENIO can cause 
fetal harm when administered to a pregnant woman. There are no available human 
data informing the drug-associated risk. Advise pregnant women of the potential 
risk to a fetus. In animal reproduction studies, administration of abemaciclib during 
organogenesis was teratogenic and caused decreased fetal weight at maternal 
exposures that were similar to human clinical exposure based on AUC at the 
maximum recommended human dose (see Data). Advise pregnant women of the 
potential risk to a fetus.

The background risk of major birth defects and miscarriage for the indicated 
population is unknown. However, the background risk in the U.S. general 
population of major birth defects is 2 to 4% and of miscarriage is 15 to 20% of 
clinically recognized pregnancies.

Data

Animal Data
In an embryo-fetal development study, pregnant rats received oral doses of 
abemaciclib up to 15 mg/kg/day during the period of organogenesis. Doses 
≥4 mg/kg/day caused decreased fetal body weights and increased incidence of 
cardiovascular and skeletal malformations and variations. These findings included 
absent innominate artery and aortic arch, malpositioned subclavian artery, 
unossified sternebra, bipartite ossification of thoracic centrum, and rudimentary 
or nodulated ribs. At 4 mg/kg/day in rats, the maternal systemic exposures were 
approximately equal to the human exposure (AUC) at the recommended dose.

Lactation

Risk Summary
There are no data on the presence of abemaciclib in human milk, or its effects 
on the breastfed child or on milk production. Because of the potential for serious 
adverse reactions in breastfed infants from VERZENIO, advise lactating women not 
to breastfeed during VERZENIO treatment and for at least 3 weeks after the last 
dose.

Females and Males of Reproductive Potential

Pregnancy Testing
Based on animal studies, VERZENIO can cause fetal harm when administered to a 
pregnant woman. Pregnancy testing is recommended for females of reproductive 
potential prior to initiating treatment with VERZENIO.

Contraception
Females
VERZENIO can cause fetal harm when administered to a pregnant woman. Advise 
females of reproductive potential to use effective contraception during VERZENIO 
treatment and for at least 3 weeks after the last dose.

Infertility
Males
Based on findings in animals, VERZENIO may impair fertility in males of 
reproductive potential.
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Pediatric Use

The safety and effectiveness of VERZENIO have not been established in pediatric 
patients.

Geriatric Use

Of the 900 patients who received VERZENIO in MONARCH 1, MONARCH 2, and 
MONARCH 3, 38% were 65 years of age or older and 10% were 75 years of age 
or older. The most common adverse reactions (≥5%) Grade 3 or 4 in patients ≥65 
years of age across MONARCH 1, 2, and 3 were neutropenia, diarrhea, fatigue, 
nausea, dehydration, leukopenia, anemia, infections, and ALT increased. No overall 
differences in safety or effectiveness of VERZENIO were observed between these 
patients and younger patients.

Renal Impairment

No dosage adjustment is required for patients with mild or moderate renal 
impairment (CLcr ≥30-89 mL/min, estimated by Cockcroft-Gault [C-G]). The 
pharmacokinetics of abemaciclib in patients with severe renal impairment (CLcr 
<30 mL/min, C-G), end stage renal disease, or in patients on dialysis is unknown.

Hepatic Impairment

No dosage adjustments are necessary in patients with mild or moderate hepatic 
impairment (Child-Pugh A or B). Reduce the dosing frequency when administering 
VERZENIO to patients with severe hepatic impairment (Child-Pugh C).

OVERDOSAGE

There is no known antidote for VERZENIO. The treatment of overdose of VERZENIO 
should consist of general supportive measures.

Rx only.  

Additional information can be found at www.verzenio.com.
Eli Lilly and Company, Indianapolis, IN 46285, USA
Copyright ©2019, Eli Lilly and Company. All rights reserved.
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Overall Survival After Surgery  
for Spinal Metastases Has Improved  
Over the Past Two Decades
by ORI BARZILAI, MD; MARK H. BILSKY, MD; AND ILYA LAUFER, MD

POSTOPERATIVE SURVIVAL AFTER SURGERY for spinal 
metastases has improved over the past 20 years, partic-
ularly in patients with kidney, breast, lung, and colon 
tumors metastatic to the spine, according to a retro-
spective analysis of patients treated at Memorial Sloan 
Kettering Cancer Center (MSK). Our findings highlight 
the importance of expert oncologic care for patients with 
spinal metastatic tumors.

The study, published recently in Neurosurgery, was the 
first to examine longitudinal survival trends after surgery 
in patients with spinal metastatic disease. We evalu-
ated overall survival (OS) in 1515 patients with cancer 
who underwent surgery for metastatic epidural spinal 
cord compression or tumor-related mechanical instability 
between January 1998 and December 2017.1 

Postoperative median OS was 8.5 months (95% CI, 
7.6-9.4) for the entire cohort, which included patients with 
breast, prostate, renal cell, colon, lung, thyroid, and skin 
cancers. OS improved by 1% with each successive year 
of surgery (P = .12), amounting to a total of 20% over the 
study period.1 

No specific years were associated with a signifi-
cant improvement in survival for the whole cohort. 
However, a subanalysis revealed a substantial improve-
ment in survival after 2016 for patients with breast 
cancer and after 2011 for patients with renal cell carci-
noma. OS improved annually in patients with renal cell, 
lung, and colon cancers, but not in patients with thyroid, 
prostate, sarcoma, and skin cancers metastatic to the 
spine. Patients presenting with synchronous metastatic 
disease had a significantly higher median OS of 0.94 year 
compared with 0.63 year for patients with metachronous 
disease (P = .00001).1 

While researchers have made significant progress 
delineating patient-specific predictors of survival, includ-
ing targets for tyrosine kinase inhibitors, monoclonal 
antibodies, and hormonal therapy,2-4 patients with targeta-
ble tumor drivers represent only a part of the population 
that undergoes surgery for spinal metastases. Therefore, 
primary tumor site remains a significant predictor of 
survival, as confirmed by our present study.1 

At MSK, we are leaders in treating spinal metasta-
ses. Many centers worldwide have adopted our treatment 
models, which include minimally invasive spine surgery, 

advanced radiation techniques, and interventional 
procedures. Our multidisciplinary team developed the 
neurologic, oncologic, mechanical, and systemic (NOMS) 
Framework, an evidence-based approach to determining 
the optimal therapy for patients with spinal metastases, 
2 decades ago. It incorporates neurologic, oncologic, 
mechanical instability, and systemic disease consid-
erations, and has been adapted over time to integrate 
advances in radiation, surgery, and systemic therapies.5 

SURGICAL TREATMENT FOR SPINAL METASTASES
The spine is among the most common sites of metastatic 
disease. The treatment of metastatic spinal tumors 
serves an essential palliative function by improving or 
preserving the quality of life, neurologic function, and 
spinal stability.

In a randomized controlled trial, Patchell et al found 
that surgery followed by radiotherapy resulted in supe-
rior functional outcomes and pain control compared with 
radiotherapy alone in patients with symptomatic solid 
spinal metastases. Further, surgery resulted in a higher 
probability of ambulation restoration, longer duration of 
ambulation preservation, and a small survival advantage.6 

Surgery definitely improves the quality of life for 
patients with symptomatic spinal metastases,7,8 and 
research has demonstrated the correlation among baseline 
ECOG performance status, quality of life, neurologic, and 
functional status with survival.9 There is also emerging 
evidence for survival improvement with ablative therapy 
for oligometastatic disease.10 

Over the past 20 years, advances in early diagnosis 
and treatment have greatly increased OS for patients 
with cancer.11 For example, the 5-year relative survival 
improved from 35% in 1950 to 1954 to 70% in 2009 to 
2015.12 However, these statistics include patients with 
local, regional, and metastatic cancers, with minimal 
survival trend information available for patients with 
the last. It has been unclear whether improvements 
in survival have been conferred to patients requiring 
surgery for metastatic spinal disease because patients 
present at various treatment stages.13 

Treatment decisions for patients with spinal metastases 
require careful consideration of expected survival and 
quality of life. As more therapeutic agents and potential 
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salvage therapies become available for 
patients with metastatic cancer, it has been 
assumed that longer OS has translated into 
longer postoperative survival, placing greater 
emphasis on maintaining the quality of life 
and durable local tumor control.14-18

STUDY DESIGN
We analyzed survival outcomes for patients 
18 years and older who underwent surgical 
intervention for metastatic spinal disease at 
MSK between January 1998 and December 
2017. The NOMS decision framework guided 
the development of individualized treatment 
plans for the entire cohort.1 

Primary surgical indications included 
high-grade metastatic epidural spinal cord 
compression and/or mechanical instability. 
All patients requiring spinal cord decompres-
sion received hybrid therapy consisting of 
separation surgery and radiotherapy. Patients 
who required spinal stabilization had instru-
mentation placed with an open or minimally 
invasive posterior approach. The surgical 
technique was uniform and did not vary by 
tumor type over time. For patients who had 
multiple surgical interventions, the first 
surgery was the index surgery. All patients 
also underwent radiation therapy using 
conventional external beam or stereotactic 
body radiation therapy.1 

Synchronous disease was defined as 
surgery for spinal metastases within 
3 months of primary cancer diagnosis. 
Metachronous disease was defined as spinal 
metastases occurring 3 months or later after 
primary cancer diagnosis.1 

STUDY FINDINGS
The mean age at index surgery was 60 years 
(range, 18-92), with males representing 60% 
of the study population. There were 25 differ-
ent cancer types across the entire cohort, 
with metastatic lung, breast, prostate, renal, 
colon, skin, sarcoma, and thyroid cancers 
representing 75% of cases.1 

The majority of metastases were located 
in the thoracic spine (62%), followed by 
lumbar (25%), cervical (11%), and sacral levels 
(1.4%). Surgical volume increased over time, 
with 43% of surgeries occurring between 
2013 and 2017. 

Median OS for the entire cohort was  
8.5 months (95% CI, 7.6-9.4). We observed an 

improvement in OS of 1% with each succes-
sive year over the 20 years (P = .12). A 
recursive partitioning analysis (RPA) did not 
reveal a split year for improved survival. 

The 30-day mortality rate for the total 
cohort was 5.5%, and the 90-day mortality 
rate was 23.7%. There was no statistically 
significant change in the 30- or 90-day 
mortality rate over the study period (P = .81 
and P = .99, respectively).1 

Notably, we found significant differences 
in survival outcomes among primary tumor 
sites as follows (TABLE 11): 

Kidney Cancer
A total of 208 patients (14%) underwent 
surgery to treat kidney cancer metastatic to 
the spine. The median OS was 11.6 months 
(95% CI, 9.1-13.9). Postoperative survival 
rates improved 3% (95% CI, 1%-6%), with 
each successive year (P = .01). RPA showed 
that patients who had surgery after 2010 
had a 41% decreased risk of death compared 
with those who had surgery before 2011 
(95% CI, 20%-57%). Patients who underwent 
surgery before 2011 had a median OS of  
9.4 months (95% CI, 6.1-12.1), whereas those 
who had surgery after 2010 had a much 
higher OS of 16.3 months (95% CI, 10.7-25.9). 
Finally, 90-day mortality rates decreased 
from 17% to 8% after 2010 (P = .049). There 
was no statistically significant change in 
30-day mortality.1 

Breast Cancer
Median OS was 16.6 months (95% CI, 12.0-
24.5) for 149 patients (9.8%) who underwent 
surgery to treat breast cancer metastatic 
to the spine. We did not find a statistically 
significant annual trend toward improved OS. 
However, RPA revealed a statistically signif-
icant 69% (95% CI, 23%-87%) decrease in the 
risk of death among patients who had surgery 
after 2016, with a median OS of 14.0 months 
(95% CI, 9.3-20.4) among those who had 
surgery before 2015. There were no statis-
tically significant differences in 30-day or 
90-day mortality rate.1 

Lung Cancer
Median OS was 4.6 months (95% CI, 3.7-5.4) 
for 309 patients (20%) who had surgery to 
treat patients with lung cancer metastatic 
to the spine. There was a 2% (95% CI, 0%-5%) 

improvement in survival with each progres-
sive year of surgery (P = .03). RPA did not 
reveal a split in the year of surgery and its 
association with OS.1 

Colon Cancer
Median OS was 7 months (95% CI, 5.0-8.3) 
for 99 patients (7%) who underwent surgery 
to treat colon cancer metastatic to the spine. 
There was a 5% (95% CI, 2%-9%) improvement 
in OS with each progressive year of surgery 
(P = .005). As with lung cancer, RPA did not 
reveal a split in the year of surgery and its 
association with OS.1 

Thyroid, Prostate, Sarcoma, and Skin Cancer
We found no significant trends in OS for 
patients with thyroid, prostate, sarcoma, and 
skin cancer metastases.1 

TABLE 1. Overal l  Sur vival  Trends  
Af ter  Surger y for  Spinal  Tumors 1

Outcome

Entire cohort (N = 1515)

Median OS, months (95% CI) 8.5 (7.6-9.4)

Improvement in OSa 1% (P = .12)

Kidney cancer (n = 208)

Median OS, months (95% CI) 11.6 (9.1-13.9)

Improvement in OSa 3% (P = .01)

Breast cancer (n = 149)

Median OS, months (95% CI) 16.6 (12.0-24.5)

Improvement in OSa Not statistically  
significant 

Lung cancer (n = 309)

Median OS, months (95% CI) 4.6 (3.7-5.4)

Improvement in OSa 2% (P = .03)

Colon cancer (n = 99)

Median OS, months (95% CI) 7.0 (5.0-8.3)

Improvement in OSa 5% (P = .005)

OS, overall survival.

aPostoperative survival improvement with each successive year.
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Metachronous vs Synchronous  
Metastatic Disease
Patients with synchronous spinal metas-
tases requiring surgery had a statistically 
significantly longer median OS of  
11.3 months (95% CI, 9.4-13.4) compared 
with 7.6 months (95% CI, 6.7-8.6) for patients 
who underwent surgery for metachronous 
spinal metastases (P < .05; TABLE 2).1 

Patients with lung cancer undergoing 
surgery for synchronous metastatic disease 
had an OS of 5 months (95% CI, 3.7-6.7), 
significantly better than 4.1 months (95% CI, 
3.2-5.4) for their counterparts with metachro-
nous metastatic disease (P = .02). Patients 
with synchronous prostate cancer metasta-
ses had a much-improved OS of 20.3 months 
(95% CI, 5.4-28.0) compared with 7.4 months 
(95% CI, 5.6-9.8) for those with metachronous 
disease (P = .03).1 

Interestingly, patients with metachronous 
skin cancer spinal metastases experienced a 
longer OS of 5.2 months (95% CI, 3.4-7.3) vs 2.8 
months (95% CI, 1.7-4.1) for those with synchro-
nous metastases (P = .04), supporting potential 
consideration of additional lines of systemic 
therapy in select patients. RPA analysis failed 
to identify a split in the year of surgery and 
its association with OS for patients with 

either synchronous or metachronous metasta-
ses. However, there was a 1% improvement in 
survival with each progressive year of surgery 
for patients who had surgery for metachronous 
metastases (P = .06).1 

IMPROVING OUTCOMES FOR  
PATIENTS WITH SPINAL METASTASES
Over the past 2 decades, new hormone and 
chemotherapy agents, targeted therapy, 
and immunotherapy have led to improved 
survival rates for patients with cancer in 
general.19,20 Advances in radiotherapy tech-
niques have allowed targeted, high-dose 
radiation and the delivery of ablative radi-
ation while sparing healthy tissues.21 
Surgical technology and techniques have 
also improved, resulting in better intraop-
erative visualization and navigation, tumor 
resection methods, functional restoration, 
and minimally invasive approaches. Together, 
these advances have led to improved survival 
through decreased risk of local recurrence of 
primary tumors and improved systemic and 
local control of metastatic disease.

In our present study, the improvements 
we observed in postoperative survival for 
patients with kidney, lung, and colon cancers 
metastatic to the spine showed changes 

similar to the survival improvements in the 
general population with these cancers.1 

At MSK, dedicated specialists in 
our Multidisciplinary Spine Tumor 
Serviceevaluate and treat more than 
1500 spine tumors a year. We create an indi-
vidualized treatment plan for each patient to 
improve neurologic function and mobility, 
stabilize the spine, control tumor growth, and 
improve quality of life.

Each spine surgeon operates on more than 
150 spine and spinal cord tumors annually, 
but most patients are treated effectively with 
noninvasive, stereotactic radiation therapy, or 
proton beam therapy. Radiation is sometimes 
combined with percutaneous kyphoplasty to 
provide support and relieve pain. Combining 
separation surgery with radiosurgery has 
revolutionized our ability to provide effec-
tive tumor control, reduce complications, 
shorten hospital stays, and return patients to 
systemic therapy quickly.

We are currently conducting 4 clinical trials 
for patients with spinal metastases as follows:

• a study of preventive radiation therapy 
for patients with high-risk bone metas-
tases that are not causing significant 
pain (NCT03523351);

• a phase 2 study of proton radiation ther-
apy vs partial photon radiation therapy 
to treat leptomeningeal metastases in the 
brain and spine (NCT04343573);

• a phase 2/3 study of 131I-omburtamab 
radioimmunotherapy in children with 
neuroblastoma that has spread to the 
brain or spinal cord or the lining around 
the brain (NCT03275402); and

• a phase 1/2 study of nivolumab and 
stereotactic radiosurgery for recurrent 
chordoma (NCT02989636). ■

The study was funded in part through the 
National Institutes of Health/National Cancer 
Institute Support Grant P30 CA008748. The 
authors have no personal, financial, or 
institutional interest in any of the drugs, 
materials, or devices described in the study. 
Laufer discloses consulting for Depuy/Synthes, 
Medtronic, Spinewave, Brainlab, and Globus. 
Bilsky discloses royalties for Depuy/Synthes 
and Globus.

For a full list of references,  
see the article at  . 

TABLE 2.  Overal l  Sur vival  Trends for  Synchronous and Metachronous Metastat ic  Disease 1

Outcome Synchronous disease Metachronous disease

Entire population

Median OS, months (95% CI) 11.3 (9.4-13.4) 
(P < .05) 7.6 (6.7-8.6)

Lung cancer

Median OS, months (95% CI) 5.0 (3.7-6.7) 
(P = .02) 4.1 (3.2-5.4)

Prostate cancer

Median OS, months (95% CI) 20.3 (5.4-28.0) 
(P = .03) 7.4 (5.6-9.8)

Skin cancer

Median OS, months (95% CI) 2.8 (1.7-4.1) 5.2 (3.4-7.3) 
(P = .04)

OS, overall survival.
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Future Is Wide Open for HER2+ Breast Cancer
by BRITTANY LOVELY

AS LONGER-TERM FOLLOW-UP DATA 
become available for several agents approved 
for HER2-positive metastatic breast cancer, 
investigators are looking closely at the char-
acteristics of patients enrolled in those 
clinical trials to determine appropriate treat-
ment strategies in the third-line setting 
and beyond. The treatment landscape most 
recently expanded in the past 2 years to 
include fam-trastuzumab deruxtecan-nxki 
(Enhertu), margetuximab-cmkb (Margenza), 
tucatinib (Tukysa), and a new indication for 
neratinib (Nerlynx).

“With any drug that’s new and particu-
larly when it’s approved in the metastatic 
later lines, the goal is to move it up,” said 
moderator William J. Gradishar, MD, during 
a recent OncLive® Breast Cancer Talk. “From 
a business standpoint, you want to get 
into the pool where the greatest number of 
patients are.” Without data from head-to-
head trials, baseline characteristics such as 
mean number of prior therapies as well as 

central nervous system (CNS) metastases 
are proving to be guideposts for sequencing 
therapies following treatment with ado- 
trastuzumab emtansine (Kadcyla; T-DM1) in 
the second line.

Gradishar was joined by Priyanka Sharma, 
MD, and Pavani Chalasani, MD, MPH, to 
discuss recent data from several trials of 
anti-HER2 treatment options and how they 
approach sequencing the agents in the clinic 
based on the results of 3 pivotal trials:

• DESTINY-Breast01 (NCT03248492), which 
is assessing trastuzumab deruxtecan in 
patients with unresectable or metastatic 
HER2-positive breast cancer who have 
received 2 or more prior anti-HER2–based 
regimens in the metastatic setting,1,2

• HER2CLIMB (NCT02614794), which 
is evaluating tucatinib in combina-
tion with trastuzumab (Herceptin) and 
capecitabinefor patients with advanced 
unresectable or metastatic HER2-positive 
breast cancer who have received 1 or more 

prior anti-HER2–based regimens in the 
metastatic setting3 and,

• NALA (NCT01808573), which is assess-
ing neratinib plus capecitabine in patients 
with metastatic HER2-positive breast 
cancer who received 2 or more prior 
anti-HER2–based regimens in the meta-
static setting.4

GRADISHAR
The year 2020 really 
demonstrated that we’ve 

continued to make progress in the HER2-positive 
space. A variety of drugs have been evaluated 
with several receiving approval. We’ve heard a 
sequence of updates from the 2020 American 
Society of Clinical Oncology [ASCO] Virtual 
Scientific Program, the European Society for 
Medical Oncology Congress [ESMO] Virtual 
Congress, and now the virtual San Antonio 
Breast Cancer Symposium that looked at these 
different agents in different settings.

The agents that [received] the most atten-
tion by far are trastuzumab deruxtecan, 
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tucatinib, and then, of course, neratinib, 
which had been around for a while [and was], 
somewhat surprisingly, first approved in the 
adjuvant setting and only recently approved 
in the metastatic disease setting. To start us 
out, Dr Sharma, if you would be willing to 
give us an overview of the DESTINY-Breast01 
trial with trastuzumab deruxtecan.

SHARMA
Sure. We’re all familiar with 
DESTINY-Breast01. It’s a 

phase 2 single-arm study but the data were so 
convincing and effective, [that they] led to 
approval of trastuzumab deruxtecan [in 
December 2019]. Patients with pretreated 
HER2-positive metastatic breast cancer 
received trastuzumab deruxtecan at various 
dose levels. The dose level that’s currently 
approved [5.4 mg/kg intravenously every 3 
weeks] is the cohort [from which] investiga-
tors are presenting follow-up data.  

This is an additional follow-up from what 
we saw published in New England Journal of 
Medicine in February 2020. What we see is the 
durability of responses holding with additional 
follow-up. The median duration of response 
was 20 months, which is quite robust. We 
haven’t seen this kind of durability [with] 
other studies before. At 18 months, more than 
70% of patients were still alive; that’s an indi-
cation for overall survival [TABLE 11].  

This is a heavily pretreated patient population, 
and in spite of prior treatment—including most 
patients who had received an antibody-drug 
conjugate, mainly T-DM1—we are seeing special 
robustness of response. It’s good to see that and 
it was reassuring to see this follow-up.  

Another aspect that the investigators elab-
orated on was interstitial lung disease [ILD], 
which we all are concerned about as we 
prescribe this drug to our patients because of 
the incidence and the mortality, [the] small 
proportion of patients who have died from 
this adverse effect.  

The investigators showed that after a year 
of therapy, the incidence of ILD went down—
there was only 1 patient who developed ILD 
after 1 year of therapy. That’s also an import-
ant piece of information because as we start 
prescribing this agent to our patients, many 
have stayed on [it] for a while and we can stop 
worrying about ILD too much after a year.  

Of course, we still need to be paying 
attention [for incidence of] it, as we do our 
scans and warn our patients of signs and 

symptoms. I was impressed to see this 
follow-up from DESTINY-01 and obviously 
we’re all awaiting the results of the random-
ized trials, comparing this agent with others.

GRADISHAR Tucatinib has gotten all the 
press about the CNS 

benefit and we’ll come to that in a moment. But 
with respect to trastuzumab deruxtecan, 

TABLE 1.  Updated Ef f icacy Data DESTINY-Breast01 1

Outcome Trastuzumab deruxtecan (n = 184)

Median duration of follow-up 20.5 months

ORR 61.4%

CR 6.5%

PR 54.9%

SD 35.9%

Median DOR, months (95% CI) 20.8 (15.0-NE)

Median PFS, months (95% CI) 19.4 (14.1-NE)

Median OS, months (95% CI) 24.6 (23.1-NE)

Estimated 12-month OS (95% CI) 85% (79%-90%)

Estimated 18-month OS (95% CI) 74% (67-80)

CR, complete response; DOR, duration of response; NE, not estimable; ORR, overall response rate; OS, overall survival;  
PFS, progression-free survival; PR, partial response; SD, stable disease.

TABLE 2.  Updated Data for  Pat ients With CNS Metastases 2-4

DESTINY Breast-01

Outcome Trastuzumab deruxtecan (n = 24)

Confirmed ORR (95% CI) 58.3% (36.6%-77.9%)

Median PFS, months (95% CI) 18.1 (6.7-18.1)

DCR 91.7%

Median DOR, months (95% CI) 16.9 (5.7-16.9)

HER2CLIMB

Outcome Tucatinib + trastuzumab/capecitabine 
(n = 198)

Placebo + trastuzumab/
capecitabine (n = 93)

Median PFS, months (95% CI) 7.6 (6.1-9.5) 5.4 (4.1-5.7)

1-year PFS
25% 0%

HR, 0.48; 95% CI, 0.34-0.69; P < .00001

Median CNS-PFS benefit, months (95% CI) 9.9 (8.0-13.9) 4.2 (3.6-5.7)

1-year CNS-PFS benefit
40.2% 0%

HR, 0.32; 95% CI, 0.22-0.48; P < .00001

Median OS, months (95% CI) 18.1 (15.5-NE) 12.0 (11.2-15.2)

1-year OS
70.1% 46.7%

HR, 0.58; 95% CI, 0.40-0.85; P = .005

NALA

Outcome Neratinib + capecitabine (n = 51) Lapatinib + capecitabine 
(n = 50)

Median PFS, months (95% CI)
7.8 (5.1-10.1) 5.5 (3.8-7.2)

HR, 0.66; 95% CI, 0.41-1.05; P = .074

Median OS, months (95% CI)
16.4 (13.4-19.5) 15.1 (12.1-18.8)

HR, 0.90; 95% CI, 0.59-1.38; P = .6352

Median CNS-PFS benefit, months (95% CI)
12.4 (5.6-17.9) 8.3 (4.3-NE)

HR, 0.62; 95% CI, 0.32-1.18; P = .143

CNS, central nervous system; DCR, disease control rate; DOR, duration of response; ORR, objective response rate; OS, overall survival;  
PFS, progression-free survival.
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there’s a little bit of a data set, 24 patients or 
[so] who had brain metastases at the time they 
were in the trial. Can you comment on that?

SHARMA
That was a subset analysis 
that was presented at ESMO 

this year for a small number of patients. The 
investigators reported that the median 
progression-free survival was approximately 
18 months in that small subset, which is not 
too far off from the median progression-free 
survival in the overall study population. In 
that report, 1 patient with CNS disease 
responded with the drug.  

Of course, it’s a much smaller data set of 
patients with CNS metastases as compared 
with what we saw in HER2CLIMB. But it’s 
reassuring to see that, and I’m sure in the 
forthcoming trials, the subgroup [will] 
be larger, and we will see more data on 
it [TABLE 22-4].

GRADISHAR
Great, so with that said, 
let’s move on to the 

HER2CLIMB trial. Dr Chalasani, can you give 
us an overview of that trial as well as the 
brain metastases data?

CHALASANI
Yes, the HER2CLIMB 
study, as we all know, was 

published in the New England Journal of 
Medicine, and was presented at San Antonio 
in 2019, [which were] the data that actually 
got the drug approved. It is a large, random-
ized phase 3 trial looking at tucatinib in 
combination with capecitabine and trastu-
zumab versus capecitabine and trastuzumab 
alone. The data showed meaningful and 
statistically significant improvements in 
both overall survival and progression-free 
survival in patients.  

Nancy U. Lin, MD, presented an update 
on the data for patients with brain metasta-
ses at ASCO. Approximately 48% of patients 
enrolled on the study had brain metastases. 
The data Lin presented at that time showed 
patients in the tucatinib arm had a 68% 
reduction in CNS [progression] compared 
with the arm [without tucatinib], supporting 
the efficacy of this drug in patients who also 
have CNS metastases [TABLE 22-4].

The presentation concluded that even 
for patients with previously treated HER2-
positive metastatic breast cancer with 
brain metastases, tucatinib with a combi-
nation of trastuzumab and capecitabine 
doubled overall response rate intracranially 

and reduced the risk of progression in 
brain metastases. Further, overall survival 
was improved. These data have definitely 
changed the standard of care for patients 
who have HER2-positive disease with 
brain metastases.

GRADISHAR
In a typical sequence, 
based on what we know 

today, a CLEOPATRA–like regimen [docetaxel 
and trastuzumab plus pertuzumab (Perjeta)] 
for most patients starts us off, followed by 
T-DM1. And then, we now have these addi-
tional drugs. How would you think about 
sequencing or [for which] patients would you 
utilize one vs the other after T-DM1?

SHARMA
If a patient has a history of 
brain metastasis, I have a 

discussion with them. The tucatinib combina-
tion does require several oral drugs, so the 
[adherence] for all of those has to be consid-
ered. The mean lines of prior therapy for 
trastuzumab deruxtecan was 6, so I feel I can 
situate it later and still get the benefit 
because most patients in that study had had 
several lines of treatment. Whereas for 
HER2CLIMB, the median was approximately 
2 or 3. I [approach] the third-line setting to 
stay within the parameters of the patient 
population presented in the trial.

CHALASANI
I take a similar approach. 
If the patient has  

brain metastases, then I lean toward  
tucatinib early. The HER2CLIMB regimen 
with tucatinib does not get patients off 
intravenous treatment.

The quality-of-life data for the patients 
with brain metastases from HER2CLIMB 
presented at San Antonio this year actually 
showed that the combination arm with the 
tucatinib did not have any worsened quality 
of life and [that] patients did pretty [well].

GRADISHAR
Great, of course, there are 
other drugs in develop-

ment, so this space continues to expand. Let’s 
talk about the NALA trial, examining the 
agent neratinib, which is approved for 
metastatic disease.

CHALASANI
[Investigators presented] 
an update at San Antonio 

of neratinib in combination with capecit-
abine in HER2-positive metastatic patients 
with CNS disease at baseline [TABLE 22-4]. 
The NALA study was a phase 3 study with a 
combination of neratinib and capecitabine vs 

lapatinib [Tykerb] and capecitabine. Data 
showed improvement in progres-
sion-free survival.  

The updated data included CNS outcomes 
and [data showing that] the combination 
of neratinib and capecitabine was superior 
to lapatinib and capecitabine in progres-
sion-free survival. One interesting thing was 
the trial had patients with stable leptome-
ningeal disease. Two of the patients with 
leptomeningeal disease received the combi-
nation of neratinib and capecitabine and 
they were on the drugs for approximately 6 
months and close to 10 months, respectively. 

The overall survival for those 2 patients 
was close to 1.5 years, which is impres-
sive knowing that those patients have a 
significantly worse prognosis because of 
leptomeningeal disease.

GRADISHAR
[There are additional 
trials we don’t have any 

data from yet including] trastuzumab 
deruxtecan going head-to-head with T-DM1, 
and we have trials that are looking at the 
addition of tucatinib plus T-DM1 
vs T-DM1 alone. 

Nevertheless, it will be interesting to see 
if the results change the sequence earlier 
on. [Also interesting are] the data for tras-
tuzumab deruxtecan for the treatment of 
patients with low HER2 expression. In a 
sense, that potentially opens up another silo 
of patients with breast cancer and how we 
think about them. These are patients with  
1+ or very low levels of HER2 expression.  

We typically don’t think of utilizing HER2-
targeted therapy and instead lean toward 
chemotherapy if the patient is not ER [estro-
gen receptor]-positive. But there were data 
that were published showing that there 
is activity with trastuzumab deruxtecan 
in low-expressing HER2-positive tumors. 
We now have a formal trial looking at that, 
DESTINY-Breast04 [NCT03734029]. No data 
[are available] from that yet but that trial will 
compare physician’s choice chemotherapy vs 
trastuzumab deruxtecan.  

If we find that is a positive trial, it may 
indeed offer us yet another option for these 
patients where we wouldn’t have thought of 
any sort of HER2-directed therapy. ■

For a full list of references,  
see the article at  . 



TAZVERIK, the first and only 
FDA-approved EZH2 inhibitor

for relapsed or refractory (R/R)
follicular lymphoma (FL)1

TAZVERIK® (tazemetostat) is indicated for the treatment of:

•  Adult patients with relapsed or refractory follicular lymphoma 
whose tumors are positive for an EZH2 mutation as detected 
by an FDA-approved test and who have received at least 
2 prior systemic therapies.

•  Adult patients with relapsed or refractory follicular lymphoma 
who have no satisfactory alternative treatment options.

These indications are approved under accelerated approval based 
on overall response rate and duration of response. Continued 
approval for these indications may be contingent upon verifi cation 
and description of clinical benefi t in a confi rmatory trial(s).

UNSILENCE
AN EXPRESSIVE 
INSTRUMENT

Effi cacy results*:

•  FL patients (N=95) responded to single-agent 
TAZVERIK in both cohorts1,2

(range: 0.0+ to 22.1+)
in patients with MT EZH2

(n=29/42; 95% CI: 7.2–NE)

(range: 1.0 to 22.5+)
in patients with WT EZH2

(n=18/53; 95% CI: 5.6–NE)in patients
with mutant-type (MT) EZH2

(n=29/42; 95% CI: 53%–82%)

in patients
with wild-type (WT) EZH2

(n=18/53; 95% CI: 22%–48%)

 *TAZVERIK was studied in an open-label, single-arm, multicenter, phase 2 trial with 6 cohorts of patients, including 2 cohorts with
histologically-confi rmed R/R FL. Patients received 800 mg of TAZVERIK orally twice daily until confi rmed disease progression or
unacceptable toxicity. The major effi cacy outcome measures were ORR and DOR according to the IWG-NHL criteria as assessed
by independent review committee.1,2

The data for the MT EZH2 cohort were not yet mature
at the time of assessment.

69%

ORR
34%

ORR

•  Sustained response demonstrated in patients
with both MT and WT EZH2 1,2

Important Safety Information
Warnings and Precautions

• Secondary Malignancies
The risk of developing secondary malignancies is increased following treatment with TAZVERIK. Across clinical trials
of 729 adults who received TAZVERIK 800 mg twice daily, myelodysplastic syndrome (MDS) or acute myeloid leukemia 
(AML) occurred in 0.7% of patients. One pediatric patient developed T-cell lymphoblastic lymphoma (T-LBL). Monitor 
patients long-term for the development of secondary malignancies.

• Embryo-Fetal Toxicity
Based on fi ndings from animal studies and its mechanism of action, TAZVERIK can cause fetal harm when administered 
to pregnant women. There are no available data on TAZVERIK use in pregnant women to inform the drug-associated risk.

Important Safety Information continued on back page of this insert.
Please see Brief Summary of the Prescribing Information on the adjacent pages.

13.0
months
median DOR

10.9
months
median DOR

12% CR
(n=5/42)

57% PR
(n=24/42)

30% PR
(n=16/53)

4% CR
(n=2/53)



TAZVERIK (tazemetostat) tablets 200mg BRIEF SUMMARY OF PRESCRIBING 
INFORMATION
CONSULT THE PACKAGE INSERT FOR COMPLETE PRESCRIBING INFORMATION.
INDICATIONS AND USAGE
• TAZVERIK® (tazemetostat) is indicated for the treatment of adult patients with 
relapsed or refractory follicular lymphoma whose tumors are positive for an EZH2 
mutation as detected by an FDA-approved test and who have received at least 2 prior 
systemic therapies.
• TAZVERIK is indicated for the treatment of adult patients with relapsed or refractory 
follicular lymphoma who have no satisfactory alternative treatment options.
These indications are approved under accelerated approval based on overall response 
rate and duration of response [see Clinical Studies]. Continued approval for these 
indications may be contingent upon verification and description of clinical benefit in 
a confirmatory trial(s).

DOSAGE AND ADMINISTRATION
Patient Selection - Select patients with relapsed or refractory (R/R) follicular lymphoma 
(FL) for treatment with TAZVERIK based on the presence of EZH2 mutation of codons 
Y646, A682, or A692 in tumor specimens [see Clinical Studies]. Information on FDA-
approved tests for the detection of EZH2 mutation in relapsed or refractory follicular 
lymphoma is available at: http://www.fda.gov/CompanionDiagnostics.
Recommended Dosage - The recommended dosage of TAZVERIK is 800 mg orally 
twice daily with or without food until disease progression or unacceptable toxicity. 
Swallow tablets whole. Do not cut, crush, or chew tablets. Do not take an additional 
dose if a dose is missed or vomiting occurs after TAZVERIK, but continue with the next 
scheduled dose.
Dosage Modifications for Adverse Reactions  -  Table 1 summarizes the recommended 
dose reductions, and Table 2 summarizes the recommended dosage modifications of 
TAZVERIK for adverse reactions.

Table 1. Recommended Dose Reductions of TAZVERIK for Adverse Reactions

Dose Reduction Dosage

First 600 mg orally twice daily

Second 400 mg orally twice daily*

*Permanently discontinue TAZVERIK in patients who are unable to tolerate 400 mg orally 
twice daily.

Table 2. Recommended Dosage Modifications of TAZVERIK for Adverse Reactions

Adverse Reaction Severity Dosage Modification
Neutropenia [see 
Adverse Reactions]

Neutrophil 
count less 
than 1 x 109/L

•  Withhold until neutrophil count is greater 
than or equal to 1 x 109/L or baseline. 

•  For first occurrence, resume at same dose.
•  For second and third occurrence, resume 

at reduced dose.
•  Permanently discontinue after fourth 

occurrence.

Thrombocytopenia 
[see Adverse 
Reactions]

Platelet count 
less than 
50 x 109/L

•  Withhold until platelet count is greater 
than or equal to 75 x 109/L or baseline. 

•  For first and second occurrence, resume 
at reduced dose. 

•  Permanently discontinue after third 
occurrence.

Anemia 
[see Adverse 
Reactions]

Hemoglobin 
less than 
8 g/dL

•  Withhold until improvement to at least 
Grade 1 or baseline, then resume at 
same or reduced dose.

Other adverse 
reactions 
[see Adverse 
Reactions]

Grade 3 •  Withhold until improvement to at least 
Grade 1 or baseline. 

•  For first and second occurrence, resume 
at reduced dose. 

•  Permanently discontinue after third 
occurrence.

Grade 4 •  Withhold until improvement to at least 
Grade 1 or baseline. 

•  For first occurrence, resume at 
reduced dose. 

•  Permanently discontinue after second 
occurrence.

Dosage Modifications for Drug Interactions
Strong and Moderate CYP3A Inhibitors - Avoid coadministration of TAZVERIK with strong 
or moderate CYP3A inhibitors. If coadministration with a moderate CYP3A inhibitor cannot 
be avoided, reduce the TAZVERIK dose as shown in Table 3 below. After discontinuation of 
the moderate CYP3A inhibitor for 3 elimination half-lives, resume the TAZVERIK dose that 
was taken prior to initiating the inhibitor [see Drug Interactions, Clinical Pharmacology].

Table 3. Recommended Dose Reductions of TAZVERIK for Moderate CYP3A Inhibitors 

Current Dosage Adjusted Dosage
800 mg orally twice daily 400 mg orally twice daily

600 mg orally twice daily
400 mg for first dose and 200 mg 
for second dose

400 mg orally twice daily 200 mg orally twice daily

CONTRAINDICATIONS - None.

WARNINGS AND PRECAUTIONS
Secondary Malignancies - The risk of developing secondary malignancies is increased 
following treatment with TAZVERIK. Across clinical trials of 729 adults who received 
TAZVERIK 800 mg twice daily, myelodysplastic syndrome (MDS) or acute myeloid 
leukemia (AML) occurred in 0.7% of patients. One pediatric patient developed T-cell 
lymphoblastic lymphoma (T-LBL). Monitor patients long-term for the development of 
secondary malignancies.
Embryo-Fetal Toxicity - Based on findings from animal studies and its mechanism of 
action, TAZVERIK can cause fetal harm when administered to pregnant women. There 
are no available data on TAZVERIK use in pregnant women to inform the drug-associated 
risk. Administration of tazemetostat to pregnant rats and rabbits during organogenesis 
resulted in dose-dependent increases in skeletal developmental abnormalities in both 
species beginning at maternal exposures approximately 1.5 times the adult human 
exposure (area under the plasma concentration time curve [AUC0-45h]) at the 800 mg 
twice daily dose. Advise pregnant women of the potential risk to a fetus. Advise females 
of reproductive potential to use effective contraception during treatment with TAZVERIK 
and for 6 months after the final dose. Advise males with female partners of reproductive 
potential to use effective contraception during treatment with TAZVERIK and for 3 months 
after the final dose [see Use in Specific Populations].

ADVERSE REACTIONS - The following clinically significant adverse reactions are 
described elsewhere in labeling: Secondary Malignancies [see Warnings and Precautions]. 
Clinical Trial Experience - Because clinical trials are conducted under widely varying 
conditions, adverse reaction rates observed in the clinical trials of a drug cannot be 
directly compared with rates in the clinical trials of another drug and may not reflect 
the rates observed in practice. The safety of TAZVERIK was evaluated in two cohorts 
(Cohorts 4 and 5) of Study E7438-G000-101 that enrolled patients with relapsed or 
refractory follicular lymphoma [see Clinical Studies]. Patients received TAZVERIK 800 mg 
orally twice daily (n=99). Among patients who received TAZVERIK, 68% were exposed for 
6 months or longer, 39% were exposed for 12 months or longer, and 21% were exposed 
for 18 months or longer. The median age was 62 years (range 36 to 87 years), 54% 
were male, and 95% had an Eastern Cooperative Oncology Group (ECOG) performance 
status of 0-1. The median number of prior therapies was 3 (range 1 to 11). Patients were 
required have a creatinine clearance ≥40 mL/min per the Cockcroft and Gault formula. 
Serious adverse reactions occurred in 30% of patients who received TAZVERIK. Serious 
adverse reactions in ≥2% of patients who received TAZVERIK were general physical health 
deterioration, abdominal pain, pneumonia, sepsis, and anemia. Permanent discontinuation 
due to an adverse reaction occurred in 8% of patients who received TAZVERIK. Adverse 
reaction resulting in permanent discontinuation in ≥2% of patients was second primary 
malignancy. Dosage interruptions due to an adverse reaction occurred in 28% of patients 
who received TAZVERIK. Adverse reactions requiring dosage interruptions in ≥3% of 
patients were thrombocytopenia and fatigue. Dose reduction due to an adverse reaction 
occurred in 9% of patients who received TAZVERIK. The most common adverse reactions 
(≥20%) were fatigue, upper respiratory tract infection, musculoskeletal pain, nausea, and 
abdominal pain. Table 6 presents adverse reactions in patients with relapsed or refractory 
follicular lymphoma in Cohorts 4 and 5 of Study E7438-G000-101.

Table 6. Adverse Reactions (≥10%) in Patients with Relapsed or Refractory Follicular 
Lymphoma Who Received TAZVERIK in Cohorts 4 and 5 of Study E7438-G000-101

Adverse Reaction
TAZVERIK N=99

All Grades (%) Grade 3 or 4 (%)

General

Fatiguea 36 5

Pyrexia 10 0

Infections

Upper respiratory tract infectionb 30 0

Lower respiratory tract infectionc 17 0

Urinary tract infectiond 11 2

Gastrointestinal

Nausea 24 1

Abdominal paine 20 3

Diarrhea 18 0

Vomiting 12 1

Musculoskeletal and connective tissue

Musculoskeletal painf 22 1

Skin and subcutaneous tissue

Alopecia 17 0

Rashg 15 0

Respiratory and mediastinal system

Coughh 17 0

Nervous system

 Headachei 13 0

Table 6 continues on the next page



Table 6. Adverse Reactions (≥10%) in Patients with Relapsed or Refractory Follicular 
Lymphoma Who Received TAZVERIK in Cohorts 4 and 5 of Study E7438-G000-101 
(continued)
aIncludes fatigue and asthenia
bIncludes laryngitis, nasopharyngitis, pharyngitis, rhinitis, sinusitis, upper repiratory tract 
infection, viral upper respiratory tract infection
cIncludes bronchitis, lower respiratory tract infection, tracheobronchitis
dIncludes cystitis, urinary tract infection, urinary tract infection staphylococcal
eIncludes abdominal discomfort, abdominal pain, abdominal pain lower, abdominal pain upper
fIncludes back pain, limb discomfort, musculoskeletal chest pain, musculoskeletal 
discomfort, musculoskeletal pain, myalgia, neck pain, non-cardiac chest pain, 
pain in extremity, pain in jaw, spinal pain
gIncludes erythema, rash, rash erythematous, rash generalized, rash maculo-papular, 
rash pruritic, rash pustular, skin exfoliation
hIncludes cough and productive cough
iIncludes headache, migraine, sinus headache

Clinically relevant adverse reactions occurring in <10% of patients who received 
TAZVERIK included: 
• Infection: sepsis (2%), pneumonia (2%), and herpes zoster (2%)

Table 7 summarizes select laboratory abnormalities in patients with follicular lymphoma 
in Cohorts 4 and 5 of Study E7438-G000-101.

Table 7. Select Laboratory Abnormalities (≥10%) Worsening from Baseline 
in Patients with Relapsed or Refractory Follicular Lymphoma Who Received 
TAZVERIK in Cohorts 4 and 5 of Study E7438-G000-101

Laboratory Abnormality
TAZVERIK*

All Grades (%) Grade 3 or 4 (%)

Hematology

Decreased lymphocytes 57 18

Decreased hemoglobin 50 8

Decreased platelets 50 7

Decreased white blood cells 41 9

Decreased neutrophils 20 7

Chemistry

Increased glucose 53 10

Increased aspartate aminotransferase 24 0

Increased alanine aminotransferase 21 2.3

Increased alkaline phosphatase 18 1.0

Increased creatinine 17 0

* The denominator used to calculate the rate varied from 88 to 96 based on the number 
of patients with a baseline value and at least one post-treatment value.

DRUG INTERACTIONS
Effect of Other Drugs on TAZVERIK - Strong and Moderate CYP3A Inhibitors: 
Coadministration of TAZVERIK with a strong or moderate CYP3A inhibitor increases 
tazemetostat plasma concentrations [see Clinical Pharmacology], which may increase the 
frequency or severity of adverse reactions. Avoid coadministration of strong or moderate 
CYP3A inhibitors with TAZVERIK. If coadministration of moderate CYP3A inhibitors cannot 
be avoided, reduce TAZVERIK dose [see Dosage and Administration]. Strong and Moderate 
CYP3A Inducers: Coadministration of TAZVERIK with a strong or moderate CYP3A inducer 
may decrease tazemetostat plasma concentrations [see Clinical Pharmacology], which 
may decrease the efficacy of TAZVERIK. Avoid coadministration of moderate and strong 
CYP3A inducers with TAZVERIK.
Effect of TAZVERIK on Other Drugs -  CYP3A Substrates: Coadministration of TAZVERIK 
with CYP3A substrates, including hormonal contraceptives, can result in decreased 
concentrations and reduced efficacy of CYP3A substrates [see Use in Specific Populations, 
Clinical Pharmacology].

USE IN SPECIFIC POPULATIONS
Pregnancy - Risk Summary: Based on findings from animal studies and its mechanism 
of action [see Clinical Pharmacology], TAZVERIK can cause fetal harm when administered 
to pregnant women. There are no available data on TAZVERIK use in pregnant women to 
inform the drug-associated risk. Administration of tazemetostat to pregnant rats and rabbits 
during organogenesis resulted in dose-dependent increases in skeletal developmental 
abnormalities in both species beginning at maternal exposures approximately 1.5 times 
the adult human exposure [AUC0-45h] at the 800 mg twice daily dose (see Data). Advise 
pregnant women of the potential risk to a fetus. In the U.S. general population, the estimated 
background risk of major birth defects and miscarriage in clinically recognized pregnancies 
is 2% to 4% and 15% to 20%, respectively.
Data - Animal Data: In pregnant rats, once daily oral administration of tazemetostat during 
the period of organogenesis from gestation day (GD) 7 through 17 resulted in no maternal 
adverse effects at doses up to 100 mg/kg/day (approximately 6 times the adult human 
exposure at 800 mg twice daily). Skeletal malformations and variations occurred in fetuses 
at doses of ≥50 mg/kg (approximately 2 times the adult human exposure at the 800 mg 
twice daily dose). At 200 mg/kg (approximately 14 times the adult human exposure at 
the 800 mg twice daily dose), major findings included increased post implantation loss, 

missing digits, fused vertebrae, domed heads and fused bones of the skull, and reduced 
fetal body weights. In pregnant rabbits, no adverse maternal effects were observed after 
once daily oral administration of 400 mg/kg/day tazemetostat (approximately 7 times the 
adult human exposure at the 800 mg twice daily dose) from GD 7 through 19. Skeletal 
variations were present at doses ≥100 mg/kg/day (approximately 1.5 times the adult human 
exposure at the 800 mg twice daily dose), with skeletal malformations at ≥200 mg/kg/day 
(approximately 5.6 times the adult human exposure at the 800 mg twice daily dose). At 400 
mg/kg (approximately 7 times the adult human exposure at the 800 mg twice daily dose), 
major findings included increased post implantation loss and cleft palate and snout.
Lactation - Risk Summary: There are no animal or human data on the presence of 
tazemetostat in human milk or on its effects on the breastfed child or milk production. 
Because of the potential risk for serious adverse reactions from TAZVERIK in the breastfed 
child, advise women not to breastfeed during treatment with TAZVERIK and for one week 
after the final dose.
Females and Males of Reproductive Potential - Pregnancy Testing: Verify the 
pregnancy status of females of reproductive potential prior to initiating TAZVERIK [see Use 
in Specific Populations]. Risk Summary: TAZVERIK can cause fetal harm when administered 
to pregnant women [see Use in Specific Populations]. Contraception: Females - Advise 
females of reproductive potential to use effective non-hormonal contraception during 
treatment with TAZVERIK and for 6 months after the final dose. TAZVERIK can render some 
hormonal contraceptives ineffective [see Drug Interactions]. Males - Advise males with 
female partners of reproductive potential to use effective contraception during treatment 
with TAZVERIK and for at least 3 months after the final dose. 
Pediatric Use -  The safety and effectiveness of TAZVERIK in pediatric patients aged less 
than 16 years have not been established.
Juvenile Animal Toxicity Data - In a 13-week juvenile rat toxicology study, animals were 
dosed daily from post-natal day 7 to day 97 (approximately equivalent to neonate to 
adulthood). Tazemetostat resulted in:
• T-LBL at doses ≥50 mg/kg (approximately 2.8 times the adult human exposure at the 

800 mg twice daily dose)
• Increased trabecular bone at doses ≥100 mg/kg (approximately 10 times the adult 

human exposure at the 800 mg twice daily dose)
• Increased body weight at doses ≥50 mg/kg (approximately equal to the adult human 

exposure at the 800 mg twice daily dose)
• Distended testicles in males at doses ≥50 mg/kg (approximately equal to the adult 

human exposure at the 800 mg twice daily dose)
Geriatric Use - Clinical studies of TAZVERIK did not include sufficient numbers of patients 
with relapsed or refactory follicular lymphoma aged 65 and over to determine whether they 
respond differently from younger subjects.
Renal Impairment - No dose adjustment of TAZVERIK is recommended for patients with 
mild to severe renal impairment or end stage renal disease [see Clinical Pharmacology].
Hepatic Impairment - No dose adjustment of TAZVERIK is recommended for patients 
with mild hepatic impairment (total bilirubin > 1 to 1.5 times upper limit of normal [ULN] 
or AST > ULN). TAZVERIK has not been studied in patients with moderate (total bilirubin 
> 1.5 to 3 times ULN) or severe (total bilirubin > 3 times ULN) hepatic impairment [see 
Clinical Pharmacology].

NONCLINICAL TOXICOLOGY
Carcinogenesis, Mutagenesis, Impairment of Fertility - Dedicated carcinogenicity 
studies were not conducted with tazemetostat, but T-LBL, MDS, and AML have been 
reported clinically and T-LBL occurred in juvenile and adult rats after ~9 or more weeks of 
tazemetostat administration during 13-week toxicity studies. Based on nonclinical studies 
in rats, the risk of T-LBL appears to be greater with longer duration dosing. Tazemetostat did 
not cause genetic damage in a standard battery of studies including a screening and pivotal 
bacterial reverse mutation (Ames) assay, an in vitro micronucleus assessment in human 
peripheral blood lymphocytes, and an in vivo micronucleus assessment in rats after oral 
administration. Fertility and early embryonic development studies have not been conducted 
with tazemetostat; however, an assessment of male and female reproductive organs were 
included in 4- and 13-week repeat-dose toxicity studies in rats and Cynomolgus monkeys. 
Oral daily administration of tazemetostat did not result in any notable effects in the adult 
male and female reproductive organs [see Use in Specific Populations]. 

PATIENT COUNSELING INFORMATION - Advise the patient to read the FDA-approved 
patient labeling (Medication Guide).
Secondary Malignancies - Advise patients of the increased risk of secondary malignancies, 
including AML, MDS, and T-LBL. Advise patients to inform their healthcare provider if they 
experience fatigue, easy bruising, fever, bone pain, or paleness [see Warnings and Precautions].
Embryo-Fetal Toxicity - Advise pregnant women and females of reproductive potential of 
the potential risk to a fetus. Advise females to inform their healthcare provider of a known 
or suspected pregnancy [see Use in Specific Populations]. Advise females of reproductive 
potential to use effective non-hormonal contraception during treatment with TAZVERIK 
and for 6 months after the final dose [see Use in Specific Populations]. Advise males with 
female partners of reproductive potential to use effective contraception during treatment 
with TAZVERIK and for 3 months after the final dose [see Use in Specific Populations, 
Nonclinical Toxicology].
Lactation - Advise women not to breastfeed during treatment with TAZVERIK and for 
1 week after the final dose [see Use in Special Populations].
Drug Interactions - Advise patients and caregivers to inform their healthcare provider of 
all concomitant medications, including prescription medicines, over-the-counter drugs, 
vitamins, and herbal products. Inform patients to avoid St. John’s wort, grapefruit, and 
grapefruit juice while taking TAZVERIK [see Drug Interactions].

 Brief Summary [07/2020] 
 TZ-FL-BR-20-0189
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Important Safety Information (continued)

• Embryo-Fetal Toxicity (continued)
Administration of tazemetostat to pregnant rats and rabbits during organogenesis resulted in dose-dependent increases 
in skeletal developmental abnormalities in both species beginning at maternal exposures approximately 1.5 times the 
adult human exposure (area under the plasma concentration time curve [AUC0-45h]) at the 800 mg twice daily dose.

Advise pregnant women of the potential risk to a fetus. Advise females of reproductive potential to use effective contraception
during treatment with TAZVERIK and for 6 months after the fi nal dose. Advise males with female partners of reproductive 
potential to use effective contraception during treatment with TAZVERIK and for 3 months after the fi nal dose.

Adverse Reactions
In 99 clinical study patients with relapsed or refractory follicular lymphoma receiving TAZVERIK 800 mg twice daily: 
Serious adverse reactions occurred in 30% of patients who received TAZVERIK. Serious adverse reactions occurring in ≥2% 
were general physical health deterioration, abdominal pain, pneumonia, sepsis, and anemia. The most common (≥20%) 
adverse reactions were fatigue (36%), upper respiratory tract infection (30%), musculoskeletal pain (22%), nausea (24%), 
and abdominal pain (20%).

Drug Interactions
Avoid coadministration of strong or moderate CYP3A inhibitors with TAZVERIK. If coadministration of moderate CYP3A 
inhibitors cannot be avoided, reduce TAZVERIK dose. 

Avoid coadministration of moderate and strong CYP3A inducers with TAZVERIK, which may decrease the effi cacy
of TAZVERIK.

Coadministration of TAZVERIK with CYP3A substrates, including hormonal contraceptives, can result in decreased 
concentrations and reduced effi cacy of CYP3A substrates.

Lactation
Because of the potential risk for serious adverse reactions from TAZVERIK in the breastfed child, advise women not to 
breastfeed during treatment with TAZVERIK and for one week after the fi nal dose.

Before prescribing TAZVERIK, please read the Brief Summary of the Prescribing Information on the adjacent pages.

EZH2=enhancer of zeste homologue 2; ORR=overall response rate; CI=confi dence interval; CR=complete response; PR=partial response;
DOR=duration of response; NE=not estimable; IWG-NHL=International Working Group Non-Hodgkin Lymphoma.

References: 1. TAZVERIK (tazemetostat) Prescribing Information. Cambridge, MA: Epizyme, Inc., July 2020. 2. Data on fi le. 
3. Referenced with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for B-cell Lymphomas 
V.4.2020. © National Comprehensive Cancer Network, Inc. 2020. All rights reserved. Accessed August 17, 2020. To view the most 
recent and complete version of the guideline, go online to NCCN.org. NCCN makes no warranties of any kind whatsoever regarding 
their content, use or application and disclaims any responsibility for their application or use in any way.

Learn more about TAZVERIK for R/R FL
and how it performed in a clinical trial.

Visit TAZVERIK.com today

Tazemetostat (TAZVERIK®) is recommended in the NCCN Clinical 
Practice Guidelines in Oncology (NCCN Guidelines®) as an option for 
appropriate patients with relapsed or refractory follicular lymphoma.3
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NK Cell–Targeting Strategies  
Come Into Their Own
by JANE DE LARTIGUE, PhD

ALTHOUGH ANTICANCER THERAPIES 
that leverage T cells have commanded the 
most attention in the immuno-oncology era 
of the past decade, strategies based on natu-
ral killer (NK) cells have recently emerged as 
attractive approaches.1,2 

NK cell–based adoptive cell therapies 
(ACTs), including genetically modified chime-
ric antigen receptor (CAR)-NK cells, are safer 
than their T cell–based counterparts and have 
the potential for “off-the-shelf” use.1,2 NK cell–
based strategies in clinical development also 
include NK cells that express activating cyto-
kines, as well as antibodies targeting 
receptors on the NK cell surface.

Most excitingly, the first FDA 
approval for an NK cell–
based therapy may be 
on the horizon. The 
QUILT-3.032 trial 
(NCT03022825) 
of interleukin 15 
(IL-15) superago-
nist N-803 (Anktiva; 
formerly ALT-803) 
recently met its 
primary end point. 
ImmunityBio, the 
company developing 
the therapy, expects 
to file a biologics 
license application 
for FDA approval of 
N-803 in combination 
with BCG vaccine for the treatment of 
patients with non–muscle-invasive bladder 
cancer (NMIBC) in 2021.3

NATURE’S WEAPONS OF  
MASS DESTRUCTION
Named for their innate ability to kill target 
cells, NK cells are sentinels of the anti-
tumor response, rapidly recognizing and 
killing transformed cells without the need 
for prior sensitization. Cancer cells often 
downregulate the expression of major histo-
compatibility complex class I molecules on 

their surface as a way to evade cytotoxic  
T cells, but this makes them susceptible to 
NK cells, which are activated in part by this 
lack of “self” molecules.1,2,4

A greater abundance of NK cells in the 
tumor microenvironment has been associ-
ated with improved survival in a number 
of cancer types, including liver, gastric, 
and breast cancers, as well as mela-
noma.2 Therefore, a leading approach to 
NK cell–targeted therapy has been the 
adoptive transfer of NK cells to boost 
NK cell numbers.

Typically, ACT involves harvesting NK cells 
from the blood of the patient (autologous) or 

a healthy donor (allogeneic), where-
upon the cells are expanded and 

then infused into the patient. 
Although autologous NK 

cells have proved to be 
safe, studies to date 
have demonstrated 
limited clinical bene-
fit, particularly in 

patients with solid 
tumors; obstacles 
have included diffi-

culties in expanding 
NK cells and in attaining 

adequate functionality of 
infused cells.2,5-7

Clinical trials of autologous NK cells 
are ongoing, however. California-based 
NKMax America is developing SNK01, 

which the company describes as highly pure 
autologous NK cells that have been activated 
to enhance cytotoxicity, although there is no 
publicly available information about how this 
is achieved.8,9

Several clinical trials testing the agent are 
ongoing. According to data from a phase 2 
trial, SNK01 in combination with pembroli-
zumab (Keytruda) in patients with stage IV 
non–small cell lung cancer (NSCLC) who 
progressed on frontline platinum-based 
chemotherapy demonstrated an overall 
response rate (ORR) of 44.4% in 9 evaluable 

patients treated with the combination. 
The findings were presented at the 2020 
American Society of Clinical Oncology 
(ASCO) Virtual Scientific Program.10 

OFF THE SHELF
Investigators in the field have largely shifted 
their attention to allogeneic NK cells, which 
have potential for highly sought after “off-the-
shelf” utility because they can be collected 
from donors and stored as readily available 
banks of NK cells, reducing production time 
and cost.5 Allogeneic T-cell therapy is limited 
by the potential for graft-vs-host disease, 
wherein the infused T cells also attack healthy 
tissue, causing severe toxicity, but allogeneic 
NK cells are safer in this regard.5,7

A plethora of clinical trials are ongoing, 
with a focus on strategies to boost the  
activity of the adoptively transferred 
NK cells, according to a search of the 
ClinicalTrials.gov website (TABLE). In addi-
tion to growing the NK cells in the presence 
of activating substances, other strategies 
being explored include combination therapy 
and genetic modification.1,7

Gamida Cell is developing GDA-201, alloge-
neic NK cells expanded in the presence of the 
activating cytokine IL-15 and nicotinamide, 
which has been shown to boost NK-cell 
expansion, survival, and cytotoxicity.5,11 In a 
phase 1 clinical trial (NCT03019666), investi-
gators are evaluating GDA-201 in combination 
with the monoclonal antibodies rituximab 
(Rituxan) in patients with relapsed or refrac-
tory B-cell non-Hodgkin lymphoma (NHL), or 
elotuzumab (Empliciti), in participants with 
multiple myeloma. Preliminary results for 19 
patients with NHL demonstrated an ORR of 
74%, with all responses but 1 being complete 
response (CR).12 Recruitment of patients into 
the trial has been suspended pending a study 
amendment, according to an update posted on 
ClinicalTrials.gov in February 2021.

In addition to being collected from blood, 
mature NK cells can be differentiated from 
stem cells isolated from umbilical cord ©
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killer cells can be 
harvested from the blood of a 
patient or donor. 
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WHEREAS T CELLS ARE the major effectors of the adaptive arm of the 
immune response, capable of generating immunological memory, natural 
killer (NK) cells are on the front line of the body’s more rough-and-ready 
innate immune response. NK cells patrol the body, recognizing and 
rapidly killing stressed, foreign, infected, or transformed cells.1,2

NK cells make up 5% to 15% of circulating lymphocytes in the blood 
and are also found in various organs, including the spleen, liver, and 
lungs. They are distinguished from other lymphocytes by their expression 
of CD56 and lack of CD3 expression.1-4

More recently, however, there has been a growing appreciation of the 
heterogeneity of NK cells beyond this crude categorization.1,2 Two major 
subtypes of NK cells have been identified: those that express high levels 
of CD56 and little to no CD16, which are potent cytokine producers but 

have poor cytotoxicity, and those that express low levels of CD56 and 
high levels of CD16, which are thought to be more mature and more 
highly cytotoxic. The latter subtype represents the majority of NK cells in 
the circulation.1-4

CD16 is one of an array of germline-encoded activating and inhibitory 
receptors that are present on the surface of NK cells and responsible for 
maintaining balanced NK cell activity. CD16, also known as Fcγ receptor 
III, recognizes antibody-coated cells and delivers a potent activating 
signal to NK cells to direct tumor cell killing through antibody-dependent 
cellular cytotoxicity (FIGURE).5,6

NK cells are also able to recognize and kill non-self target cells through 
a process dubbed “missing-self recognition.” Inhibitory receptors, 
including killer-cell immunoglobulin receptors and NKG2A/CD94, 
recognize “self” major histocompatibility complex (MHC) class I 
molecules found on the surface of all normal cells and transmit an 
inhibitory signal into the NK cell to suppress the cytotoxic response.1-4

In the absence of that MHC-induced inhibitory signal (most notably 
in virus-infected or cancerous cells), NK cells are more responsive to 
signals from various activating receptors on the NK cell surface, which 
are generated if the target cell expresses the stress-induced ligands 
recognized by these receptors. The major NK cell–activating receptors 
include NKG2C, NKG2D, and the natural cytotoxic receptors, NKp30, 
NKp44, and NKp46.1-4 

The binding between NK cell receptors and ligands on the target 
cell brings the 2 cells into close proximity. The activated NK cell then 
releases granulocytes that contain perforin (a membrane-disrupting 
protein), which creates holes in the target cell membrane through which 
granzymes (serine proteases) are delivered into the target cell cytoplasm, 
lysing the cell.1,2,5 

NK cells can also activate death receptor–mediated pathways to 
induce apoptosis.1,2,5 Furthermore, through their production of cytokines, 
such as IFNγ and TNFα, NK cells play an important immunomodulatory 
role and shape the subsequent adaptive immune response.1,2 ■

For a full list of references, see the article at  . 

The Network NK Cel l–Mediated Immunity

The major cytotoxic mechanisms of natural killer (NK) cells are mediated by antibody-dependent 
cell-mediated cytotoxicity as well as perforin and granzymes. NK cells are present in blood and in various 
organs, including the spleen, liver, and lungs.

FIGURE. NK Cel ls  at  Work Against  Oncogenic Act iv i ty 5,6 

blood or from induced pluripotent stem cells 
(iPSCs), as well as from clonal cell lines 
derived from immortalized tumor cells. Each 
source of NK cells has unique advantages.4,7 

NK cells derived from cord blood are a 
source of functional allogeneic NK cells in 
contrast to the often dysfunctional state 
of autologous NK cells, according to inves-
tigators from The University of Texas MD 
Anderson Cancer Center. 

They presented findings from a phase 
2 trial (NCT03019640) during the 2021 
Transplant & Cellular Therapy Meetings 
showing that NK cells derived from cord 
blood could be safely and effectively 
expanded and administered to patients with 
B-cell NHL after high-dose chemotherapy 
and in advance of autologous stem cell trans-
plant. At a median follow-up of 18 months, the 
relapse-free survival rate was 68% and the 

overall survival rate was 84% among  
19 patients who received the regimen.13 

Fate Therapeutics is developing several 
iPSC-derived allogeneic cell lines. FT516 and 
FT596 are engineered to express the high- 
affinity variant of the CD16 receptor, to boost 
the antibody-dependent cellular cytotoxicity 
capability of NK cells, and an IL-15 receptor 
fusion, which promotes NK cell cytotoxicity. 
FT596 also can express a CD19-targeted CAR.14
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NantKwest has developed “t-haNK” cells, 
which are CAR-NK cells targeting either 
PD-L1 or CD19. They are based on high- 
affinity NK (haNK) cells derived from NK-92, 
a tumor cell line engineered to express 
the high-affinity CD16 receptor.4 Non-CAR 
haNK cells are being evaluated in numer-
ous ongoing clinical trials and form part of 
NantKwest’s NANT Cancer Vaccines. These 
are combinations of metronomic low-dose 
chemotherapy, low-dose radiation ther-
apy, adenoviral tumor-associated antigen 
vaccines, immune checkpoint inhibitors 
(ICIs), N-803, and haNK cells.15 

Data from 12 patients with advanced pancre-
atic cancer enrolled across the QUILT-3.039, 
-3.060, -3.070, and -3.080 trials of this vaccine 
were presented at 2020 ASCO; 11 patients 
(92%) achieved stable disease lasting longer 
than 8 weeks. The 12th patient, who received 
PD-L1–targeted t-haNK instead of haNK, 
achieved a CR.16 The ongoing QUILT-88 trial 
(NCT04390399) is evaluating PD-L1 t-haNK as 
part of combination immunotherapy in pancre-
atic cancer. The original 2 cohorts included 
patients treated in the first- and second-line 
settings, respectively. A third cohort was 
recently added for third-line and beyond treat-
ment of patients who have progressed on all 
approved standards of care.17

NK CELL–ACTIVATING CYTOKINES
N-803 was developed by Altor BioScience 
Corporation, which was acquired by 
ImmunityBio in 201718; it is an IL-15 superag-
onist complex consisting of an IL-15 mutant 
bound to a high-affinity IL-15 receptor 
(IL-15Rα) fused to the fragment crystalliz-
able (Fc) domain of immunoglobulin (Ig) G1.19 
N-803, which strongly activates NK cells, 
is being evaluated in combination with a 
number of different anticancer therapies.

In 2019, ImmunityBio received a break-
through therapy designation for N-803 
in combination with BCG for the treat-
ment of NMIBC.17 Two clinical trials of 
this combination are ongoing: the phase 
1/2 QUILT-2.005 trial (NCT02138734) 
in BCG-naïve patients and the phase 
2/3 QUILT-3.032 (NCT03022825) in 
BCG-unresponsive patients. 

ImmunityBio recently announced that 
QUILT-3.032 had met its primary end point.3 
The combination induced CRs in 71%  

(95% CI, 59%-81%) of 72 evaluable patients for 
a median duration of 19.2 months, with a 56% 
probability (95% CI, 38.8%-70.3%) that the CRs 
would be maintained for at least 12 months, 
according to findings presented at the 2021 

Genitourinary Cancers Symposium.20

Meanwhile, N-803 also is being eval-
uated in the phase 3 QUILT 2.023 trial 
(NCT03520686) in combination regimens as a 
first-line therapy for patients with stage III 

TABLE.  Select  NK-Target ing Therapies in  Cl in ical  Development

Agent (developer) Mechanism of action Trial phases and clinical settingsa 

N-803 (Anktiva)
(ImmunityBio Inc)

IL-15 superagonist Phase 3: NSCLC 
Phase 2: AML/MDS; MCC, small bowel cancer/
CRC; pancreatic cancer; diverse cancers previously 
treated with ICIs
Phase 1/2: HNSCC, NMIBC

M9241 
(NHS-IL12)

Tumor-targeted IL-12 Phase 1/2: pancreatic cancer; prostate cancer, 
advanced cancers
Phase 1: nonprostate GU cancers

Bempegaldesleukin 
(NKTR-214)
(Nektar Therapeutics)

Engineered IL-2 prodrug Phase 3: melanoma; MIBC; RCC
Phase 1/2: RCC; advanced/metastatic solid 
tumors; recurrent pediatric cancer

haNK 
(NantKwest)

NK cells engineered to express high-
affinity CD16 receptor

Phase 2: MCC; MDS, leukemia, lymphoma, or 
multiple myeloma
Phase 1/2: TNBC, SCC; CRC

FT516 
(Fate Therapeutics, Inc)

iPSC-derived allogeneic NK cell line 
engineered to express high-affinity 
CD16 receptor and an IL-15 receptor 
fusion

Phase 1: advanced solid tumors; advanced 
hematologic malignancies; ovarian cancer

FT596 
(Fate Therapeutics, Inc)

iPSC-derived allogeneic NK cell line 
engineered to express high-affinity 
CD16 receptor, an IL-15 receptor 
fusion, and a CD19-targeted CAR

Phase 1: DLBCL; B-cell lymphoma, CLL

oNKord
(Glycostem Therapeutics BV)

Umbilical cord stem cell–derived 
allogeneic NK cells

Phase 1/2: AML

CYNK-001 
(Cellularity Inc)

Placental hematopoietic stem cell–
derived allogeneic NK cells

Phase 1/2: multiple myeloma
Phase 1: GBM; AML

SNK01 
(NKMax America Inc)

Autologous, non–genetically 
modified NK cells

Phase 1/2: advanced HER2+ or EGFR+ cancers
Phase 1: metastatic and/or unresectable advanced 
solid tumors refractory to conventional therapy

PD-L1 t-haNK 
(NantKwest)

NK cells engineered to express high-
affinity CD16 receptor and a PD-L1–
targeted CAR

Phase 2: pancreatic cancer; cancers previously 
treated with ICIs

CD19 t-haNK 
(NantKwest)

NK cells engineered to express 
high-affinity CD16 receptor and a 
CD19-targeted CAR

Phase 1: DLBCL; B-cell lymphoma, CLL

Lacutamab 
(IPH4102)
(Innate Pharma SA)

KIR3DL2 inhibitor Phase 2: T-cell lymphoma

Monalizumab
(IPH2201; Innate Pharma/
AstraZeneca)

NKG2A inhibitor Phase 3: HNSCC
Phase 2: HER2+ breast cancer
Phase 1/2: HNSCC; advanced solid tumors

GTB-3550 
(GT Biopharma Inc)

TriKE targeting CD16, CD33, and a 
modified form of IL-15

Phase 1/2: MDS, AML, advanced systemic 
mastocytosis

AFM13 
(Affimed NV)

CD30/CD16–bispecific antibody Phase 2: PTCL, transformed mycosis fungoides
Phase 1: HL, NHL

AFM24 
(Affimed NV)

EGFR/CD16–bispecific antibody Phase 1/2: advanced solid tumors

AML, acute myeloid leukemia; CAR, chimeric antigen receptor; CLL, chronic lymphocytic leukemia; CRC, colorectal cancer; DLBCL, diffuse large B-cell 
lymphoma; GBM, glioblastoma; GU, genitourinary; haNK, high-affinity NK; HL, Hodgkin lymphoma; HNSCC, head and neck squamous cell carcinoma;  
ICI, immune checkpoint inhibitor; IL, interleukin; iPSC, induced pluripotent stem cell; MCC, Merkel cell carcinoma; MDS, myelodysplastic syndrome;  
MIBC, muscle-invasive bladder cancer; NHL, non-Hodgkin lymphoma; NK, natural killer; NMIBC, non–muscle-invasive bladder cancer; NSCLC, non–small 
cell lung cancer; PTCL, peripheral T-cell lymphoma; RCC, renal cell carcinoma; SCC, squamous cell carcinoma; t-haNK, targeted CAR-NK;  
TNBC, triple-negative breast cancer; TriKE, trispecific killer engager.

aSome studies are not actively recruiting patients.
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or IV advanced or metastatic NSCLC. The trial 
aims to randomize 1538 participants to exper-
imental cohorts of N-803 with pembrolizumab 
or with pembrolizumab plus carboplatin 
and nab-paclitaxel (Abraxane) with or with-
out pemetrexed; or control arms comprising 
pembrolizumab monotherapy, pembrolizumab 
plus carboplatin with either nab-paclitaxel or 
paclitaxel, or pembrolizumab plus pemetrexed 
with either cisplatin or carboplatin. 

Other cytokine-based therapies include 
M9241, an immunocytokine that uses a naked 
DNA–detecting antibody to target delivery of 
IL-12 to regions of tumor necrosis and apop-
tosis, such as the tumor microenvironment; 
and bempegaldesleukin (NKTR-214), a CD122-
preferential IL-2 pathway agonist designed 
to stimulate CD8-positive effector T cells and 
NK cells.21,22 

Nektar Therapeutics has an extensive 
development program underway for 
bempegaldesleukin in combinations that 
include nivolumab (Opdivo), with phase 3 
trials in metastatic and adjuvant melanoma 
(NCT03635983; NCT04410445), renal cell 
carcinoma (NCT03729245), and muscle- 
invasive bladder cancer (NCT04209114). 

TARGETING NK CELL RECEPTORS
In an alternative approach, the power of 
NK cells can be harnessed for cancer ther-
apy using antibodies that target cell-surface 
receptors. Affimed is developing several 
bispecific antibodies that target CD16 on the 
NK cell surface and a tumor-associated 
antigen. These antibodies are designed to 
bring NK cells and tumor cells into close 
proximity to facilitate more targeted kill-
ing by NK cells.5

Results from a phase 1 trial (NCT02665650) 
of AFM13, which targets CD16 on NK cells and 
CD30 on tumor cells, were recently published. 
In 30 heavily pretreated patients with relapsed 
or refractory Hodgkin lymphoma, a combi-
nation of AFM13 and pembrolizumab elicited 
an ORR of 83%.23 Affimed is also collaborat-
ing with NKMax America on a planned study 
of EGFR/CD16-bispecific antibody AFM24 in 
combination with SNK01.24

Meanwhile, GTB-3550 (GT Biopharma) is a 
trispecific killer engager (TriKE) composed 
of 2 single-chain variable fragments—1 bind-
ing CD16 on NK cells and 1 binding CD33 
on myeloid cancer cells—joined by an IL-15 

linker. In a phase 1 trial (NCT03214666), 
GTB-3550 produced NK cell proliferation 
without significant toxicity. Investigators 
hope to see clinical efficacy at higher doses.25 

Similar to ICIs, therapeutic monoclo-
nal antibodies designed to target inhibitory 
receptors on the surface of NK cells are also 
of great interest. To date, most efforts have 
focused on the killer-cell Ig-like receptors 
(KIRs). Lirilumab (IPH2102/BMS-986015), 
which targets several inhibitory KIRs, had 
demonstrated promise in several cancer 
types in a phase 1 trial, but results of a  
phase 2 trial were disappointing. The drug is 
no longer in development by Innate Pharma 
or Bristol Myers Squibb, which had acquired 
licensing rights.4,26,27

Lacutamab (IPH4102) is a first-in-class 
specific inhibitor of KIR3DL2 that showed 
promise in a phase 1 clinical trial 
(NCT02593045) in patients with relapsed 
or refractory cutaneous T-cell lymphoma, 
especially those with Sézary syndrome, a 
particularly aggressive form of this cancer.28 

The phase 2 TELLOMAK trial 
(NCT03902184) is underway to evaluate the 
activity of lacutamab as monotherapy and in 
combination with chemotherapy in patients 
with Sézary syndrome and other types of 
T-cell lymphoma. The FDA had placed this 
trial on a partial hold due to deficiencies in a 
subcontractor’s manufacturing procedures, 
but the hold was lifted in June 2020.29

Monalizumab (IPH2201), a first-in-class 
antibody targeting NKG2A, an inhibitory 
receptor on NK cells, was developed by Innate 
Pharma; AstraZeneca acquired the rights in 
2018.30 Several clinical trials are ongoing, 
and the agent has advanced into phase 3 
testing (INTERLINK-1;NCT04590963) in 
combination with cetuximab (Erbitux) 
in patients with head and neck cancer 
previously treated with platinum-based 
chemotherapy and a PD-1/L1 inhibitor. This 
follows a phase 1/2 trial (NCT02643550) in 
which the combination elicited an ORR of 
20% among 40 patients with platinum- and 
PD-1/PD-L1 inhibitor–refractory disease.31 ■

Jane de Lartigue, PhD, is a freelance medical 
writer and editor based in Gainesville, Florida.

For a full list of references,  
see the article at  . 
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AS INVESTIGATORS EXPAND THEIR 
understanding of the biology of endometrial 
cancer, doors to new treatment approaches 
are opening, including the use of a variety of 
combinations that employ targeted therapies 
and immunotherapies.

Leveraging the efficacy data of single 
agents in this space has led to the devel-
opment of several novel combinations that 
may improve standard-of-care treatment 
strategies. Further, the increasing under-
standing of relevant biomarkers may provide 
the key to determining new combinations. 
“Endometrial cancer, for the most 
part, does not have the HRD [homol-
ogous recombination deficiency] 
signature that we think of in ovar-
ian cancer,”  Kathleen N. Moore, 
MD, said during a recent OncLive 
Peer Exchange® .

Joining Moore, a panel of gyne-
cologic oncology experts discussed 
several exciting combinations for 
patients with advanced endometrial cancer, 
including a combination that has already 
received accelerated approval and others 
that are being explored in ongoing clinical 

trials. They also discussed their approach 
to treatment for patients with recurrence 
after second-line treatment, an area where 
there is a paucity of options, making it espe-
cially crucial to look for novel targets. “We’re 
entering a molecularly guided era with 
targets that heretofore were not targetable, 
which is exciting for all [patients with] solid 
tumors,” Moore said. 

PEMBROLIZUMAB/LENVATINIB 
FOR RECURRENT NON–MSI-HIGH 
ENDOMETRIAL CANCER

In 2019, the FDA granted acceler-
ated approval to pembrolizumab 
(Keytruda) plus lenvatinib (Lenvima) 
as a second- or subsequent-line treat-
ment for patients with advanced 
endometrial carcinoma not amenable 
to curative surgery or radiation and 
whose cancer is not microsatellite 
instability-high (MSI-H) or mismatch 
repair deficient (dMMR).1 This 

was a major milestone for these patients as 
pembrolizumab was previously only approved 
as a monotherapy for patients with MSI-H 
recurrent endometrial cancer.2 Efficacy of 

pembrolizumab/lenvatinib was demonstrated 
in KEYNOTE-146/Study 111 (NCT02501096), 
a single-arm, multicenter, open-label, multi-
cohort trial that enrolled 108 patients 
with metastatic endometrial carcinoma 
that had progressed after 1 or more prior 
systemic therapies in any setting.3,4 The 
primary end point was overall response rate 
(ORR) at 24 weeks. 

In the 94 patients whose tumors were not 
MSI-H or dMMR, the ORR was 36.3% (95% CI, 
26.5%-46.7%).3 At the time of data cutoff for 
the primary analysis, there were 7 complete 
responses (7.4%) and 28 partial responses 
(29.8%), resulting in an ORR of 37.2%. The 
disease control rate was 84.0%. “In the water-
fall plot of the original paper, basically 
everybody responded. That’s unheard of 
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in second-, third-line endometrial cancer,” 
David M. O’Malley, MD, said. 

A challenge with the pembroli-
zumab/lenvatinib combination, 
however, is its adverse effect (AE) 
profile (TABLE3). In KEYNOTE-146, 
any-grade treatment-related AEs 
occurred in 96.8% of patients, with 
66.9% experiencing grade 3 or 4 
AEs. There were 51 deaths during 
the study, with 4 attributed to treat-
ment-emergent AEs: 1 each from 
gastrointestinal perforation, intes-
tinal obstruction, general physical 
health deterioration, and meta-
bolic encephalopathy.3 “We must get 
better at managing the toxicities,” 
O’Malley emphasized.

Based on the nature of this combi-
nation, “you have to balance the I/O 
[immune-oncology] aspect, the oral 
aspect, and the anti-VEGF aspect,” 
moderator Bradley J. Monk, MD, said. The 
panelists indicated, however, that the toxic-
ities are becoming easier to prepare for 
and manage as providers gain more expe-
rience with this regimen. “In the trenches, 
we’re learning how to better handle the 
toxicities. We’re starting at lower 
doses of lenvatinib. We’re learning 
how to deal with some of the diar-
rhea and hypertension,” Brian M. 
Slomovitz, MD, MS, said. 

When discussing dosing, O’Malley 
said he starts his patients at 18 mg 
of lenvatinib for practical reasons. “It 
gives you a 10-mg [capsule] and two 
4-mg [capsules], which allows you to 
get down to 14 mg much easier than 
waiting for a new script and a new 
copay. If they need dose reduction, 
they have the 4 mg there,” he said, 
noting this strategy works perfectly 
for a drug where 70% of patients had 
their dosages reduced and almost 
90% required dose interruptions in 
clinical trials.

Moore said she starts her patients 
at 14 mg. “I get 2 months in, and then if 
they’re doing fine, I escalate them to 18 mg. I 
like 14 mg because I haven’t harmed anybody, 
and we can escalate them,” she said. She also 
noted that although she was worried about the 
toxicity of this regimen in the beginning, she 

has now seen how well the combination works 
and how important it can be for her patients, 

even those who are critically ill. “I 
can think of 3 patients who were told 
they needed to go on hospice but are 
now going to have more time because 
of this drug,” she said.

In contrast, Krishnansu S. 
Tewari, MD, said he does not start 
lenvatinib at a reduced dose. “I start 
at 20 mg, and we’ve had to drop 
down to 14 mg and down to 10 mg in 
a few patients. But I have quite a few 
patients who are tolerating it pretty 
well. The worst I’ve seen is maybe 
some grade 1 or 2 hypothyroidism,” 
he said. However, he noted that his 
patients are not that sick when he 
puts them on the combinations. Like 
Moore, he also has been impressed 
by the responses he has seen to this 
treatment. “When this combination 

works, it really works,” he said. “I can scan 
patients and the disease is still there, but it’s 
not hurting them—it’s stable. They’re doing 
great on the combo,” he said.

To reduce the risk of AEs, the panelists 
emphasized the importance of a multidisci-

plinary approach to care, including 
close collaboration with nurse 
practitioners. “[At my institution, 
nurse practitioners] take the phone 
calls and have strict SOPs [stan-
dard operating procedures] in place 
regarding hypertension and diar-
rhea. If you’re working together, it 
can really help control these symp-
toms,” O’Malley said.

Slomovitz agreed. 
“Pembrolizumab/lenvatinib doesn’t 
start when you take this medi-
cine. It starts when you decide to 
take this medicine. From that point, 
you’ve got to get blood pressure 
under control, get nurse extenders 
involved, and prepare for diarrhea. If 
you’re prepared, I find it’s a tolerable 
regimen,” he said.

The panelists also discussed where 
pembrolizumab/lenvatinib may fall in terms 
of sequencing, particularly whether attempt-
ing chemotherapy before this regimen in 
the second line is a more prudent approach. 
Moore said the answer to this question is still 

unclear but that she leans toward using the 
combination. “I feel as though maybe we need 
to use this first. It’s probably more active, 
that is my gut feeling. But that’s something 
we need to sort out and get into the commu-
nity a lot more,” she said.

FINDING TREATMENT TARGETS  
IN THE THIRD LINE AND BEYOND
The panelists agreed that in the third-line 
setting they do next-generation sequenc-
ing to determine next steps. “[We try] to 
find an actionable mutation that’s drugga-
ble. Ideally, put [patients] on a trial. But in 
the absence of a trial, look for a target for 
which there’s an available drug, maybe for 
another indication that we can use for these 
patients,” Tewari said.

Moore said that there are many trials avail-
able for patients with endometrial cancer, 
which makes it easier to find options for 
patients. In the absence of available trials, 
she said she often turns to CDK4/6 inhibitors. 
“I tend to go to those plus letrozole [Femara]. 
I’ve had nice disease stabilization. It’s well 
tolerated. Maybe it would work for serous, 
but I’ve just been using it for endometrioid 
serous [disease and look to] other chemother-
apies. But I’m mainly looking for trials to put 
them on,” she said.

TABLE.  Most Common Treatment-Related 
Adverse Effects (≥ 20%) in KEYNOTE-1463,a

Adverse effect Any grade Grade 3/4

Hypertension 61.1% 32.4%

Diarrhea 52.8% 6.5%

Fatigue 51.9% 8.3%

Decreased appetite 47.2% 0%

Hypothyroidism 44.4% 0.9%

Nausea 39.8% 2.8%

Stomatitis 33.3% 0%

Pain/arthralgia 31.5% 1.9%

Dysphonia 27.8% 0%

Palmar-plantar  
erythrodysesthesia/ 
skin reactions

26.9% 4.6%

Vomiting 26.9% 0%

Weight loss 25.9% 1.9%

Proteinuria 22.2% 3.7%

Headache 20.4% 0%
aData are for previously treated patients and includes those with 
microsatellite instability-high and microsatellite-stable tumors.
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In the absence of trials, hormonal therapies 
should be considered, O’Malley said, noting 
that tamoxifen showed close to a 24% 
response rate. “The addition of hormonal 
therapy in the endometrioid [carcinomas] is 
obviously important. In those nonendome-
trioid [carcinomas], I try to get bevacizumab 
[Avastin] in,” he said. However, he also 
stressed the importance of next-generation 
sequencing to find actionable targets. “You’ll 
occasionally find a BRCA [mutation]. You may 
find even some other HR [hormone recep-
tor] mutations, which allow you to try to get a 
PARP [inhibitor] approved,” he said.

EMERGING I/O COMBINATIONS 
ACROSS TREATMENT LINES
Different I/O combinations are being explored 
in clinical trials for patients who are treat-
ment naïve or have progressed on prior 
systemic treatments. The panelists were 
considerably excited about the pivotal phase 
3 KEYNOTE-775 trial (NCT03517449), which 
compared pembrolizumab/lenvatinib with 
weekly paclitaxel or doxorubicin, which is 
considered the current standard of care.5 “We 
have the accelerated approval in the United 
States [already], but pembrolizumab [with] 
lenvatinib is not available internationally. Not 
only will this convert the accelerated approval 
potentially to full approval in the United 
States, but it will give an international oppor-
tunity,” Monk said. Data were presented at the 
Society of Gynecologic Oncology 2021 Annual 
Meeting on Women’s Cancer.

In the all-comer population, the median 
PFS was 7.2 months (95% CI, 5.7-7.6) with 
pembrolizumab/lenvatinib (n = 411) vs 
3.8 months (95% CI, 3.6-4.2) in the control 
arm (n = 416), leading to a 44% reduction 

in the risk of disease progression or death 
(HR, 0.56; 95% CI, 0.47-0.66; P < .0001). The 
median OS was 18.3 months (95% CI, 15.2-
20.5) vs 11.4 months (95% CI, 10.5-12.9), 
respectively (HR, 0.62; 95% CI, 0.51-0.75; 
P < .0001). The secondary end point of ORR 
was also improved with pembrolizumab/
lenvatinib at 31.9% (95% CI, 27.4%-36.6%)  
vs 14.7% (95% CI, 11.4%-18.4%) with physi-
cians’ choice therapy. 

In patients with dMMR, results were simi-
lar to those observed in all comers. The 
median PFS was 6.6 months (95% CI, 5.6-7.4) 
with pembrolizumab/lenvatinib, compared 
with 3.8 months (95% CI, 3.6-5.0) with 
control therapy (HR, 0.60; 95% CI, 0.50-0.72; 
P <.0001). The median OS was 7.4 months 
(95% CI, 14.2-19.9) and 12.0 months (95% 
CI, 10.8-13.3), respectively (HR, 0.68; 95% 
CI, 0.56-0.84; P = .0001). The ORR was also 
improved with pembrolizumab/lenvatinib at 
30.3% (95% CI, 25.5%-35.5%), compared with 
15.1% (95% CI, 11.5%-19.3%).5,6

Pembrolizumab/lenvatinib is also being 
explored as a first-line therapy for advanced 
or recurrent endometrial cancer in the phase 
3 LEAP-001 study (NCT03884101), which is 
comparing it with paclitaxel/carboplatin.7 
“[This trial] may knock chemotherapy off the 
pedestal for the first-line treatment of endo-
metrial cancer. It’s exciting,” Slomovitz said.

Another promising combination is the 
addition of dostarlimab, an investigational 
PD-1 inhibitor, to paclitaxel/carboplatin in 
recurrent or primary advanced endometrial 
cancer.8 This combination is being assessed 
in the phase 3 RUBY study (NCT03981796).8 
“A nice thing about this trial is it includes 
carcinosarcomas. We haven’t focused a lot on 
that, but carcinosarcomas are in the realm 

of advanced breast and endometrial cancers. 
We need better treatment options for these 
patients. They’re likely to respond to immu-
notherapy,” Slomovitz said. 

Moore said the “best trial” is the phase 3 
DUO-E study (NCT04269200), which is explor-
ing PD-L1 inhibitor durvalumab (Imfinzi) and 
PARP inhibitor olaparib (Lynparza) in the first-
line setting for patients who received a new 
diagnosis of advanced or recurrent endome-
trial cancer.9 Study participants are randomly 
assigned to 1 of 3 arms: arm A, which is 
paclitaxel/carboplatin/placebo followed by 
placebo maintenance; arm B, which is pacl-
itaxel/carboplatin/durvalumab followed by 
durvalumab/placebo maintenance; or arm C, 
which is paclitaxel/carboplatin/durvalumab 
followed by durvalumab/olaparib mainte-
nance. “Of course, this is stratified by MSI-H. 
This [trial] is open globally and accruing quite 
well,” she said.

The panelists also discussed an I/O 
combination that has shown promise in a 
phase 2 trial (NCT03367741) in patients with 
recurrent endometrial cancer, including a 
small subset with carcinosarcoma (n = 9): 
cabozantinib (Cabometyx) plus nivolumab 
(Opdivo).10 In the study, more than half of the 
patients had received 3 or more prior lines of 
therapy. “Median PFS for the combo was 
approximately 6 months versus 2 months 
with nivolumab alone. Even among the 
carcinosarcomas, 6 or 7 of these 9 patients 
had had prior I/O, and all 6 of those patients 
had partial responses,” Tewari said, noting 
that it is an exciting combination that merits 
further study.  ■

For a full list of references,  
see the article at  . 
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