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Bringing the Global Oncology Community Together

IN ER+/HER2- METASTATIC BREAST CANCER (mBC)

CAN IMPROVING ER ANTAGONISM AND
DEGRADATION UNLOCK A BRIGHTER FUTURE?
Complex mechanisms of estrogen receptor (ER) signaling
have been associated with tumor growth.1-3

In ER+/HER2– mBC, the ER pathways are involved in tumor progression
and treatment escape mechanisms that enable endocrine resistance.1,2,4,5

To strengthen the ﬁght against resistance, could
advancements in ER antagonism and degradation
help decrease the ER pathway’s downstream effects?
Reveal more at UnlockmBC.com
HER2=human epidermal growth factor receptor 2.
References: 1. Haque MM, Desai KV. Pathways to endocrine therapy resistance in breast cancer. Front Endocrinol. 2019;10:573. 2. Roy SS, Vadlamudi RK. Role of estrogen
receptor signaling in breast cancer metastasis. Int J Breast Cancer. 2012. doi:10:1155/2012/654698 3. Jeffreys SA, Powter B, Balakrishnar B, et al. Endocrine resistance in
breast cancer: the role of estrogen receptor stability. Cells. 2020;9(9):2077. doi:10.3390/cells9092077 4. McDonnell DP, Wardell SE. The molecular mechanisms underlying the
pharmacological actions of ER modulators: implications for new drug discovery in breast cancer. Curr Opin Pharmacol. 2010;10(6):620-628. 5. Osborne CK, Schiff R. Mechanisms
of endocrine resistance in breast cancer. Annu Rev Med. 2011;62:233-247.
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Tissue Is Still the Issue

Pathology Expert Talks About Clinical
Needs in the Molecular Era

by ANDREW SMITH

Pathologists who once performed largely visual analysis now supplement their eyes and experience with
hard data from a variety of assays. Lynette M. Sholl, MD, unpacks the growing role of the pathologist in
oncology care, advances in tumor and plasma diagnostics, and the hurdles facing the profession.
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THE NATIONAL INSTITUTES OF HEALTH-FDA Joint Leadership Council defined the
categories of care in which biomarkers play a key role in nearly a decade ago. The council’s aim was to highlight the growing role of biomarkers and outline their appropriate
usage of their language in translational medicine. Seven categories were included in the
initial publication that corresponded to the biomarkers’ role: determines the potential for a
patient to develop a disease (risk), confirms the presence of a disease (diagnostic), provides
a trackable surveillance marker (monitoring), predicts disease recurrence or progression
(prognostic), demonstrates response (pharmacodynamic), stratifies individuals who may
respond more favorably to a treatment (predictive), and provides insight into the development of an adverse effect (safety).1
The definitions of these markers have become more refined since the first publication,
with sections such as “Understanding Prognostic versus Predictive Biomarkers” being
included to assist in the navigation of the field.1 As the role of markers becomes more granular, especially in the treatment of solid tumors, so too does the integration of the pathologist
into a multidisciplinary team.
“I think, as a pathologist, you have to demonstrate a level of humility and willingness
to seek additional opinions because the complexity of the human body is sort of mind
boggling,” Lynette M. Sholl, MD, said in an interview for this issue’s cover story. Scholl
speaks from nearly 2 decades of experience in pathology, noting that the rapid uptake of
biomarker-directed therapy development and sampling has left oncologists with many
unanswered questions and avenues to explore.
Sholl will do her part to contextualize the latest developments in pathology as cochair of
the 6th Annual International Congress on Oncology & Pathology™: Toward Harmonization of
Pathology and Oncology Standards hosted by Physicians’ Education Resource ®, LLC (PER®).
The 1-day conference will feature discussions across solid tumors including gastrointestinal, genitourinary, breast, and lung cancers, and a keynote address highlighting acute
myeloid leukemia and myelodysplastic syndrome. “There are countless variables that can
create uncertainty in pathological analysis, and oncologists should have a sense of what
those variables are,” Sholl said.
Optimizing therapies based on traceable residual disease in the blood has gained traction in several tumor types, setting liquid biopsy and more specifically, circulating tumor
DNA (ctDNA), on course for a large role as a biomarker in a number of categories including
prognostic, predictive, risk, and others. OncLive ® has several on-demand programs available to unpack the latest applicable updates regarding the use of ctDNA including a recent
13-episode OncLive News Network® program on the potential applications of ctDNA testing in
colorectal and pancreatic cancer. “The field of ctDNA is rapidly evolving. As oncologists and
clinicians, we’re beginning to figure out how to incorporate it [into practice],” Blase Polite,
MD, said in a segment.
To watch the full series, visit bit.ly/3x3xwww, and visit OncLive.com for the latest
updates from leading experts. Additionally, to learn more about the 6th Annual International
Congress on Oncology & Pathology™ or to register for the meeting, scan the QR code below.
As always, thank you for reading.
Mike Hennessy Jr
President and CEO
MJH Life Sciences®

79
Targeted Treatment Arsenal for Myelofibrosis
Set to Explode
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THE FIRST EVER TARGETED THERAPY
FOR RESECTABLE EGFRm NSCLC

The first and only EGFR TKI to help prevent disease recurrence or death

ADJUVANT TAGRISSO: DELIVERING
OVERWHELMING EFFICACY
TAGRISSO demonstrated extraordinary disease-free survival
in resected EGFRm NSCLC patients1-3
PRIMARY ENDPOINT: DISEASE-FREE SURVIVAL IN PATIENTS WITH STAGE II/IIIA DISEASE (N=470)*
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Consistent results with or without prior adjuvant chemotherapy 2‡
• 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, confidence interval; DFS, disease-free survival; EGFR, epidermal growth factor receptor; EGFRm, epidermal growth factor receptor mutation positive;
HR, hazard ratio; IASLC, International Association for the Study of Lung Cancer; L858R, exon 21 leucine 858 arginine substitution; NE, not estimable;
NSCLC, non-small cell lung cancer; QoL, quality of life; TKI, tyrosine kinase inhibitor.

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 confirmed
TAGRISSO is a registered trademark of the AstraZeneca group of companies.
©2021 AstraZeneca. All rights reserved. US-53566 5/21

BRIGHTER DAYS AHEAD FOR MORE EGFRm NSCLC PATIENTS
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 patient

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 confirmed EGFR mutations (exon 19 deletion or L858R mutation).
Patients were stratified 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

Find out more at www.TagrissoResults.com

SELECT SAFETY INFORMATION

• Heart rate-corrected QT (QTc) interval prolongation occurred in TAGRISSO-treated patients. Of the 1479 TAGRISSOtreated 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 inflammation, 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 confirmed
• 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
• 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
• 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 YL, 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.

Please see Brief Summary of Prescribing Information
on adjacent pages.

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*
Pulmonary [see Warnings Interstitial lung disease
and Precautions (5.1) in the (ILD)/Pneumonitis
full Prescribing Information]
QTc† interval greater
than 500 msec on at
least 2 separate ECGs‡
Cardiac [see Warnings and
Precautions (5.2, 5.3) in the
full Prescribing Information] QTc interval prolongation
with signs/symptoms of
life-threatening arrhythmia
Symptomatic congestive
heart failure
Cutaneous [see Warnings Stevens-Johnson syndrome
and Precautions (5.5) in the (SJS), Erythema Multiforme
full Prescribing Information] Major (EMM)
Adverse reaction of Grade 3
or greater severity
Other [see Adverse
If improvement to Grade 0-2
Reactions (6.1) in the full
within 3 weeks
Prescribing Information]
If no improvement within
3 weeks

Dosage Modification
Permanently discontinue
TAGRISSO.
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.
Permanently discontinue
TAGRISSO.
Permanently discontinue
TAGRISSO.
Withhold TAGRISSO if
suspected and permanently
discontinue if confirmed.
Withhold TAGRISSO for up
to 3 weeks.
Resume at 80 mg or
40 mg daily.
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.
Adjuvant Treatment of EGFR Mutation-Positive NSCLC
The safety of TAGRISSO was evaluated in ADAURA, a randomized, double-blind, placebocontrolled 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
PLACEBO
(N=337)
(N=343)
All Grades Grade 3 or All Grades Grade 3 or
(%)
higher† (%)
(%)
higher† (%)

Gastrointestinal Disorders
Diarrhea*
47
2.4
Stomatitis‡
32
1.8
Abdominal Pain**
12
0.3
Skin Disorders
Rash§
40
0.6
37
0.9
Nail toxicity¶
29
0.3
Dry skin§§
19
0
Pruritus#
Respiratory, Thoracic and Mediastinal Disorders
19
0
CoughÞ
Musculoskeletal and Connective Tissue Disorders
18
0.3
Musculoskeletal Pain ††
Infection and Infestation Disorders
Nasopharyngitis
14
0
Upper respiratory tract infection
13
0.6
Urinary Tract Infection¶¶
10
0.3
General Disorders and Administration Site Conditions
13
0.6
Fatigue β
Nervous System Disorders
10
0
Dizziness ##
Metabolism and Nutrition Disorders
Decreased appetite
13
0.6

20
7
7

0.3
0
0

19
3.8
7
9

0
0
0
0

19

0

25

0.3

10
10
7

0
0
0

9

0.3

9

0

3.8

0

ββ
NCI 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, onychomadesis, 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%), urticaria (1.5%), 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
TAGRISSO
PLACEBO
(N=337)
(N=343)
Laboratory
Abnormality*, †
All Grades Grade 3 or All Grades Grade 3 or
(%)
Grade 4 (%)
(%)
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 doubleblind 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.
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Table 4. Adverse Reactions Occurring in ≥10% of Patients Receiving TAGRISSO in
FLAURA*
Adverse Reaction

TAGRISSO
(N=279)
Any Grade
(%)

Grade 3 or
higher (%)

Gastrointestinal Disorders
58
2.2
Diarrhea†
Stomatitisǁ
32
0.7
Nausea
14
0
Constipation
15
0
Vomiting
11
0
Skin Disorders
Rash‡
58
1.1
Dry skin§
36
0.4
Nail toxicity¶
35
0.4
Pruritus#
17
0.4
General Disorders and Administration Site Conditions
21
1.4
FatigueÞ
Pyrexia
10
0
Metabolism and Nutrition Disorders
Decreased appetite
20
2.5
Respiratory, Thoracic and Mediastinal Disorders
Cough
17
0
Dyspnea
13
0.4
Neurologic Disorders
Headache
12
0.4
Cardiac Disorders
10
2.2
Prolonged QT Interval β
Infection and Infestation Disorders
Upper Respiratory Tract Infection
10
0

EGFR TKI comparator
(gefitinib or erlotinib)
(N=277)
Any Grade Grade 3 or
(%)
higher (%)
57
22
19
13
11

2.5
1.1
0
0
1.4

78
36
33
17

7
1.1
0.7
0

15
4

1.4
0.4

19

1.8

15
7

0.4
1.4

7

0

4

0.7

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%), urticaria (2.2%),
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
TAGRISSO
(N=279)
Laboratory Abnormality*, †
Hematology
Lymphopenia
Anemia
Thrombocytopenia
Neutropenia
Chemistry
Hyperglycemia‡
Hypermagnesemia
Hyponatremia
Increased AST
Increased ALT
Hypokalemia
Hyperbilirubinemia

EGFR TKI comparator
(gefitinib or erlotinib)
(N=277)
All Grades Grade 3 or
(%)
Grade 4 (%)

All Grades
(%)

Grade 3 or
Grade 4 (%)

63
59
51
41

6
0.7
0.7
3

36
47
12
10

4.2
0.4
0.4
0

37
30
26
22
21
16
14

0
0.7
1.1
1.1
0.7
0.4
0

31
11
27
43
52
22
29

0.5
0.4
1.5
4.1
8
1.1
1.1

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*
Chemotherapy
TAGRISSO
Adverse Reaction
(Pemetrexed/Cisplatin or
Pemetrexed/Carboplatin)
(N=279)
(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
22
1.8
40
5.1
Fatigueþ
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.
ǁ

Includes 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%), urticaria (2.9%),
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
TAGRISSO
Chemotherapy
(N=279)
(Pemetrexed/Cisplatin or
Pemetrexed/Carboplatin)
Laboratory Abnormality*, †
(N=131)
All Grades Grade 3 or All Grades Grade 3 or
(%)
Grade 4 (%)
(%)
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
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

*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)

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 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 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%).

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 postimplantation 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.
©AstraZeneca 2021
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ANCER CLINICAL RESEARCH IS characterized

by several types of clinical trials. Phase 1 studies,
for instance, are used to define the safety, pharmacokinetic profile, and optimal delivery approaches
for antineoplastic agents. Phase 3 randomized studies
directly compare the toxicity and efficacy of specific therapeutic strategies.
There is one form of clinical trial that has received limited
attention and needs to become a greater component of our
community’s focus. Pragmatic clinical trials “inform a clinical or policy decision by providing evidence for adoption
of the intervention into real-world clinical practice.”1 These
trials may inform issues that are highly relevant to practicing
physicians and previously unaddressed by explanatory trials
designed to “confirm a physiological or clinical hypothesis.”1
Such studies are likely to be conducted in a homogenous and
generally quite non–real world patient population, often with
the purpose of achieving regulatory approval of agents for
subsequent commercial sale.
Pragmatic trials may address questions that have nothing
to do with regulatory or commercial concerns. Rather, their
investigators seek to learn the optimal approach to handling
a common or vexing clinical matter in a large or limited
group of patients. Examples of studies in which investigators explored a common population-based problem include
the SOME trial (NCT00773448), 2 which evaluated the clinical utility of routine screening for cancer in individuals who
experienced a venous thromboembolism; a 3-group parallel
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study (ACTRN12618000930280)3 that examined the effectiveness of different online education approaches in managing the
common and costly clinical dilemma of knee osteoarthritis;
and a study to evaluate strategies to optimize smoking cessation efforts (NCT02328794).4
Alternatively, a pragmatic trial may examine a critically important but quite narrow subject. An example is
NOR-DRUM (NCT03074656), which evaluated the value of
therapeutic drug monitoring for patients with immune-mediated inflammatory disease receiving maintenance treatment.5
Turning to the cancer arena, there are many clinical topics
where objective trial-generated data could be helpful in optimizing care. For example, what is the relative efficacy and
toxicity of talc pleurodesis vs an indwelling pleural catheter in the management of a malignant pleural effusion?6 Or
what is the benefit-to-risk ratio in regard to preserved cognitive function associated with whole brain radiation therapy
plus radiosurgery vs radiosurgery alone in the treatment of
individuals with a limited number (1-3) of metastatic brain
lesions? 7 These issues are unlikely to generate commercial
support or be viewed as advancing cancer therapeutics, but
they may be critically relevant to oncologists attempting to
provide the best possible palliative care.
Similarly, pragmatic clinical trials may seek to find a
simple, safe, and inexpensive strategy to prevent a serious treatment-related adverse effect. Relevant real-world
examples of these issues include addressing hearing loss
associated with cisplatin delivery in children,8 or resolving
a highly contentious debate among oncologists regarding the
potential role of secondary cytoreduction followed by hyperthermic intraperitoneal chemotherapy in platinum-sensitive
recurrent ovarian cancer.9
For both of these examples, a pragmatic clinical trial has
been conducted and investigators reported their results in
high-impact oncology journals, an indication of the relevance
of the concerns addressed and the importance of the
data generated.
It is perhaps appropriate to consider a
potential pragmatic clinical trial, that as far
as this commentator is aware has not yet
been initiated, to address a question relevant
to gynecologic oncologists.
The FDA recently approved the use
of a novel imaging drug, pafolacianine
(Cytalux), for use during ovarian cancer
surgery with the specific intent to permit
the discovery of additional metastatic
malignant lesions that may be resected
prior to the subsequent delivery of cytotoxic

© GRIVINA - STOCK.ADOBE.COM

by MAURIE MARKMAN, MD

From the Editor
chemotherapy.10 This approval was based on data from a phase 3 trial
(NCT03180307) that revealed use of the proprietary intraoperative imaging strategy permitted the identification of additional lesions beyond those
observed from direct visualization in one-third of the 109 patients available
for analysis of efficacy.11 False positives were also noted, and approximately
one-third of patients experienced adverse effects including nausea, vomiting, and abdominal pain.11
Regulatory approval was presumably provided based on the assumption
that the removal of these additional nonvisualized lesions, resulting in a
more complete surgical resection would be translated into a superior clinical outcome. The intent of highlighting the approval of this agent is not
to present a formal discussion supporting or refuting its scientific basis
or merit but rather to emphasize the opportunity for the development of a
pragmatic clinical trial that directly tests this conclusion. Of course, multiple details would need to be considered—including study funding—but
one might consider the prospective conduct of a registry-type, community-based study where detailed data on patients would be collected, such
as tumor grade, unique histologic features, initial tumor stage, comorbidities, BRCA-mutation status, treatments received, and time to initial disease
progression, among others.
The specific hypothesis to be addressed would be whether patients who
have no gross macroscopic residual disease following the completion of
primary surgical cytoreduction assisted by use of the imaging strategy
experience superior progression-free survival compared with individuals who attained this state of no gross visible macroscopic residual disease
without this new technology.
It is reasonable to assume the results of a well-designed study would be
quite meaningful to clinicians and patients and subsequently would be
published in a high-impact medical journal. ■
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BEHIND THE SCIENCE

The Role of Biomarker Testing in Anal Carcinoma
Identifying biomarkers is an area of active research for investigators looking to improve
outcomes for patients with anal carcinoma, according to Cathy Eng, MD, FACP, FASCO,
of Vanderbilt-Ingram Cancer Center in Nashville, Tennessee. An benefit was observed
with the immune checkpoint inhibitor pembrolizumab (Keytruda) in patients with anal
carcinoma who showed PD-L1 overexpression vs those who did not. Building on these
data, Eng was an investigator of the phase 2 eETCTN trial (NCT02314169), in which
nivolumab (Opdivo) demonstrated a similar benefit administered in the refractory
setting. The hope, Eng said, is to derive more data on immune checkpoint inhibition for
this rare cancer population.

TO WATCH, VISIT bit.ly/3IC6Y7C.

DEEP DIVE

Normalizing Conversations on the Cost of Cancer Care
Nearly 1 out of 2 patients with gynecologic cancer report some degree of financial
distress or financial toxicity, according to a recent report. Corresponding author
Kate M. Esselen, MD, of Beth Israel Deaconess Medical Center in Boston,
Massachusetts noted that patients with severe financial toxicity were significantly
more likely to engage in behavioral cost-coping strategies including medication
nonadherence (adjusted risk ratio, 4.6; 95% CI, 1.2-18.1). Esselen acknowledged that
financial strain is not part of typical conversations between providers and patients but
that steps to normalize these conversations could provide insights to help patients
manage the financial burden of treatment up front.

TO WATCH, VISIT bit.ly/3tATqF8.

INSIDE THE PRACTICE

Patients with hormone receptor (HR)-positive early-stage breast cancer are more likely
to factor fertility concerns into their treatment decisions regarding use of endocrine
therapy (ET). The findings were from a study by Tal Sella, MD, of Dana-Farber Cancer
Institute in Boston, Massachusetts. Notably, among the patients with fertility concerns
(n = 214/643), 7% did not initiate ET and 33% were nonpersistent. Sella explained that
not pursing ET can result in patients being at an increased risk of disease progression
and highlights the striking dilemma they face—optimize treatment or fulfill family planning desires. The findings should encourage continued efforts to identify strategies to
support these patients and effectively address their family planning needs, Sella said.

TO WATCH, VISIT bit.ly/3qxIeaq.
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Fertility Concerns May Affect ET Decisions in Breast Cancer
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We are conducting the single arm, open-label, multi-center phase 2 FELIX study
(NCT04404660) to evaluate the investigational CD19 CAR T-cell product called AUTO1
(obecabtagene autoleucel or obe-cel) in patients with relapsed/refractory adult B-cell acute
lymphoblastic leukemia. The primary objective of the study is to evaluate the safety and
efficacy of AUTO1 given as a split dose on day 1 and on day 10. Following the initial dose of
AUTO1, patients will be observed closely for at least 10 days in hospital. Patients will then be in
follow-up until the end of the study. We are seeking assistance from referral centers and those
physicians who treat adult B-ALL patients in regional community hematology/oncology
clinics to help us identify qualified study participants.

clinicaltrials@autolus.com
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FDA Digest

Adjuvant Olaparib Is Authorized for BRCA+, HER2–, High-Risk Early Breast Cancer
The FDA has approved olaparib (Lynparza) for the adjuvant treatment of
patients with germline BRCA-mutated, HER2-negative, high-risk early breast
cancer who previously received chemotherapy either before or after surgery.
The approval is based on findings from the phase 3 OlympiA trial
(NCT02032823) in which olaparib (n = 921) demonstrated a 42% improvement in invasive disease–free survival compared with placebo (n = 915;
HR, 0.58; 95% CI, 0.46-0.74; P < .0001). The 3-year event-free survival
rates were 86% (95% CI, 82.8%-88.4%) with olaparib vs 77% (95% CI, 73.7%80.1%) with placebo.

Moreover, updated data showed that at a median follow-up of 3.5 years,
the adjuvant treatment led to a 32% reduction in the risk of disease
progression or death compared with placebo (HR, 0.68; 95% CI, 0.500.91; P = .0091). The 3-year overall survival rate difference was 3.8%
(95% CI, 0.9%-6.6%) in favor of olaparib with 3-year event-free rates of
93% (95% CI, 90.8%-94.4%) vs 89% (95% CI, 86.7%-91.0%) for olaparib and
placebo, respectively.
TO READ MORE, VISIT bit.ly/369Mia5.

BRACAnalysis CDx Assay Gains Olaparib Indication for Select Early Breast Cancer
The FDA has approved the BRACAnalysis CDx assay for use as a
companion diagnostic to identify if patients with germline BRCA-mutated,
HER2-negative, high-risk early breast cancer may derive clinical benefit
from treatment with olaparib (Lynparza).
The in vitro diagnostic device is used for qualitative detection and
classification of variants in the protein-coding regions and intron/exon
boundaries of the BRCA1 and BRCA2 genes through the utilization of
genomic DNA extracted from whole blood specimens. By leveraging polymerase chain reaction and Sanger sequencing, the test can detect single
nucleotide variants and small insertions and deletions.

Support of the companion diagnostic follows the FDA approval of olaparib
on March 11, 2022, for use as an adjuvant treatment in this patient population based on data from the phase 3 OlympiA trial (NCT02032823).
BRACAnalysis CDx also can be used as a companion diagnostic for talazoparib (Talzenna) for patients with deleterious or suspected deleterious
germline BRCA-mutated, HER2-negative, locally advanced or metastatic
breast cancer. The indication was based on data from the phase 3
EMBRACE trial (NCT00388726).
TO READ MORE, VISIT bit.ly/3L0nsYJ.

FoundationOne CDx Gets Green Light for EGFR-Targeted Therapies in NSCLC
The FDA has approved FoundationOne CDx for use as a companion diagnostic to determine which patients with non–small cell lung cancer
(NSCLC) whose tumors harbor EGFR exon 19 deletions or exon 21 (L858R)
substitutions may benefit from approved EGFR tyrosine kinase inhibitors.
The in vitro diagnostic device was designed to detect substitutions,
insertion alterations, and deletion alterations, as well as copy number
alterations in 324 genes. The test also can identify select gene rearrangements and genomic signatures such as microsatellite instability and tumor
mutational burden by examining DNA extracted from formalin-fixed, paraffin-embedded tumor tissue samples.

The therapies that are approved for this patient population include afatinib
(Gilotrif), gefitinib (Iressa), osimertinib (Tagrisso), and erlotinib (Tarceva).
FoundationOne CDx also is indicated for use in identifying patients with
EGFR exon 20 T790M alterations who might benefit from osimertinib;
those with ALK rearrangements who may be candidates for alectinib
(Alecensa), brigatinib (Alunbrig), crizotinib (Xalkori), or ceritinib (Zykadia);
and those with BRAF V600E mutations who could receive dabrafenib
(Tafinlar) in combination with trametinib (Mekinist).
TO READ MORE, VISIT bit.ly/3wxsRT4.

Relatlimab Plus Nivolumab Expands Treatment Options for Unresectable, Metastatic Melanoma
The FDA has approved the fixed-dose combination of relatlimab plus
nivolumab (Opdualag) for the treatment of patients 12 years or older who
have unresectable or metastatic melanoma.
The decision is based on data from the phase 2/3 RELATIVITY-047 trial
(NCT03470922), which showed that the doublet (n = 355) resulted in a
median progression-free survival (PFS) of 10.1 months (95% CI, 6.4-15.7)
vs 4.6 months (95% CI, 3.4-5.6) with single-agent nivolumab (Opdivo;
n = 359; HR, 0.75; 95% CI, 0.62-0.92; P = .0055). The 12-month PFS rates
were 48.0% (95% CI, 42.5%-53.4%) and 36.9% (95% CI, 31.7%-42.1%),
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respectively; at 24 months, these rates were 38.5% (95% CI, 32.7%-44.2%)
and 29.0% (95% CI, 23.8%-34.4%), respectively.
Additionally, at a median follow-up of 19.3 months, the median overall
survival with the doublet was not reached (NR; 95% CI, 43.2-NR) vs
34.1 months (95% CI, 25.32-NR) with nivolumab monotherapy (HR, 0.8;
95% CI, 0.64-1.01; P = .0593). Although this benefit was not found to be
statistically significant, investigators noted that it was clinically meaningful.
TO READ MORE, VISIT bit.ly/36DkIBC.
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Drug Spotlight
N I VO LU M A B A N D R E L AT L I M A B - R M BW ( O P D UA L AG )

Nivolumab Plus Relatlimab Aims to Become Primary
Treatment Option for Advanced Melanoma
by KYLE DOHERTY

THE ADDITION OF NOVEL anti–LAG-3 antibody relatlimab-rmbw to anti–

That benefit is happening at the expense of only a 3% to 5% increase in
immune-related adverse effects [AEs], which is a very modest increase compared
PD-1 antibody nivolumab (Opdivo) offers treatment-naïve patients with unresectable
with what we’re used to with the combination of ipilimumab and nivolumab, where
or metastatic melanoma an efficacious and tolerable immunotherapy treatment
[we see] almost a 40% increase in grade 3/4 AEs. In terms of the AE profile, it looks
option. The FDA approved the combination of nivolumab and relatlimab-rmbw
very similar to what we see with single-agent nivolumab in terms of pattern and of
(Opdualag) for adult and pediatric patients 12 years or older with unresectable or
response to immunosuppressive therapy.
metastatic melanoma.1
The approval was supported by data from the phase 2/3 RELATIVITY-047
trial (NCT03470922), in which the combination was evaluated among patients
How do you see this approval affecting the treatment
Q
with previously untreated metastatic or unresectable stage III or IV melanoma.
paradigm in melanoma?
Patients who received nivolumab and relatlimab (n = 355) experienced a
This approval is going to lead to most of us using the combination any
median progression-free survival (PFS) of 10.1 months (95% CI, 6.4-15.7)
time we [would have previously] considered using single-agent nivolumab.
compared with 4.6 months (95% CI, 3.4-5.6) among the 359 patients
I find it very hard to find a reason to treat a patient without the combinawho received nivolumab alone (HR, 0.75; 0.62-0.92; P = .0055). Notably,
tion if they are appropriate for [treatment with] single-agent nivolumab.
the median overall survival (OS) among patients treated with the combiThere are still going to be patients [for whom] we will consider the
nation was not reached (NR; 95% CI, 34.2–NR) vs 34.1 months (95% CI,
combination of ipilimumab and nivolumab, especially patients with brain
25.2–NR) for patients treated with nivolumab monotherapy (HR, 0.80;
metastases. It is a clear situation where we still don’t have data for
95% CI, 0.64-1.01). The overall response rate (ORR) was 43% (95% CI,
nivolumab and relatlimab together, which is something we’re hoping to
Hussein A.
38%-48%) and 33% (95% CI, 28%-38%) in the experimental and control
generate [soon]. But there will be situations where the combination of ipiliTawbi, MD, PhD
groups, respectively.1
mumab and nivolumab will be used. [For patients with] brain metastases,
®
I would think about the situation where a higher response rate may be required in a
In an interview with OncologyLive , Hussein A. Tawbi, MD, PhD, director of
patient who is rapidly progressive or symptomatic. There’s still a role for ipilimumab
personalized cancer therapy in the Department of Melanoma Medical Oncology in
and nivolumab, but I don’t see an ongoing role for single-agent nivolumab.
the Division of Cancer Medicine at The University of Texas MD Anderson Cancer
We looked specifically at whether there is any difference in the subgroup analCenter in Houston, discussed how the combination improves upon the established
ysis in any population, and the benefit was consistent across all subgroups.
immunotherapy treatments in melanoma and highlights key treatment takeaways
Whether patients have LAG-3 positivity or not, that didn’t matter; PD-L1 [status]
observed with the regimen.
didn’t matter. Patients who had a higher tumor burden, high LDH [lactate dehydrogenase levels], all of the typical factors that we consider to be [indicative
What effect will the approval of nivolumab plus
Q
of] higher risk disease, still had a consistent PFS [and] ORR benefit, and a
relatlimab have on the melanoma field?
survival advantage.
We have known for years now, since the original days of ipilimumab [Yervoy], that
checkpoint inhibitors can improve patient survival and can potentially provide longterm benefit for patients with metastatic melanoma. We also know that single-agent
Is there anything concerning this approval that you
Q
PD-1 [inhibitors] have improved efficacy vs single-agent CTLA-4 [inhibitors] and
would like to emphasize to community oncologists?
have an improved toxicity profile.
This is a 30-minute infusion—a single infusion—for the combination. [This adminisWe are lucky to have a combination [such as] ipilimumab and nivolumab that is
tration] will be helpful for community oncologists to adopt [this therapy] relatively
more potent and can offer a better benefit to our patients with metastatic disease,
quickly. Again, they [must] remain vigilant for immune-related AEs. Identify [and act
especially patients with brain metastases. We are happy to have an option where
on] them early [to] help prevent them from becoming severe toxicities.
the combination seems to offer benefit above and beyond single-agent PD-1 [inhibitors] as shown in the randomized phase 2/3 RELATIVITY-047 trial.
Are there any immune-related AEs clinicians should be aware of?
Q The iRAE profile for nivolumab and relatlimab seems to be similar to single[This benefit] happens at the toll of a small increase in added toxicity [that is]
not as staggering as it was with the combination of ipilimumab and nivolumab. The
agent nivolumab. We see pneumonitis, [and] we see a much lower incidence of
toxicity of nivolumab and ipilimumab is 18.9% compared with approximately 15%
colitis [compared with single-agent] ipilimumab or the combination [of ipilimumab
with nivolumab alone. We feel this will offer a new option for our patients who were
and nivolumab]. [We saw] endocrine abnormalities that were similar to single-agent
[previously] going to be treated with single-agent nivolumab. It offers us a new
nivolumab—maybe a slight increase in adrenal insufficiency.
combination in our armamentarium that may be used in other settings, as well.
Adrenal insufficiency is always challenging to diagnose, [as] it is subtle and
It is remarkable to see that, after a longer follow-up of approximately 19 months,
develops over time. I would absolutely keep that in mind as one of the potential
that the benefit and PFS for the nivolumab combination compared with nivolumab
reasons patients may present with fatigue, lower blood pressure, and other sympalone remains consistent. The HR showed an approximately 25% improvement in
toms. Our oncologists, both academic and in the community, have become very
PFS. We also have ORR data that shows a significant improvement in their response
familiar with managing iRAEs. This fits well with what we normally do for singlerate; 43% compared with approximately 30% for single-agent nivolumab.
agent PD-1 [inhibitors]. ■
We’re also seeing a hint of a survival benefit, around a 20% improvement in OS,
although it is not yet statistically significant. In a field where the median OS is in the
REFERENCE
6-year range, after 19 months of follow-up, it may be early, but we already see that
1.
Opdualag. Prescribing information. Bristol Myers Squibb; 2022. Accessed March 24, 2022.
potential [effect] on OS, which is exciting for our patients and clinicians.
bit.ly/3JG5zOT
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Drug Spotlight
FDA approval—March 18, 2022

BASELINE PATIENT CHARACTERISTICS

FDA grants approval to nivolumab and relatlimab-rmbw (Opdualag)
for adult and pediatric patients 12 years or older with unresectable
or metastatic melanoma.

Mechanism of action

Median age
(years, range)

How supplied

• Nivolumab and relatlimab are
human IgG4 monoclonal antibodies
that binds to the PD-1 receptor
and LAG-3 receptor, respectively.
The reduced pathway-mediated
inhibition of immune response in
both the PD-1 and LAG-3 pathways
results in increased T-cell activation compared with the activity of
either antibody alone.

• 240 mg of nivolumab and 80 mg of
relatlimab per 20 mL (12 mg and
4 mg per mL) in a single-dose
vial for injection

Nivolumab and relatlimab

Nivolumab

(n = 355)

(n = 359)

63

Dose

• 480-mg nivolumab and 160-mg
relatlimab intravenously every
4 weeks
◦ Administer as an intravenous
infusion over 30 minutes
◦ Patients must weigh at least
40 kg

Company: Bristol Myers Squibb

62

Tumor burden (%)

Nivolumab and relatlimab

Nivolumab

59.0 mm

54.5 mm

(range, 10-317)

(range, 10-548)

PIVOTAL CLINICAL TRIAL
RELATIVITY-047 (NCT03470922) was a randomized, double-blinded phase 2/3 trial of patients with previously untreated metastatic or unresectable stage III or IV melanoma. Patients
were randomly assigned to receive nivolumab plus relatlimab or nivolumab alone.

ECOG performance status (%)

Nivolumab and relatlimab
EFFICACY RESULTS IN THE REL ATIVIT Y-047 TRIAL
Outcome

Nivolumab and relatlimab
(n = 355)

Nivolumab
(n = 359)

10.1 (6.4-15.7)

4.6 (3.4-5.6)

Median PFS, months (95% CI)

1: 33.5%

1: 32.6%

0: 66.5%

0: 67.4%

HR, 0.75; 95% CI, 0.62-0.92; P = .0055
NR (34.2–NR)

Median OS, months (95% CI)

34.1 (25.2–NR)

HR, 0.80; 95% CI, 0.64-1.01

Stratification factors

70%

HSCT, hematopoietic stem cell transplantation.

60%

40%

Nivolumab and relatlimab
(n = 355)

30%

Nivolumab
(n = 359)

All grades

Grade 3/4

All grades

Grade 3/4

Musculoskeletal pain

45%

4.2%

31%

1.7%

Fatigue

39%

2%

29%

0.6%

Rash

28%

1.4%

21%

1.9%

Diarrhea

24%

2%

17%

1.4%

Pruritus

25%

0%

17%

0.6%

Headache

18%

0.3%

12%

0.3%

Nausea

17%

0.6%

14%

0%

Nausea

17%

0.6%

14%

0%

Hypothyroidism

17%

0%

14%

0%

Decreased appetite

15%

0.6%

7%

0.3%

Cough

15%

0.3%

11%

0%

25.1%

50%

COMMONLY REPOR TED ADVERSE EFFECTS
IN THE REL ATI VIT Y-047 TRIAL

BRAF mutation
status

61.3%

58.9%

80%

• Complications of allogeneic HSCT
• Embryo-fetal toxicity

24.5%

• Immune-mediated reactions
• Infusion-related reactions

PD-L1
expression

74.9%

WARNINGS AND PRECAUTIONS

75.5%

LAG-3
expression

38.7%

CR, complete response; NR, not reached; ORR, overall response rate; OS, overall survival; PFS, progression-free survival.

61.7%

14%

38.3%

33% (28%-38%)

16%

59.1%

43% (38%-48%)

40.9%

CR

41.1%

ORR (95% CI)

Adverse effect

Nivolumab

20%
10%
0%

b
b
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nd
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nd
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ma
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ma tlimab Nivolu
ma tlimab Nivolu
ma tlimab Nivolu
u
u
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l
l
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n ≥ 1%: n < 1% n Mutant

n Wild-type

REFERENCES
1. Opdualag. Prescribing information. Bristol Myers Squibb; 2022. Accessed March 22, 2022.
bit.ly/3JSfHnv
2. Lipson EJ, Tawbi HA, Schadendorf D, et al. Relatlimab (RELA) plus nivolumab (NIVO) versus NIVO
in first-line advanced melanoma: primary phase III results from RELATIVITY-047 (CA224-047).
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WHEN NAVIGATING THE DIFFICULTIES
OF MULTIPLE MYELOMA IN THE REAL WORLD, YOU NEED

DURABLE STRENGTH
THE NINLARO® ((ixazomib
ixazomib)) REGIMEN* OFFERS EXTENDED
EFFICACY AND MANAGEABLE TOLERABILITY1-6

The NINLARO regimen extended median PFS by ~6 months vs the Rd
regimen.* Median PFS: 20.6 vs 14.7 months for the NINLARO and Rd
regimens, respectively; HR=0.74 (95% CI, 0.59-0.94); P=0.012.1,4†

Continuous treatment with a proteasome inhibitor (PI)-based
regimen is associated with clinical benefits in multiple myeloma.1,7,8

*The NINLARO regimen included NINLARO+lenalidomide+dexamethasone. The Rd regimen included
placebo+lenalidomide+dexamethasone.
TOURMALINE-MM1: a global, phase 3, randomized (1:1), double-blind, placebo-controlled study
that evaluated the safety and efficacy of NINLARO (an oral PI) vs placebo, both in combination with
lenalidomide and dexamethasone, until disease progression or unacceptable toxicity in 722 patients
with relapsed and/or refractory multiple myeloma who received 1-3 prior therapies.1,4

†

NINLARO is indicated in combination with lenalidomide and dexamethasone for
the treatment of patients with multiple myeloma who have received at least one
prior therapy.

NinlaroHCP.com

IMPORTANT SAFETY INFORMATION
WARNINGS AND PRECAUTIONS
• Thrombocytopenia has been reported with NINLARO. During treatment, monitor platelet counts at least monthly, and
consider more frequent monitoring during the first three cycles. Manage thrombocytopenia with dose modifications
and platelet transfusions as per standard medical guidelines. Adjust dosing as needed. Platelet nadirs typically occurred
between Days 14-21 of each 28-day cycle and recovered to baseline by the start of the next cycle.
• Gastrointestinal Toxicities, including diarrhea, constipation, nausea and vomiting, were reported with NINLARO and
may occasionally require the use of antidiarrheal and antiemetic medications, and supportive care. Diarrhea resulted in
the discontinuation of one or more of the three drugs in 1% of patients in the NINLARO regimen and < 1% of patients in
the placebo regimen. Adjust dosing for severe symptoms.
Please see additional Important Safety Information
on the next page and accompanying Brief Summary.
All trademarks are property of their respective owners.
©2021 Takeda Pharmaceuticals U.S.A., Inc. All rights reserved.
10/21 USO-IXA-0248



• Peripheral Neuropathy (predominantly sensory) was
reported with NINLARO. The most commonly reported
reaction was peripheral sensory neuropathy (19% and
14% in the NINLARO and placebo regimens, respectively).
Peripheral motor neuropathy was not commonly
reported in either regimen (< 1%). Peripheral neuropathy
resulted in discontinuation of one or more of the three
drugs in 1% of patients in both regimens. Monitor
patients for symptoms of peripheral neuropathy and
adjust dosing as needed.
• Peripheral Edema was reported with NINLARO. Monitor
for fluid retention. Investigate for underlying causes
when appropriate and provide supportive care as
necessary. Adjust dosing of dexamethasone per its
prescribing information or NINLARO for Grade 3 or 4
symptoms.
• Cutaneous Reactions: Rash, most commonly maculopapular and macular rash, was reported with NINLARO.
Rash resulted in discontinuation of one or more of the
three drugs in < 1% of patients in both regimens. Manage
rash with supportive care or with dose modification.
• Thrombotic Microangiopathy: Cases, sometimes fatal,
of thrombotic microangiopathy, including thrombotic
thrombocytopenic purpura/hemolytic uremic syndrome
(TTP/HUS), have been reported in patients who received
NINLARO. Monitor for signs and symptoms of TTP/HUS.
If the diagnosis is suspected, stop NINLARO and evaluate.
If the diagnosis of TTP/HUS is excluded, consider
restarting NINLARO. The safety of reinitiating NINLARO
therapy in patients previously experiencing TTP/HUS is
not known.
• Hepatotoxicity has been reported with NINLARO.
Drug-induced liver injury, hepatocellular injury, hepatic
steatosis, hepatitis cholestatic and hepatotoxicity have
each been reported in < 1% of patients treated with
NINLARO. Events of liver impairment have been reported
(6% in the NINLARO regimen and 5% in the placebo
regimen). Monitor hepatic enzymes regularly during
treatment and adjust dosing as needed.

DRUG INTERACTIONS: Avoid concomitant administration
of NINLARO with strong CYP3A inducers.
SPECIAL POPULATIONS
• Hepatic Impairment: Reduce the NINLARO starting dose
to 3 mg in patients with moderate or severe hepatic
impairment.
• Renal Impairment: Reduce the NINLARO starting dose to
3 mg in patients with severe renal impairment or endstage renal disease requiring dialysis. NINLARO is not
dialyzable.
• Lactation: Advise women not to breastfeed during
treatment with NINLARO and for 90 days after the
last dose.
REFERENCES: 1. Moreau P, Masszi T, Grzasko N, et al; for TOURMALINE-MM1
Study Group. Oral ixazomib, lenalidomide, and dexamethasone for multiple
myeloma. N Engl J Med. 2016;374(17):1621-1634. 2. NINLARO. Prescribing
Information. Takeda Pharmaceutical Company Limited; 3/2021. 3. Manda
S, Yimer HA, Noga SJ, et al. Feasibility of long-term proteasome inhibition in
multiple myeloma by in-class transition from bortezomib to ixazomib. Clin
Lymphoma Myeloma Leuk. 2020;20(11):e910-e925. 4. Terpos E, Ramasamy
K, Maouche N, et al. Real-world effectiveness and safety of ixazomiblenalidomide-dexamethasone in relapsed/refractory multiple myeloma. Ann
Hematol. 2020;99(5):1049-1061. 5. Hájek R, Minař.k J, Straub J, et al. Ixazomiblenalidomide-dexamethasone in routine clinical practice: effectiveness in
relapsed/refractory multiple myeloma. Future Oncol. Published online March
26, 2021. doi:10.2217/fon-2020-1225. 6. Minarik J, Pika T, Radocha J, et al.
Survival benefit of ixazomib, lenalidomide and dexamethasone (IRD) over
lenalidomide and dexamethasone (Rd) in relapsed and refractory multiple
myeloma patients in routine clinical practice. BMC Cancer. 2021;21(1):7. 7.
Gandolfi S, Laubach JP, Hideshima T, Chauhan D, Anderson KC, Richardson
PG. The proteasome and proteasome inhibitors in multiple myeloma. Cancer
Metastasis Rev. 2017;36(4):561-584. 8. Palumbo A, Gay F, Cavallo F, et al.
Continuous therapy versus fixed duration of therapy in patients with newly
diagnosed multiple myeloma. J Clin Oncol. 2015;33(30):3459-3466.

Please see accompanying Brief Summary on the
following pages.

• Embryo-fetal Toxicity: Advise pregnant women of the
potential risk to a fetus. Advise females of reproductive
potential to use effective non-hormonal contraception
during treatment with NINLARO and for 90 days
following the final dose. Advise males with female
partners of reproductive potential to use effective
contraception during treatment with NINLARO and for
90 days following the final dose. NINLARO can cause
fetal harm.
ADVERSE REACTIONS
The most common adverse reactions (≥ 20%) in the
NINLARO regimen and greater than the placebo regimen,
respectively, were diarrhea (42%, 36%), constipation (34%,
25%), thrombocytopenia (78%, 54%; pooled from adverse
events and laboratory data), peripheral neuropathy (28%,
21%), nausea (26%, 21%), peripheral edema (25%, 18%),
vomiting (22%, 11%), and back pain (21%, 16%). Serious
adverse reactions reported in ≥ 2% of patients included
thrombocytopenia (2%) and diarrhea (2%).



BRIEF SUMMARY OF PRESCRIBING INFORMATION
NINLARO (ixazomib) capsules, for oral use
1 INDICATION
NINLARO (ixazomib) is indicated in combination with lenalidomide and
dexamethasone for the treatment of patients with multiple myeloma who have
received at least one prior therapy.
5 WARNINGS AND PRECAUTIONS
5.1 Thrombocytopenia: Thrombocytopenia has been reported with NINLARO
with platelet nadirs typically occurring between Days 14-21 of each 28-day
cycle and recovery to baseline by the start of the next cycle. Three percent
of patients in the NINLARO regimen and 1% of patients in the placebo
regimen had a platelet count ≤ 10,000/mm3 during treatment. Less than 1% of
patients in both regimens had a platelet count ≤ 5000/mm3 during treatment.
Discontinuations due to thrombocytopenia were similar in both regimens (< 1%
of patients in the NINLARO regimen and 2% of patients in the placebo regimen
discontinued one or more of the three drugs).The rate of platelet transfusions
was 6% in the NINLARO regimen and 5% in the placebo regimen.
Monitor platelet counts at least monthly during treatment with NINLARO.
Consider more frequent monitoring during the first three cycles. Manage
thrombocytopenia with dose modifications and platelet transfusions as per
standard medical guidelines.
5.2 Gastrointestinal Toxicities: Diarrhea, constipation, nausea, and vomiting,
have been reported with NINLARO, occasionally requiring use of antidiarrheal
and antiemetic medications, and supportive care. Diarrhea was reported in 42%
of patients in the NINLARO regimen and 36% in the placebo regimen,
constipation in 34% and 25%, respectively, nausea in 26% and 21%,
respectively, and vomiting in 22% and 11%, respectively. Diarrhea resulted in
discontinuation of one or more of the three drugs in 1% of patients in the
NINLARO regimen and < 1% of patients in the placebo regimen. Adjust dosing
for Grade 3 or 4 symptoms.
5.3 Peripheral Neuropathy: The majority of peripheral neuropathy adverse
reactions were Grade 1 (18% in the NINLARO regimen and 14% in the placebo
regimen) and Grade 2 (8% in the NINLARO regimen and 5% in the placebo
regimen). Grade 3 adverse reactions of peripheral neuropathy were reported at
2% in both regimens; there were no Grade 4 or serious adverse reactions.
The most commonly reported reaction was peripheral sensory neuropathy (19%
and 14% in the NINLARO and placebo regimen, respectively). Peripheral motor
neuropathy was not commonly reported in either regimen (< 1%). Peripheral
neuropathy resulted in discontinuation of one or more of the three drugs in 1%
of patients in both regimens. Patients should be monitored for symptoms of
neuropathy. Patients experiencing new or worsening peripheral neuropathy may
require dose modification.
5.4 Peripheral Edema: Peripheral edema was reported in 25% and 18% of
patients in the NINLARO and placebo regimens, respectively. The majority
of peripheral edema adverse reactions were Grade 1 (16% in the NINLARO
regimen and 13% in the placebo regimen) and Grade 2 (7% in the NINLARO
regimen and 4% in the placebo regimen).
Grade 3 peripheral edema was reported in 2% and 1% of patients in the
NINLARO and placebo regimens, respectively. There was no Grade 4 peripheral
edema reported. There were no discontinuations reported due to peripheral
edema. Evaluate for underlying causes and provide supportive care, as
necessary. Adjust dosing of dexamethasone per its prescribing information or
NINLARO for Grade 3 or 4 symptoms.
5.5 Cutaneous Reactions: Rash was reported in 19% of patients in the
NINLARO regimen and 11% of patients in the placebo regimen. The majority of
the rash adverse reactions were Grade 1 (10% in the NINLARO regimen and 7%
in the placebo regimen) or Grade 2 (6% in the NINLARO regimen and 3% in the
placebo regimen). Grade 3 rash was reported in 3% of patients in the NINLARO
regimen and 1% of patients in the placebo regimen. There were no Grade 4 or
serious adverse reactions of rash reported. The most common type of rash
reported in both regimens included maculo-papular and macular rash. Rash
resulted in discontinuation of one or more of the three drugs in < 1% of patients
in both regimens. Manage rash with supportive care or with dose modification
if Grade 2 or higher.
5.6 Thrombotic Microangiopathy: Cases, sometimes fatal, of thrombotic
microangiopathy, including thrombotic thrombocytopenic purpura/hemolytic
uremic syndrome (TTP/HUS), have been reported in patients who received
NINLARO. Monitor for signs and symptoms of TTP/HUS. If the diagnosis is
suspected, stop NINLARO and evaluate. If the diagnosis of TTP/HUS is excluded,
consider restarting NINLARO. The safety of reinitiating NINLARO therapy in
patients previously experiencing TTP/HUS is not known.
5.7 Hepatotoxicity: Drug-induced liver injury, hepatocellular injury, hepatic
steatosis, hepatitis cholestatic and hepatotoxicity have each been reported in
< 1% of patients treated with NINLARO. Events of liver impairment have been
reported (6% in the NINLARO regimen and 5% in the placebo regimen). Monitor
hepatic enzymes regularly and adjust dosing for Grade 3 or 4 symptoms.

5.8 Embryo-Fetal Toxicity: NINLARO can cause fetal harm when administered
to a pregnant woman based on the mechanism of action and findings in animal
studies. Ixazomib caused embryo-fetal toxicity in pregnant rats and rabbits at
doses resulting in exposures that were slightly higher than those observed in
patients receiving the recommended dose. Advise pregnant women of the
potential risk to a fetus. Advise females of reproductive potential to use effective
non-hormonal contraception during treatment with NINLARO and for 90 days
following the final dose. Advise males with female partners of reproductive
potential to use effective contraception during treatment with NINLARO and for
90 days following the final dose.
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 population from the randomized, double-blind, placebo-controlled
clinical study included 720 patients with relapsed and/or refractory multiple
myeloma, who received NINLARO in combination with lenalidomide and
dexamethasone (NINLARO regimen; N=360) or placebo in combination with
lenalidomide and dexamethasone (placebo regimen; N=360).
The most frequently reported adverse reactions (≥ 20%) in the NINLARO
regimen and greater than the placebo regimen were diarrhea, constipation,
thrombocytopenia, peripheral neuropathy, nausea, peripheral edema,
vomiting, and back pain. Serious adverse reactions reported in ≥ 2% of
patients included thrombocytopenia (2%) and diarrhea (2%). For each
adverse reaction, one or more of the three drugs was discontinued in ≤ 1%
of patients in the NINLARO regimen.
Table 4: Non-Hematologic Adverse Reactions Occurring in ≥ 5% of
Patients with a ≥ 5% Difference Between the NINLARO Regimen and the
Placebo Regimen (All Grades, Grade 3 and Grade 4)
NINLARO +
Lenalidomide and
Dexamethasone
N=360

Placebo +
Lenalidomide and
Dexamethasone
N=360

N (%)

N (%)

System Organ Class /
Preferred Term
All
Infections and infestations
Upper respiratory tract
infection
69 (19)
Nervous system disorders
Peripheral neuropathies*
100 (28)
Gastrointestinal disorders
Diarrhea
151 (42)
Constipation
122 (34)
Nausea
92 (26)
Vomiting
79 (22)
Skin and subcutaneous
tissue disorders
Rash*
68 (19)
Musculoskeletal and
connective tissue disorders
Back pain
74 (21)
General disorders and
administration site conditions
Edema peripheral
91 (25)

Grade
3

Grade
4

All

Grade
3

Grade
4

1 (< 1)

0

52 (14)

2 (< 1)

0

7 (2)

0

77 (21)

7 (2)

0

22 (6)
1 (< 1)
6 (2)
4 (1)

0
0
0
0

130 (36)
90 (25)
74 (21)
38 (11)

8 (2)
1 (< 1)

0
2 (< 1)

0
0
0
0

9 (3)

0

38 (11)

5 (1)

0

2 (< 1)

0

57 (16)

9 (3)

0

8 (2)

0

66 (18)

4 (1)

0

Note: Adverse reactions included as preferred terms are based on MedDRA
version 16.0.
*Represents a pooling of preferred terms

Table 5 represents pooled information from adverse event and laboratory data.
Table 5: Thrombocytopenia and Neutropenia
NINLARO +
Lenalidomide and
Dexamethasone
N=360
N (%)
Any Grade Grade 3-4
Thrombocytopenia
Neutropenia

281 (78)
240 (67)

93 (26)
93 (26)

Placebo +
Lenalidomide and
Dexamethasone
N=360
N (%)
Any Grade Grade 3-4
196 (54)
239 (66)

39 (11)
107 (30)

Herpes Zoster
Herpes zoster was reported in 4% of patients in the NINLARO regimen and 2%
of patients in the placebo regimen. Antiviral prophylaxis was allowed at the
healthcare provider’s discretion. Patients treated in the NINLARO regimen who
(Continued on next page)

Brief Summary (cont’d)
received antiviral prophylaxis had a lower incidence (< 1%) of herpes zoster
infection compared to patients who did not receive prophylaxis (6%).
Eye Disorders
Eye disorders were reported with many different preferred terms but in
aggregate, the frequency was 26% in patients in the NINLARO regimen and
16% of patients in the placebo regimen. The most common adverse reactions
were blurred vision (6% in the NINLARO regimen and 3% in the placebo
regimen), dry eye (5% in the NINLARO regimen and 1% in the placebo regimen),
and conjunctivitis (6% in the NINLARO regimen and 1% in the placebo regimen).
Grade 3 adverse reactions were reported in 2% of patients in the NINLARO
regimen and 1% in the placebo regimen.
Adverse Reactions Reported Outside of the Randomized Controlled Trial
The following serious adverse reactions have each been reported at a frequency
of < 1%: acute febrile neutrophilic dermatosis (Sweet’s syndrome), StevensJohnson syndrome, transverse myelitis, posterior reversible encephalopathy
syndrome, tumor lysis syndrome, and thrombotic thrombocytopenic purpura.
7 DRUG INTERACTIONS
7.1 Strong CYP3A Inducers: Avoid concomitant administration of NINLARO
with strong CYP3A inducers (such as rifampin, phenytoin, carbamazepine, and
St. John’s Wort).
8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy:
Risk Summary: Based on its mechanism of action and data from animal
reproduction studies, NINLARO can cause fetal harm when administered to a
pregnant woman. There are no available data on NINLARO use in pregnant
women to evaluate drug-associated risk. Ixazomib caused embryo-fetal toxicity
in pregnant rats and rabbits at doses resulting in exposures that were slightly
higher than those observed in patients receiving the recommended dose. 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 2-4% and 15-20%, respectively. Animal
Data: In an embryo-fetal development study in pregnant rabbits there were
increases in fetal skeletal variations/abnormalities (caudal vertebrae, number of
lumbar vertebrae, and full supernumerary ribs) at doses that were also maternally
toxic (≥ 0.3 mg/kg). Exposures in the rabbit at 0.3 mg/kg were 1.9 times the clinical
time averaged exposures at the recommended dose of 4 mg. In a rat dose
range-finding embryo-fetal development study, at doses that were maternally
toxic, there were decreases in fetal weights, a trend towards decreased fetal
viability, and increased post-implantation losses at 0.6 mg/kg. Exposures in
rats at the dose of 0.6 mg/kg was 2.5 times the clinical time averaged exposures
at the recommended dose of 4 mg.
8.2 Lactation: Risk Summary: There are no data on the presence of ixazomib
or its metabolites in human milk, the effects of the drug on the breastfed
infant, or the effects of the drug on milk production. Because of the potential
for serious adverse reactions from NINLARO in a breastfed infant, advise
women not to breastfeed during treatment with NINLARO and for 90 days
after the last dose.
8.3 Females and Males of Reproductive Potential: NINLARO can cause fetal
harm when administered to pregnant women. Pregnancy Testing: Verify
pregnancy status in females of reproductive potential prior to initiating
NINLARO. Contraception: Females: Advise females of reproductive potential to
use effective non-hormonal contraception during treatment with NINLARO and
for 90 days after the final dose. Dexamethasone is known to be a weak to
moderate inducer of CYP3A4 as well as other enzymes and transporters.
Because NINLARO is administered with dexamethasone, the risk for reduced
efficacy of contraceptives needs to be considered. Males: Advise males with
female partners of reproductive potential to use effective contraception during
treatment with NINLARO and for 90 days after the final dose.
8.4 Pediatric Use: Safety and effectiveness have not been established in
pediatric patients.
8.5 Geriatric Use: Of the total number of subjects in clinical studies of
NINLARO, 55% were 65 and over, while 17% were 75 and over. No overall
differences in safety or effectiveness were observed between these subjects
and younger subjects, and other reported clinical experience has not identified
differences in responses between the elderly and younger patients, but greater
sensitivity of some older individuals cannot be ruled out.
8.6 Hepatic Impairment: In patients with moderate or severe hepatic impairment,
the mean AUC increased by 20% when compared to patients with normal hepatic
function. Reduce the starting dose of NINLARO in patients with moderate or severe
hepatic impairment.
8.7 Renal Impairment: In patients with severe renal impairment or ESRD requiring
dialysis, the mean AUC increased by 39% when compared to patients with normal
renal function. Reduce the starting dose of NINLARO in patients with severe renal
impairment or ESRD requiring dialysis. NINLARO is not dialyzable and therefore
can be administered without regard to the timing of dialysis.
10 OVERDOSAGE: Overdosage, including fatal overdosage, has been reported
in patients taking NINLARO. Manifestations of overdosage include adverse
reactions reported at the recommended dosage. Serious adverse reactions
reported with overdosage include severe nausea, vomiting, diarrhea, aspiration

pneumonia, multiple organ failure and death.
In the event of an overdosage, monitor for adverse reactions and provide
appropriate supportive care. NINLARO is not dialyzable.
17 PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Patient Information).
Dosing Instructions
• Instruct patients to take NINLARO exactly as prescribed.
• Advise patients to take NINLARO once a week on the same day and at
approximately the same time for the first three weeks of a four week cycle.
The importance of carefully following all dosage instructions should be
discussed with patients starting treatment. Advise patients to take the
recommended dosage as directed, because overdosage has led to deaths.
• Advise patients to take NINLARO at least one hour before or at least two
hours after food.
• Advise patients that NINLARO and dexamethasone should not be taken at the
same time, because dexamethasone should be taken with food and
NINLARO should not be taken with food.
• Advise patients to swallow the capsule whole with water. The capsule should
not be crushed, chewed or opened.
• Advise patients that direct contact with the capsule contents should be
avoided. In case of capsule breakage, avoid direct contact of capsule
contents with the skin or eyes. If contact occurs with the skin, wash
thoroughly with soap and water. If contact occurs with the eyes, flush
thoroughly with water.
• If a patient misses a dose, advise them to take the missed dose as long as
the next scheduled dose is ≥ 72 hours away. Advise patients not to take a
missed dose if it is within 72 hours of their next scheduled dose.
• If a patient vomits after taking a dose, advise them not to repeat the dose but
resume dosing at the time of the next scheduled dose.
• Advise patients to store capsules in original packaging, and not to remove the
capsule from the packaging until just prior to taking NINLARO.
Thrombocytopenia: Advise patients that they may experience low platelet
counts (thrombocytopenia). Signs of thrombocytopenia may include bleeding
and easy bruising [see Warnings and Precautions (5.1)].
Gastrointestinal Toxicities: Advise patients they may experience diarrhea,
constipation, nausea and vomiting and to contact their healthcare providers
if these adverse reactions persist [see Warnings and Precautions (5.2)].
Peripheral Neuropathy: Advise patients to contact their healthcare providers if
they experience new or worsening symptoms of peripheral neuropathy such as
tingling, numbness, pain, a burning feeling in the feet or hands, or weakness in
the arms or legs [see Warnings and Precautions (5.3)].
Peripheral Edema: Advise patients to contact their healthcare providers if they
experience unusual swelling of their extremities or weight gain due to swelling
[see Warnings and Precautions (5.4)].
Cutaneous Reactions: Advise patients to contact their healthcare providers if
they experience new or worsening rash [see Warnings and Precautions (5.5)].
Thrombotic Microangiopathy: Advise patients to seek immediate medical
attention if any signs or symptoms of thrombotic microangiopathy occur [see
Warnings and Precautions (5.6)].
Hepatotoxicity: Advise patients to contact their healthcare providers if they
experience jaundice or right upper quadrant abdominal pain [see Warnings and
Precautions (5.7)].
Other Adverse Reactions: Advise patients to contact their healthcare providers
if they experience signs and symptoms of acute febrile neutrophilic dermatosis
(Sweet’s syndrome), Stevens-Johnson syndrome, transverse myelitis, posterior
reversible encephalopathy syndrome, tumor lysis syndrome, and thrombotic
thrombocytopenic purpura [see Adverse Reactions (6.1)].
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 [see
Warnings and Precautions (5.8) and Use in Specific Populations (8.1)].
Advise females of reproductive potential to use effective contraception during
treatment with NINLARO and for 90 days following the final dose. Advise
women using hormonal contraceptives to also use a barrier method of
contraception [see Use in Specific Populations (8.1)].
Advise males with female partners of reproductive potential to use effective
contraception during treatment with NINLARO and for 90 days following the
final dose [see Use in Specific Populations (8.1)].
Lactation: Advise women not to breastfeed during treatment with NINLARO and
for 90 days after the final dose [see Use in Specific Populations (8.2)].
Concomitant Medications: Advise patients to speak with their healthcare
providers about any other medication they are currently taking and before
starting any new medications.
Please see full Prescribing Information for NINLARO at NINLAROhcp.com.
All trademarks are the property of their respective owners.
©2021 Millennium Pharmaceuticals, Inc., a wholly owned subsidiary of
Takeda Pharmaceutical Company Limited. All rights reserved.
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Tissue Is Still
the Issue
Pathology Expert Discusses
Clinical Needs in the Molecular Era

CANCER PATHOLOGY HAS UNDERGONE
radical changes in recent years. Analysis of
a seemingly small number of tumor types,
classed almost entirely by anatomic site, has
become analysis of dozens of tumor types, classified by a combination of genomic aberrations
and location. Pathologists who once performed
largely visual analysis now supplement their
eyes and experience with hard data from a
variety of assays.
But one fact remains constant: Your pathologist still wants better tissue samples. In the
lung cancer field, for example, shortcomings
in specimens provided to laboratories are a
significant cause of molecular testing failures,
according to findings from a survey conducted
by The International Association for the Study of
Lung Cancer (F I G U R E ).1
“It’s a cliché, but we always do want better
samples. There are all these challenges to working with tissue that just don’t exist for other
diagnostics like radiology, which gives you this
digital image that loads right into the record,
never degrades, and follows patients around
forever. If a biopsy is too small, it doesn’t give
you the data you need. If it’s not processed
correctly, it can get lost. If it’s placed in the
container carelessly, it can stick to the side,
dry up, and fall apart before you can analyze it.
And if any of these things happen, you either
get limited pathologic info, or you go back to
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number of other problems,” Sholl said. “There
the patient and set up another procedure,”
are countless variables that can create uncersaid Lynette M. Sholl, MD, in an interview
tainty in pathological analysis, and oncologists
with OncologyLive ® .
should have a sense of what those variables are.”
Sholl, an associate professor of pathology at
The conference also offers an opportunity
Harvard Medical School and a pathologist at
to explore biomarkers important to the treatBrigham and Women’s Hospital, both in Boston,
ment landscape in a range of tumor types. Sholl
Massachusetts, has spent much of her 20-year
believes that the genetic literacy so central to
career focusing on integrating molecular patholmolecular diagnostics is lacking in the oncology
ogy into oncology practice. A lung cancer
community. “It is essential to underspecialist, she has played a leading
stand the basics of mutations—germline
role in developing protocols for tissue
vs somatic—and [the implications for]
handling and workflows as well as in
an individual patient when we report
launching and validating assays and
out specifics around those mutations,
sequencing panels.
such as what a variant allele fraction
At the same time, Sholl has been an
means,” she said.
advocate of communication between
pathologists and other oncology
specialists to make the most of the
GETTING THE MOST OUT OF IHC
Jason Hornick,
treatment opportunities that molecular
Sholl, a graduate of Stanford University
MD, PhD
diagnostics can provide for patients.
School of Medicine, has been specialOn June 25, Sholl will cochair the
izing in pathology since her days as a resident
6th Annual International Congress on Oncology
at Brigham and Women’s Hospital in the
& Pathology™ : Toward Harmonization of
mid-2000s. Her fascination with analyzing
samples, however, started in childhood. Her
Pathology and Oncology Standards, a virtual,
mother occasionally brought home microscopes
interactive conference hosted by Physicians’
®
®
from the community hospital in Pennsylvania
Education Resource , LLC (PER ) (S I D E BAR ).
where she worked as a medical technologist and
“People think of pathology as generating very
let Sholl view specimens they collected together.
black and white results and sometimes it does,
“We’d look at things like water from the creek
but sometimes there’s a tremendous amount of
near our house, and we’d find things like protouncertainty because the specimen wasn’t well
zoa,” Sholl said. “It didn’t lead me straight to
fixed or it’s an intermediate-grade tumor or any

PHOTO BY CYNTHIA AUGUST

by ANDREW D. SMITH

© NATIONAL CANCER INSTITUTE

Pathology
medicine, but it may have laid the foundation for
my ultimate career choice. I did have a predilection for looking down a microscope from the
earliest preclinical coursework we had in medical school. I felt like I got what was going on, in
contrast to a couple of my classmates who would
have a panic attack whenever a microscope was
placed in front of them.”
That predilection for looking down a microscope ultimately led to a career that balances
clinical practice with research focusing on
identifying pathologic, immunohistochemical, genetic, and genomic markers that will
improve the classification of lung cancer and
provide predictive information regarding prognosis and therapy.
“My research focuses on practical applications, ways to use molecular information as a
ground truth that informs H&E [hematoxylin
and eosin] histology to make it more accurate
and informative, to allow people to distinguish
between things that look very similar and parse
out fine details of what they’re actually seeing,”
Sholl said. “For instance, if you can take specific
molecular markers that you see more commonly
in one tumor type vs another and then find a
protein correlate that you can find via immuno
histochemistry [IHC], you can identify the
tumor type in a day rather than waiting for
molecular testing, and that’s a really powerful
way to aid in diagnosis.”
Sholl helped to do just that with ALK gene
rearrangements that predict response to ALK
inhibitors in patients with non–small cell
lung cancer (NSCLC). She worked to correlate
ALK gene fusions identified by next-generation sequencing (NGS) panels with ALK-related
protein expression that could be detected by
IHC. 2,3 Her laboratory also was the first to validate the clinical utility of IHC testing for ROS1
gene rearrangements in NSCLC.4
“It was a significant discovery because
immunohistochemistry is routinely available to
pathology labs around the world while most of
them do not yet have access to [molecular methods] or FISH [fluorescence in situ hybridization]
that had previously been necessary to identify targetable ALK rearrangements,” said Jason
Hornick, MD, PhD, director of surgical pathology and the immunohistochemistry laboratory
at Brigham and Women’s Hospital and a professor of pathology at Harvard Medical School.
“Even in places that have next-generation
sequencing, using immunohistochemistry to
identify actionable genetic alterations has a
significant advantage: time. The most efficient
labs take 2 weeks to return next-generation
sequencing tests, but we can return immunohistochemistry results in a day. That difference can
be important for patients with aggressive metastatic cancers.”

TAKING THE NEXT STEP WITH ddPCR
Sholl’s efforts to improve biomarker testing go
beyond IHC testing. Since 2012, she has served
as associate director of the Center for Advanced
Molecular Diagnostics (CAMD) at Brigham and
Women’s Hospital, where she helped validate
and launch droplet digital polymerase chain
reaction (ddPCR) assays.
The technology leverages advances in microfluidics to emulsify DNA with oil into thousands
of droplets that can then be analyzed via PCR
and flow cytometry.5 Sholl worked with Geoffrey
R. Oxnard, MD, and Cloud Paweletz, PhD,
from Dana-Farber Cancer Institute and Neal I.
Lindeman, MD, from CAMD on the assays.
The team developed a ddPCR assay to detect
EGFR sensitizing and resistance mutations in
plasma from patients with NSCLC and a similar
assay for identifying BRAF V600 mutations in
specimens from patients with metastatic melanoma. Investigators from these institutions were
the first to demonstrate that serial genotyping
using ddPCR of cell-free plasma DNA can signal
the development of resistance before clinical
presentation.5
Findings from further clinical analysis have
demonstrated that ddPCR technology can be
used to detect EGFR L858R mutations and exon
19 deletions in DNA isolated from plasma and
formalin-fixed paraffin-embedded tissue with a
faster turnaround time than NGS.
In February 2022, Sholl and colleagues
reported a median turnaround time for ddPCR of
6 days (range, 1-10) on tissue specimens and 4
days (range, 1-11) on plasma samples compared
with 13 days (range, 6-133) with NGS testing
using the OncoPanel tool. Data from the ddPCR
approach was 100% concordant with samples
analyzed through OncoPanel.6
However, the sensitivity of ddPCR was
53% on cell-free tumor DNA isolated from
plasma, a lower level than that observed in
other studies of the technology. Investigators
theorize that differences in patients’ cancer
stage and prior treatment may have affected
the assay’s detection performance. By contrast,
the OncoPanel’s sensitivity was 97.8% on single
nucleotide variants and 100% on all but 2 insertion and deletion variants (FLT3 and NPM1).
In addition to diagnostic technologies, Sholl
has focused on improving workflows to enable
more extensive biomarker testing. One of
these efforts is the LUNGCOR histology protocol, in which lab samples from lung biopsies
are prospectively identified for biomarker testing so that additional unstained slides can be
prepared and reserved for further study. In an
analysis of 300 specimens collected at Brigham
and Women’s Hospital, the LUNGCOR protocol resulted in an increase in the availability of
tissue for molecular testing and a reduction

F IGUR E . Bar rier s to Mo lec u lar Testing

in N SCLC 1

A lung cross section showing cancer
in the upper lobe.

Reasons for laboratory failure
to obtain results
138 US and Canadian respondents
to IASLC survey

85%
57%
16%
6%

■ Insufficient tumor cells provided
■ Inadequate tissue quality
■ Sensitivity of assay or assay use failure
■ Inadequate technical expertise in laboratory

Oncology professionals caring for patients with cancer
identified specimen quality as 1 of the top 5 barriers
to molecular testing in patients with non–small cell
lung cancer (NSCLC), according to an International
Association for the Study of Lung Cancer (IASLC)
survey. They also cited cost, access, turnaround time,
and lack of awareness.
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in the risk of sample inadequacy through
further handling.7
Sholl also is involved in helping to translate
diagnostic information into clinical practice.
She is scheduled to serve as the pathology
principal investigator on the Lung Cancer
Mutation Consortium’s next major study,
LCMC4 (NCT04712877). The planned umbrella
trial will screen samples from patients with
early-stage (IA2-III) NSCLC who are candidates for neoadjuvant therapy for 10 actionable
mutations and then assign therapy based on
whether there is a match. The study, which is
not yet recruiting participants, aims to enroll

1000 patients undergoing treatment at cancer
centers in 14 states.8
The landscape for treating patients with
NSCLC in the neoadjuvant setting is changing.
In March 2022, the FDA approved the combination of nivolumab (Opdivo), a PD-1 inhibitor,
plus platinum-doublet chemotherapy for patients
with resectable NSCLC (tumors ≥ 4 cm or node
positive). The decision marks the first time the
FDA has approved a neoadjuvant therapy for
early-stage NSCLC.9
The approval was based on findings from the
phase 3 CHECKMATE 816 trial (NCT02998528),
in which 358 patients with stage IB, II, or IIIA

SIDEBAR

Conference Takes a Practical
Look at Biomarkers
THE LATEST DATA GUIDING the use of
biomarkers for the diagnosis and risk stratification of a broad range of tumor types will
take center stage at the upcoming 6th Annual
International Congress on Oncology & Pathology™:
Toward Harmonization of Pathology and Oncology
Standards. The daylong conference, which
Physicians’ Education Resource®, LLC (PER®)
is hosting, will take place as a virtual, interactive event on Saturday, June 25, from 8 am
to 5:30 pm EDT.
The meeting is designed to bring together
pathologists and oncologists to discuss new
evidence and best practices for incorporating
personalized treatments into clinical paradigms.
The agenda features presentations on assessing
minimal residual disease in solid tumors and using
homologous recombination deficiency as a marker
for predicting response to therapy, as well as
updates for gastrointestinal, genitourinary, breast,
and lung cancer.
The discussions will be
shaped by findings presented
at the 2022 American Society
of Clinical Oncology Annual
Meeting, June 3 through June
7, enabling faculty members to
tap into the most up-to-date information, noted
Lynette M. Sholl, MD, who is serving as a cochair
of the PER® conference. Sholl is
an associate professor of pathology at Harvard Medical School
and a pathologist at Brigham
and Women’s Hospital, both in
Boston, Massachusetts.
Balazs Halmos, MD, MS, also will be cochairing the conference. He is director of the
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Multidisciplinary Thoracic Oncology Program
and director of the Section of Thoracic Medical
Oncology for Montefiore Health Systems, as well
as director of clinical cancer genetics and professor of clinical medicine at Albert Einstein College
of Medicine. Both institutions are located in the
Bronx, New York.
“One of the biggest challenges in pathology
is staying on top of the clinical trial space and
anticipating what new biomarker we’re going to
need to be able to bring into our practice tomorrow or even today,” Sholl said in an interview with
OncologyLive®. “We tend to go through a very
large number of updates every year because the
field is moving rapidly, and the goal is to present
all of the most important research since the previous conference.”
Sholl, who specializes in lung cancer diagnostics, said updates involving PD-L1 expression
testing in patients who are candidates for PD-1/
PD-L1–targeting immunotherapies would likely
be an area of discussion. The FDA has approved
3 PD-L1 immunohistochemistry assays to select
patients for immunotherapy.1 “We’ve seen an
evolution to simplify the space of companion diagnostics paired to specific drugs. That still exists,
but I think we’re seeing a movement toward
accepting that many of the [PD-L1] assays are
relatively interchangeable.”
For further information about the meeting,
visit bit.ly/3j4WPWC.
REFERENCE
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tumors were randomly assigned to receive platinum-doublet chemotherapy with or without
nivolumab every 3 weeks for up to 3 cycles. The
median event-free survival was 31.6 months
(95% CI, 30.2-not reached) with the nivolumab-containing regimen compared with 20.8
months (95% CI, 14.0-26.7) for chemotherapy
alone (HR, 0.63; 97.38% CI, 0.43-0.91;
P = .0052). The pathologic complete response
rate was 24% (95% CI, 18.0-31.0) with nivolumab
plus chemotherapy and 2.2% (95% CI, 0.6-5.6)
with chemotherapy alone.9
Sholl said the key considerations for the newly
approved therapy are “less about the biomarker
and more about developing a robust process for
response assessment following immunotherapy
in the neoadjuvant setting.”

INTEGRATING ctDNA TESTING
INTO PRACTICE
Given both the shortage of pathologists10 and
the relative difficulty of obtaining tissue
rather than blood for testing, investigators are
exploring strategies for replacing labor-intensive aspects of anatomical or tissue-related
pathology with automated tests from clinical
pathology. Among the most promising strategies
is analyzing circulating tumor DNA (ctDNA)
from blood samples to identify the mutations
that should drive treatment.
“The impact has been hard to quantify, but I
suspect that we have already had some decrease
in primary molecular diagnostics requests
on tissue. Oncologists will often check ctDNA
before tissue because you can draw the blood
faster than you can schedule a biopsy, and if
the patient has a sufficient burden of ctDNA in
their blood, the oncologists will get the relevant predictive biomarker information from the
plasma sample,” said Sholl.
She noted, however, that current limitations
of ctDNA testing restrict their ability to replace
assays performed on tissue samples. “The big
caveat,” Sholl said, “is that not all tumors shed
enough DNA into the blood for good analysis. If
a patient has a tumor that doesn’t shed much, a
plasma test is not going to be informative. So one
of the challenges that clinicians face is knowing when they do or do not have an informative
ctDNA test, and it’s not always easy to tell. You
can pick up [information] that may be common
in, say, myeloid lineages and incorrectly think
that you are capturing some information about
your patient’s lung cancer, for instance. You
need some degree of sophistication in terms of
what you can act on as a predictive biomarker
in the blood and when you need to proceed to
getting a proper tissue sample to profile.”
In most cases, Sholl believes that ctDNA tests
are optimally used as complements rather than
substitutes for tissue-based assays.
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“Tissue and the ctDNA plasma tests can give
you different information, so ctDNA info can
be a valuable addition,” she said. “There can
be tremendous heterogeneity in tumor biology at different tumor sites. Patients may have
multiple different relevant mutations in different places, and you’re not going to get that from
tissue taken from 1 site. On the other hand, with
tissue profiling, you know more about the tumor
biology, and, of course, you know exactly where
the tumor with that biology is. With plasma
tests, you have to infer where those variants
you’re seeing are coming from.”
The value of ctDNA testing is likely to grow
as the testing industry matures. “Among the
big challenges with ctDNA testing in clinical
practice right now is that it’s decentralized and
unstandardized and not very user friendly. You
put the sample in the mail, and when the results
come back, they’re often in a PDF or something
else that isn’t searchable and isn’t easy to enter
into the fixed fields of the medical record, so
there’s a lot of information that’s not getting
used like it should because it’s hard to find,”
Sholl said. “As that improves, the tests will be
better utilized.”

EMPHASIZING TEAMWORK
Sholl’s work occasionally brings her into direct
contact with patients, sometimes when an

“You need some degree of
sophistication in terms of
what you can act on as a
predictive biomarker in the
blood and when you need to
proceed to getting a proper
tissue sample to profile.”

oncologist wants help explaining a particularly
complex pathology report or when a patient has
questions the oncologist cannot answer. For
the most part, however, Sholl’s clients are other
physicians who rely upon the information she
provides. Working like this, at one step removed
from the patient, may partially insulate pathologists from the intense emotions of treating
patients with cancer, but only partially.
“You do have a bit more distance than the
medical oncologist or the surgeon would, but
you’re not immune,” Sholl said. “I see literally
thousands of potentially tragic situations over
the course of the year. When I’m rendering this
new diagnosis of lung cancer, and not just lung
cancer but hideous metastatic lung cancer, and
then I look down at the demographic information and see it’s a 28-year-old woman with a
young child, it’s hard. And sometimes, I get
10 of those in a row. And it’s terrible.”
For pathologists, the challenge is to understand exactly what information different
specialists need and to provide it in a way
that allows them to make the best treatment decisions. “I think, as a pathologist,
you have to demonstrate a level of humility
and willingness to seek additional opinions
because the complexity of the human body
is sort of mind boggling…So reaching out to
colleagues throughout the department is often
really critical.” ■
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FOR YOUR ADULT PATIENTS WITH PLATINUMRESPONSIVE ADVANCED OVARIAN CANCER 1

IF SHE RESPONDS
TO CHEMOTHERAPY

ZEJULA is the only once-daily oral PARP inhibitor
maintenance monotherapy approved for all eligible
first-line platinum responders with advanced ovarian
cancer, regardless of biomarker status1-4
Indication
ZEJULA is indicated for the maintenance treatment of adult patients with
advanced epithelial ovarian, fallopian tube, or primary peritoneal cancer who
are in a complete or partial response to first-line platinum-based chemotherapy.

Important Safety Information
Myelodysplastic syndrome/acute myeloid leukemia (MDS/AML),
including some fatal cases, was reported in 15 patients (0.8%) out of
1,785 patients treated with ZEJULA monotherapy in clinical trials. The
duration of therapy in patients who developed secondary MDS/cancer
therapy-related AML varied from 0.5 months to 4.9 years. These patients
had received prior chemotherapy with platinum agents and/or other
DNA-damaging agents including radiotherapy. Discontinue ZEJULA if
MDS/AML is confirmed.
Hematologic adverse reactions (thrombocytopenia, anemia, neutropenia,
and/or pancytopenia) have been reported in patients receiving ZEJULA. In
PRIMA, the overall incidence of Grade ≥3 thrombocytopenia, anemia, and
neutropenia were reported, respectively, in 39%, 31%, and 21% of patients
receiving ZEJULA. Discontinuation due to thrombocytopenia, anemia,
and neutropenia occurred, respectively, in 4%, 2%, and 2% of patients.
In patients who were administered a starting dose of ZEJULA based on
baseline weight or platelet count, Grade ≥3 thrombocytopenia, anemia,
and neutropenia were reported, respectively, in 22%, 23%, and 15% of
patients receiving ZEJULA. Discontinuation due to thrombocytopenia,
anemia, and neutropenia occurred, respectively, in 3%, 3%, and 2%
of patients. Do not start ZEJULA until patients have recovered from
hematological toxicity caused by prior chemotherapy (≤Grade 1). Monitor
complete blood counts weekly for the first month, monthly for the next
11 months, and periodically thereafter. If hematological toxicities do not
resolve within 28 days following interruption, discontinue ZEJULA, and
refer the patient to a hematologist for further investigations.

Hypertension and hypertensive crisis have been reported in patients
receiving ZEJULA. In PRIMA, Grade 3-4 hypertension occurred in 6%
of patients receiving ZEJULA vs 1% of patients receiving placebo, with
no reported discontinuations. Monitor blood pressure and heart rate at
least weekly for the first two months, then monthly for the first year, and
periodically thereafter during treatment with ZEJULA. Closely monitor
patients with cardiovascular disorders, especially coronary insufficiency,
cardiac arrhythmias, and hypertension. Manage hypertension with
antihypertensive medications and adjustment of the ZEJULA dose, if
necessary.
Posterior reversible encephalopathy syndrome (PRES) occurred in
0.1% of 2,165 patients treated with ZEJULA in clinical trials and has
also been described in postmarketing reports. Monitor all patients for
signs and symptoms of PRES, which include seizure, headache, altered
mental status, visual disturbance, or cortical blindness, with or without
associated hypertension. Diagnosis requires confirmation by brain
imaging. If suspected, promptly discontinue ZEJULA and administer
appropriate treatment. The safety of reinitiating ZEJULA is unknown.
Embryo-fetal toxicity and lactation: Based on its mechanism of action,
ZEJULA can cause fetal harm. Advise females of reproductive potential
of the potential risk to a fetus and to use effective contraception during
treatment and for 6 months after receiving their final dose of ZEJULA.
Because of the potential for serious adverse reactions from ZEJULA
in breastfed infants, advise lactating women not to breastfeed during
treatment with ZEJULA and for 1 month after receiving the final dose.

YOU RESPOND
WITH ZEJULA1

PROVEN EFFICACY IN 1L MAINTENANCE
REGARDLESS OF BIOMARKER STATUS1,2
OVERALL POPULATION

HRd POPULATION

(N=733)

(n=373)

Reduction in the risk
of progression or death

Reduction in the risk
of progression or death

MEDIAN PFS: 13.8 MONTHS WITH ZEJULA
VS 8.2 MONTHS WITH PLACEBO
(HR, 0.62; 95% CI, 0.50-0.76) P<0.0001

MEDIAN PFS: 21.9 MONTHS WITH ZEJULA
VS 10.4 MONTHS WITH PLACEBO
(HR, 0.43; 95% CI, 0.31-0.59) P<0.0001

Study Design1,2: PRIMA, a randomized, double-blind, placebo-controlled phase 3 trial, evaluated the safety and efficacy of ZEJULA in women
(N=733) with newly diagnosed advanced epithelial ovarian, fallopian tube, or primary peritoneal cancer following CR or PR to first-line platinum-based
chemotherapy. Patients were randomized 2:1 to receive ZEJULA or placebo once daily. The primary endpoint was PFS in patients who had tumors
that were HRd and then in the overall population, as determined on hierarchical testing. PFS was measured from time of randomization to time of
disease progression or death. At the time of the PFS analysis, limited overall survival data were available with 11% deaths in the overall population.

Important Safety Information (continued)
Allergic reactions to FD&C Yellow No. 5 (tartrazine): ZEJULA capsules
contain FD&C Yellow No. 5 (tartrazine), which may cause allergic-type
reactions (including bronchial asthma) in certain susceptible persons.
Although the overall incidence in the general population is low, it is
frequently seen in patients who also have aspirin hypersensitivity.
The most common adverse reactions (Grades 1-4) in ≥10% of all
patients who received ZEJULA in PRIMA were thrombocytopenia
(66%), anemia (64%), nausea (57%), fatigue (51%), neutropenia
(42%), constipation (40%), musculoskeletal pain (39%), leukopenia
(28%), headache (26%), insomnia (25%), vomiting (22%), dyspnea
(22%), decreased appetite (19%), dizziness (19%), cough (18%),
hypertension (18%), AST/ALT elevation (14%), and acute kidney
injury (12%).
Common lab abnormalities (Grades 1-4) in ≥25% of all patients
who received ZEJULA in PRIMA included: decreased hemoglobin
(87%), decreased platelets (74%), decreased leukocytes (71%),
increased glucose (66%), decreased neutrophils (66%), decreased
lymphocytes (51%), increased alkaline phosphatase (46%),

increased creatinine (40%), decreased magnesium (36%), increased
AST (35%), and increased ALT (29%).

Please see Brief Summary on the following pages.
References: 1. ZEJULA (niraparib). Prescribing Information. GlaxoSmithKline; 2021.
2. González-Martín A, Pothuri B, Vergote I, et al; PRIMA/ENGOT-OV26/GOG-3012
Investigators. Niraparib in patients with newly diagnosed advanced ovarian cancer.
N Engl J Med. 2019;381(25):2391-2402. doi:10.1056/NEJMoa1910962 3. Lynparza
(olaparib). Prescribing Information. AstraZeneca Pharmaceuticals LP; 2021.
4. Rubraca (rucaparib). Prescribing Information. Clovis Oncology, Inc; 2020.
1L = first-line; CI = confidence interval; CR = complete response; HR = hazard ratio;
HRd = homologous recombination deficient; PFS = progression-free survival;
PR = partial response.
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BRIEF SUMMARY OF PRESCRIBING INFORMATION
ZEJULA (niraparib) capsules, for oral use
The following is a brief summary only; see full prescribing
information for complete product information available at
www.ZEJULA.com.
1 INDICATIONS AND USAGE
1.1 First-Line Maintenance Treatment of Advanced Ovarian Cancer
ZEJULA is indicated for the maintenance treatment of adult patients
with advanced epithelial ovarian, fallopian tube, or primary
peritoneal cancer who are in a complete or partial response to firstline platinum-based chemotherapy.
1.2 Maintenance Treatment of Recurrent Ovarian Cancer
ZEJULA is indicated for the maintenance treatment of adult patients
with recurrent epithelial ovarian, fallopian tube, or primary peritoneal
cancer who are in a complete or partial response to platinum-based
chemotherapy.
1.3 Treatment of Advanced Ovarian Cancer after 3 or More
Chemotherapies
ZEJULA is indicated for the treatment of adult patients with advanced
ovarian, fallopian tube, or primary peritoneal cancer who have been
treated with 3 or more prior chemotherapy regimens and whose
cancer is associated with homologous recombination deficiency
(HRD) positive status defined by either:
• a deleterious or suspected deleterious BRCA mutation, or
• genomic instability and who have progressed more than
6 months after response to the last platinum-based
chemotherapy [see Clinical Studies (14.3) of full prescribing
information].
Select patients for therapy based on an FDA-approved companion
diagnostic for ZEJULA.
4 CONTRAINDICATIONS
None.
5 WARNINGS AND PRECAUTIONS
5.1 Myelodysplastic Syndrome/Acute Myeloid Leukemia
Myelodysplastic syndrome/acute myeloid leukemia (MDS/AML),
including cases with fatal outcome, have been reported in patients
who received monotherapy with ZEJULA in clinical trials. In 1,785
patients treated with ZEJULA in clinical trials, MDS/AML occurred in
15 patients (0.8%).
The duration of therapy with ZEJULA in patients who developed
secondary MDS/cancer therapy-related AML varied from 0.5 months
to 4.9 years. All of these patients had received previous chemotherapy
with platinum agents and/or other DNA-damaging agents including
radiotherapy. Discontinue ZEJULA if MDS/AML is confirmed.
5.2 Bone Marrow Suppression
Hematologic adverse reactions, including thrombocytopenia, anemia,
neutropenia, and/or pancytopenia have been reported in patients
treated with ZEJULA [see Adverse Reactions (6)].
In PRIMA, the overall incidences of ≥Grade 3 thrombocytopenia,
anemia, and neutropenia were reported in 39%, 31%, and 21%,
respectively, of patients receiving ZEJULA. Discontinuation due to
thrombocytopenia, anemia, and neutropenia occurred in 4%, 2%,
and 2%, respectively, of patients. In patients who were administered
a starting dose of ZEJULA based on baseline weight or platelet count,
≥Grade 3 thrombocytopenia, anemia, and neutropenia were reported
in 22%, 23%, and 15%, respectively, of patients receiving ZEJULA.
Discontinuation due to thrombocytopenia, anemia, and neutropenia
occurred in 3%, 3%, and 2%, respectively, of patients.
In NOVA, ≥Grade 3 thrombocytopenia, anemia, and neutropenia were
reported in 29%, 25%, and 20%, respectively, of patients receiving
ZEJULA. Discontinuation due to thrombocytopenia, anemia, and
neutropenia occurred in 3%, 1%, and 2%, respectively, of patients.
In QUADRA, ≥Grade 3 thrombocytopenia, anemia, and neutropenia
were reported in 28%, 27%, and 13%, respectively, of patients
receiving ZEJULA. Discontinuation due to thrombocytopenia, anemia,
and neutropenia occurred in 4%, 2%, and 1%, respectively, of
patients.
Do not start ZEJULA until patients have recovered from hematological
toxicity caused by previous chemotherapy (≤Grade 1). Monitor
complete blood counts weekly for the first month, monthly for the
next 11 months of treatment, and periodically after this time. If
hematological toxicities do not resolve within 28 days following

interruption, discontinue ZEJULA and refer the patient to a
hematologist for further investigations, including bone marrow
analysis and blood sample for cytogenetics [see Dosage and
Administration (2.3) of full prescribing information].
5.3 Hypertension and Cardiovascular Effects
Hypertension and hypertensive crisis have been reported in patients
treated with ZEJULA.
In PRIMA, Grade 3 to 4 hypertension occurred in 6% of patients
treated with ZEJULA compared with 1% of placebo-treated patients
with a median time from first dose to first onset of 43 days (range: 1
to 531 days) and with a median duration of 12 days (range: 1 to 61
days). There were no discontinuations due to hypertension.
In NOVA, Grade 3 to 4 hypertension occurred in 9% of patients treated
with ZEJULA compared with 2% of placebo-treated patients with a
median time from first dose to first onset of 77 days (range: 4 to 504
days) and with a median duration of 15 days (range: 1 to 86 days).
Discontinuation due to hypertension occurred in <1% of patients.
In QUADRA, Grade 3 to 4 hypertension occurred in 5% of patients
treated with ZEJULA with a median time from first dose to first onset
of 15 days (range: 1 to 316 days) and with a median duration of
7 days (range: 1 to 118 days). Discontinuation due to hypertension
occurred in <0.2% of patients.
Monitor blood pressure and heart rate at least weekly for the first
2 months, then monthly for the first year and periodically thereafter
during treatment with ZEJULA. Closely monitor patients with
cardiovascular disorders, especially coronary insufficiency, cardiac
arrhythmias, and hypertension. Medically manage hypertension with
antihypertensive medications and adjustment of the dose of ZEJULA,
if necessary [see Dosage and Administration (2.3) and Nonclinical
Toxicology (13.2) of full prescribing information].
5.4 Posterior Reversible Encephalopathy Syndrome
Posterior reversible encephalopathy syndrome (PRES) occurred in
0.1% of 2,165 patients treated with ZEJULA in clinical trials and
has also been described in postmarketing reports [see Adverse
Reactions (6.2)]. Signs and symptoms of PRES include seizure,
headache, altered mental status, visual disturbance, or cortical
blindness, with or without associated hypertension. A diagnosis of
PRES requires confirmation by brain imaging, preferably magnetic
resonance imaging.
Monitor all patients treated with ZEJULA for signs and symptoms
of PRES. If PRES is suspected, promptly discontinue ZEJULA and
administer appropriate treatment. The safety of reinitiating ZEJULA
in patients previously experiencing PRES is not known.
5.5 Embryo-Fetal Toxicity
Based on its mechanism of action, ZEJULA can cause fetal harm
when administered to a pregnant woman [see Clinical Pharmacology
(12.1) of full prescribing information]. ZEJULA has the potential to
cause teratogenicity and/or embryo-fetal death since niraparib
is genotoxic and targets actively dividing cells in animals and
patients (e.g., bone marrow) [see Warnings and Precautions (5.2)
and Nonclinical Toxicology (13.1) of full prescribing information]. Due
to the potential risk to a fetus based on its mechanism of action,
animal developmental and reproductive toxicology studies were not
conducted with niraparib.
Apprise pregnant women of the potential risk to a fetus. Advise
females of reproductive potential to use effective contraception
during treatment and for 6 months after the last dose of ZEJULA [see
Use in Specific Populations (8.1, 8.3)].
5.6 Allergic Reactions to FD&C Yellow No. 5 (Tartrazine)
ZEJULA capsules contain 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.
6 ADVERSE REACTIONS
The following clinically significant adverse reactions are described
elsewhere in the labeling:
• MDS/AML [see Warnings and Precautions (5.1)]
• Bone marrow suppression [see Warnings and Precautions (5.2)]
• Hypertension and cardiovascular effects [see Warnings and
Precautions (5.3)]
• Posterior reversible encephalopathy syndrome [see Warnings
and Precautions (5.4)]
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 with rates in the clinical trials
of another drug and may not reflect the rates observed in practice.
The most common adverse reactions of all grades in >10% of
1,314 patients who received ZEJULA in the pooled PRIMA, NOVA,
and QUADRA trials were nausea (65%), thrombocytopenia (60%),
anemia (56%), fatigue (55%), constipation (39%), musculoskeletal
pain (36%), abdominal pain (35%), vomiting (33%), neutropenia

(31%), decreased appetite (24%), leukopenia (24%), insomnia
(23%), headache (23%), dyspnea (22%), rash (21%), diarrhea (18%),
hypertension (17%), cough (16%), dizziness (14%), acute kidney injury
(13%), urinary tract infection (12%), and hypomagnesemia (11%).
First-Line Maintenance Treatment of Advanced Ovarian Cancer
The safety of ZEJULA for the treatment of patients with advanced
ovarian cancer following first-line treatment with platinum-based
chemotherapy was studied in the PRIMA trial, a placebo-controlled,
double-blind study in which 728 patients received niraparib or
placebo. Among patients who received ZEJULA, the median duration
of treatment was 11.1 months (range: 0.03 to 29 months).
All Patients Receiving ZEJULA in PRIMA: Serious adverse reactions
occurred in 32% of patients receiving ZEJULA. Serious adverse
reactions in >2% of patients were thrombocytopenia (16%), anemia
(6%), and small intestinal obstruction (2.9%). Fatal adverse reactions
occurred in 0.4% of patients, including intestinal perforation and
pleural effusion (1 patient each).
Permanent discontinuation due to adverse reactions occurred in
12% of patients who received ZEJULA. Adverse reactions resulting
in permanent discontinuation in >1% of patients who received
ZEJULA included thrombocytopenia (3.7%), anemia (1.9%), and
nausea and neutropenia (1.2% each). Adverse reactions led to dose
reduction or interruption in 80% of patients, most frequently from
thrombocytopenia (56%), anemia (33%), and neutropenia (20%).
Table 1 and Table 2 summarize the common adverse reactions and
abnormal laboratory findings, respectively, observed in all patients
treated with ZEJULA in the PRIMA study.
Table 1: Adverse Reactions Reported in ≥10% of All Patients
Receiving ZEJULA in PRIMAa
Grades 1-4b
Grades 3-4b
Adverse Reaction

ZEJULA
(n=484)
%

Placebo ZEJULA Placebo
(n=244) (n=484) (n=244)
%
%
%

Blood and lymphatic system disorders
Thrombocytopenia

66

5

39

0.4

Anemia

64

18

31

2

Neutropeniac

42

8

21

1

Leukopeniad

28

9

5

0.4

Nausea

57

28

1

1

Constipation

40

20

1

0.4

Vomiting

22

12

1

1

Gastrointestinal disorders

General disorders and administration site conditions
Fatigue

51

41

3

1

14

7

3

0.8

8

1

0
0

Investigations
AST/ALT elevation

Metabolism and nutrition disorders
Decreased appetite

19

Musculoskeletal and connective tissue disorders
Musculoskeletal pain

39

38

1

Headache

26

15

0.4

0

Dizziness

19

13

0

0.4

25

15

1

0.4

12

5

0.2

0

Nervous system disorders

Psychiatric disorders
Insomnia
Renal and urinary disorders
Acute kidney injurye

Respiratory, thoracic and mediastinal disorders
Dyspnea

22

13

0.4

1

Cough

18

15

0

0.4

18

7

6

1

Vascular disorders
Hypertension

AST/ALT=Aspartate transaminase/alanine aminotransferase
a
All adverse reactions in the table consist of grouped preferred terms
except for nausea, vomiting, decreased appetite, headache and
insomnia, which are single preferred terms.
b
Common Terminology Criteria for Adverse Events version 4.02.
c
Includes neutropenia, neutropenic infection, neutropenic sepsis, and
febrile neutropenia.
d
Includes leukopenia, lymphocyte count decreased, lymphopenia, and
white blood cell count decreased.
e
Includes blood creatinine increased, blood urea increased, acute
kidney injury, renal failure, and blood creatine increased.

(continued on next page)

Grades 1-4
Abnormal
Laboratory Finding

c

Grades 3-4

ZEJULA
(n=484)
%

Placebo
(n=244)
%

ZEJULA
(n=484)
%

Placebo
(n=244)
%

87

66

29

1

Decreased
hemoglobin
Decreased
platelets
Decreased
leukocytes

74

13

37

0

71

36

9

0

Increased glucose

66

57

3

3

Decreased
neutrophils
Decreased
lymphocytes
Increased alkaline
phosphatase

66

25

23

1

51

29

7

3

46

21

1

0

Increased creatinine

40

23

0

0

Decreased
magnesium
Increased aspartate
aminotransferase
Increased alanine
aminotransferase

36

34

1

0

35

17

1

0.4

29

17

2

1

Patients Receiving ZEJULA with Dose Based on Baseline Weight
or Platelet Count in PRIMA: Among patients who received ZEJULA
with the dose based on weight and platelet count, the median
duration of treatment was 11 months (range: 1 day to 16 months).
Serious adverse reactions occurred in 27% of patients receiving
ZEJULA. Serious adverse reactions in >2% of patients were
anemia (8%) and thrombocytopenia (7%). No fatal adverse
reactions occurred.
Permanent discontinuation due to adverse reactions occurred in
14% of patients who received ZEJULA. Adverse reactions resulting in
permanent discontinuation in >2% of patients who received ZEJULA
included thrombocytopenia and anemia (3% each) and nausea
(2.4%). Adverse reactions led to dose reduction or interruption in 72%
of patients, most frequently from thrombocytopenia (40%), anemia
(23%), and neutropenia (15%).
Table 3 and Table 4 summarize adverse reactions and abnormal
laboratory findings in the group of patients who received ZEJULA.
Table 3: Adverse Reactions Reported in ≥10% of Patients Receiving
ZEJULA Based on Baseline Weight or Platelet Count in PRIMAa
Grades 1-4b
ZEJULA
(n=169)
%

Adverse Reaction

Placebo
(n=86)
%

Grades 3-4b
ZEJULA
(n=169)
%

Placebo
(n=86)
%

Blood and lymphatic system disorders
Thrombocytopenia

54

5

21

1

Anemia

50

28

23

1

36

8

15

1

28

11

5

0

Neutropenia
Leukopenia

c

d

Table 4: Abnormal Laboratory Findings in ≥25% of All Patients
Receiving ZEJULA Based on Baseline Weight or Platelet Count
in PRIMA
Grades 1-4
Grades 3-4
ZEJULA
(n=169)
%

Placebo
(n=86)
%

ZEJULA
(n=169)
%

Placebo
(n=86)
%

Decreased
hemoglobin

81

70

21

0

Decreased
leukocytes

70

36

6

0

Decreased
platelets

63

15

18

0

Increased glucose
Decreased
neutrophils
Decreased
lymphocytes

63

56

2

1

60

27

15

0

52

30

5

4

43

17

1

0

44

30

0

0

41

22

0

0

31

19

1

0

28

15

2

2

Abnormal
Laboratory Finding

Increased alkaline
phosphatase
Decreased
magnesium
Increased creatinine
Increased aspartate
aminotransferase
Increased alanine
aminotransferase

Maintenance Treatment of Recurrent Ovarian Cancer
The safety of monotherapy with ZEJULA 300 mg once daily has been
studied in 367 patients with platinum-sensitive recurrent ovarian,
fallopian tube, and primary peritoneal cancer in the NOVA trial.
Adverse reactions in NOVA led to dose reduction or interruption in
69% of patients, most frequently from thrombocytopenia (41%) and
anemia (20%). The permanent discontinuation rate due to adverse
reactions in NOVA was 15%. The median exposure to ZEJULA in these
patients was 250 days.
Table 5 and Table 6 summarize the common adverse reactions and
abnormal laboratory findings, respectively, observed in patients
treated with ZEJULA in NOVA.
Table 5: Adverse Reactions Reported in ≥10% of Patients Receiving
ZEJULA in NOVA
Grades 3-4a
Grades 1-4a
Adverse Reaction

ZEJULA
(n=367)
%

Placebo
(n=179)
%

ZEJULA
(n=367)
%

Placebo
(n=179)
%

Blood and lymphatic system disorders

Gastrointestinal disorders

Thrombocytopenia

61

5

29

0.6

Nausea

0

Anemia

50

7

25

0

1

Neutropenia

30

6

20

2

1

Leukopenia

17

8

5

0

10

2

0

0
1

53

Constipation

31

Vomiting

17

21
15
9

1
1
0

Fatigue

48

36

3

b

Cardiac disorders

General disorders and administration site conditions
0

Palpitations

Gastrointestinal disorders

Metabolism and nutrition disorders

Nausea

74

35

3

Nervous system disorders

Constipation

40

20

0.8

2

Headache

22

17

1

0

Vomiting

34

16

2

0.6

Dizziness

14

13

0

0

Mucositis/stomatitis

20

6

0.5

0

Psychiatric disorders

Dyspepsia

18

12

0

0

Insomnia

Dry mouth

10

4

0.3

0

Decreased appetite

19

21

5

14

1

0

0

0

General disorders and administration site conditions

Renal and urinary disorders
Acute kidney injury

e

21

14

0

0

Dyspnea

18

10

0

1

17

9

5

2

Vascular disorders
Hypertension

Fatigue/asthenia

57

41

8

0.6

25

15

0.3

0.6

Infections and infestations
Urinary tract
13
infection
Investigations

8

0.8

1

AST/ALT elevation

5

4

2

Metabolism and nutrition disorders

Respiratory, thoracic and mediastinal disorders

All adverse reactions in the table consist of grouped preferred terms
except for nausea, vomiting, decreased appetite, headache, and
insomnia, which are single preferred terms.

a

Common Terminology Criteria for Adverse Events version 4.02.
Includes neutropenia, neutropenic infection, neutropenic sepsis, and
febrile neutropenia.
d
Includes leukopenia, lymphocyte count decreased, lymphopenia, and
white blood cell count decreased.
e
Includes blood creatinine increased, blood urea increased, acute
kidney injury, renal failure, and blood creatine increased.
b

Table 2: Abnormal Laboratory Findings in ≥25% of All Patients
Receiving ZEJULA in PRIMA

Decreased appetite

10

Table 5: Adverse Reactions Reported in ≥10% of Patients Receiving
ZEJULA in NOVA Cont’d
Grades 3-4a
Grades 1-4a
ZEJULA Placebo ZEJULA
(n=367) (n=179) (n=367)
%
%
%
Musculoskeletal and connective tissue disorders
Back pain
18
12
0.8
Nervous system disorders
Headache
26
11
0.3
Dizziness
18
8
0
Dysgeusia
10
4
0
Psychiatric disorders
Insomnia
27
8
0.3
Anxiety
11
7
0.3
Respiratory, thoracic, and mediastinal disorders
Nasopharyngitis
23
14
0
Dyspnea
20
8
1
Cough
16
5
0
Skin and subcutaneous tissue disorders
Rash
21
9
0.5
Vascular disorders
Hypertension
20
5
9
Adverse Reaction

Placebo
(n=179)
%
0
0
0
0
0
0.6
0
1
0
0
2

AST/ALT=Aspartate transaminase/alanine aminotransferase.
a
Common Terminology Criteria for Adverse Events version 4.02.
b
Includes preferred terms of neutropenic infection, neutropenic
sepsis, and febrile neutropenia.
Table 6: Abnormal Laboratory Findings in ≥25% of Patients
Receiving ZEJULA in NOVA
Grades 1-4
Abnormal Laboratory
Finding
Decrease in
hemoglobin
Decrease in platelet
count
Decrease in
white blood cell count
Decrease in absolute
neutrophil count
Increase in aspartate
aminotransferase
Increase in alanine
aminotransferase

Grades 3-4

ZEJULA
(n=367)
%

Placebo
(n=179)
%

ZEJULA Placebo
(n=367) (n=179)
%
%

85

56

25

0.5

72

21

35

0.5

66

37

7

0.7

53

25

21

2

36

23

1

0

28

15

1

2

The following adverse reactions and laboratory abnormalities
have been identified in ≥1 to <10% of the 367 patients receiving
ZEJULA in the NOVA trial and not included in the table: tachycardia,
peripheral edema, hypokalemia, bronchitis, conjunctivitis, gammaglutamyl transferase increased, blood creatinine increased, blood
alkaline phosphatase increased, weight decreased, depression,
and epistaxis.
Treatment of Advanced Ovarian Cancer after 3 or More
Chemotherapies
The safety of monotherapy with ZEJULA 300 mg once daily has been
studied in QUADRA, a single-arm study in 463 patients with recurrent
high-grade serous epithelial ovarian, fallopian tube, or primary
peritoneal cancer who had been treated with 3 or more prior lines of
therapy. The median duration of overall study treatment was 3 months
(range: 0.03 to 32 months). For the indicated QUADRA population, the
median duration was 4 months (range: 0.1 to 30 months).
Fatal adverse reactions occurred in 2% of patients, including
cardiac arrest.
Serious adverse reactions occurred in 43% of patients receiving
ZEJULA. Serious adverse reactions in >3% of patients were small
intestinal obstruction (7%), vomiting (6%), nausea (5%), and
abdominal pain (4%).
Permanent discontinuation due to adverse reactions (Grade 1 to 4)
occurred in 21% of patients who received ZEJULA.
Adverse reactions led to dose reduction or interruption in 73% of
patients receiving ZEJULA. The most common adverse reactions
(≥5%) resulting in dose reduction or interruption of ZEJULA were
thrombocytopenia (40%), anemia (21%), neutropenia (11%),
nausea (13%), vomiting (11%), fatigue (9%), and abdominal pain
(5%).
Table 7 and Table 8 summarize the common adverse reactions and
abnormal laboratory findings, respectively, observed in patients
treated with ZEJULA in QUADRA.

(continued on next page)

Table 7: Adverse Reactions Reported in ≥10% of Patients Receiving
ZEJULA in QUADRA
Grades 3-4a
Grades 1-4a
(n=463)
(n=463)
Adverse Reaction
%
%
Blood and lymphatic system disorders
Anemiab

51

27

Thrombocytopeniac

52

28

Neutropenia

20

13

Nausea

67

10

Vomiting

44

8

Constipation

36

5

Abdominal pain

34

7

Diarrhea

17

0.2

d

Gastrointestinal disorders

General disorders and administration site conditions
Fatigue

56

7

Urinary tract infection

15

2

Investigations
Blood alkaline phosphatase
increased
AST/ALT elevation

11

2

11

1

27

2

Infections and infestations

Metabolism and nutrition disorders
Decreased appetite

Musculoskeletal and connective tissue disorders
Musculoskeletal pain

29

3

Headache

19

0.4

Dizziness

11

0

21

1

17

1

Nervous system disorders

Psychiatric disorders
Insomnia
Renal and urinary disorders
Acute kidney injury

Respiratory, thoracic and mediastinal disorders
Dyspnea

22

3

Cough

13

0

14

5

Vascular disorders
Hypertension

AST/ALT=Aspartate transaminase/alanine aminotransferase.
a
Common Terminology Criteria for Adverse Events version 4.02.
b
Anemia includes events with preferred terms of anemia, hemoglobin
decreased, anemia macrocytic, aplastic anemia, and normochromic
normocytic anemia.
c
Thrombocytopenia includes events with preferred terms of
thrombocytopenia and platelet count decreased.
d
Neutropenia includes events with preferred terms of neutropenia,
neutrophil count decreased, neutropenic infection, and neutropenic
sepsis.
Table 8: Abnormal Laboratory Findings in ≥25% of Patients Receiving
ZEJULA in QUADRA
Grades 1-4 Grades 3-4
Abnormal Laboratory Finding
(n=463)
(n=463)
%
%
Decreased hemoglobin
83
26
Increased glucose

66

5

Decreased platelets

60

28

Decreased lymphocytes

57

18

Decreased leukocytes

53

9

Decreased magnesium

46

1

Increased alkaline phosphatase
Increased gamma glutamyl
transferase
Increased creatinine

40

4

40

8

36

0.4

Decreased sodium

34

6

Decreased neutrophils

34

15

Increased aspartate aminotransferase

29

2

Decreased albumin

27

2

6.2 Postmarketing Experience
The following adverse reactions have been identified during
postapproval use of ZEJULA. 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.
Blood and Lymphatic System Disorders: Pancytopenia.
Immune System Disorders: Hypersensitivity (including anaphylaxis).
Nervous System Disorders: Posterior reversible encephalopathy
syndrome (PRES).
Psychiatric Disorders: Confusional state/disorientation, hallucination,
cognitive impairment (e.g., memory impairment, concentration
impairment).
Respiratory, Thoracic, and Mediastinal Disorders: Non-infectious
pneumonitis.
Skin and Subcutaneous Tissue Disorders: Photosensitivity.
Vascular Disorders: Hypertensive crisis.
8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Risk Summary
Based on its mechanism of action, ZEJULA can cause fetal harm
when administered to pregnant women [see Clinical Pharmacology
(12.1) of full prescribing information]. There are no data regarding
the use of ZEJULA in pregnant women to inform the drug-associated
risk. ZEJULA has the potential to cause teratogenicity and/or embryofetal death since niraparib is genotoxic and targets actively dividing
cells in animals and patients (e.g., bone marrow) [see Warnings
and Precautions (5.2) and Nonclinical Toxicology (13.1) of full
prescribing information]. Due to the potential risk to a fetus based
on its mechanism of action, animal developmental and reproductive
toxicology studies were not conducted with niraparib. Apprise
pregnant women of the potential risk to a fetus.
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% to 4% and 15% to 20%,
respectively.
8.2 Lactation
Risk Summary
No data are available regarding the presence of niraparib or its
metabolites in human milk, or on its effects on the breastfed child
or milk production. Because of the potential for serious adverse
reactions in a breastfed child, advise a lactating woman not to
breastfeed during treatment with ZEJULA and for 1 month after
receiving the final dose.
8.3 Females and Males of Reproductive Potential
ZEJULA can cause fetal harm when administered to a pregnant
woman [see Use in Specific Populations (8.1)].
Pregnancy Testing
Verify the pregnancy status of females of reproductive potential prior
to initiating treatment with ZEJULA.
Contraception
Females: Advise females of reproductive potential to use effective
contraception during treatment with ZEJULA and for at least 6
months following the last dose.
Infertility
Males: Based on animal studies, ZEJULA may impair fertility in
males of reproductive potential [see Nonclinical Toxicology (13.1) of
full prescribing information].
8.4 Pediatric Use
The safety and effectiveness of ZEJULA have not been established
in pediatric patients.
8.5 Geriatric Use
In PRIMA, 39% of patients were aged 65 years or older and 10% were
aged 75 years or older. In NOVA, 35% of patients were aged 65 years
or older and 8% were aged 75 years or older. No overall differences
in safety and effectiveness of ZEJULA were observed between these
patients and younger patients but greater sensitivity of some older
individuals cannot be ruled out.
8.6 Renal Impairment
No dose adjustment is necessary for patients with mild (CLcr: 60 to
89 mL/min) to moderate (CLcr: 30 to 59 mL/min) renal impairment.
The degree of renal impairment was determined by creatinine
clearance as estimated by the Cockcroft-Gault equation. The safety
of ZEJULA in patients with severe renal impairment or end stage
renal disease undergoing hemodialysis is unknown.
8.7 Hepatic Impairment
For patients with moderate hepatic impairment, reduce the
starting dosage of niraparib to 200 mg once daily [see Dosage
and Administration (2.4) of full prescribing information]. Niraparib
exposure increased in patients with moderate hepatic impairment

[total bilirubin ≥1.5 x upper level of normal (ULN) to 3.0 x ULN and any
aspartate transaminase (AST) level]. Monitor patients for hematologic
toxicity and reduce the dose further, if needed [see Dosage and
Administration (2.3) of full prescribing information].
For patients with mild hepatic impairment (total bilirubin <1.5
x ULN and any AST level or bilirubin ≤ULN and AST>ULN), no dose
adjustment is needed.
The recommended dose of ZEJULA has not been established for
patients with severe hepatic impairment (total bilirubin >3.0 x
ULN and any AST level) [see Clinical Pharmacology (12.3) of full
prescribing information].
17 PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling
(Patient Information).
Myelodysplastic Syndrome/Acute Myeloid Leukemia
Advise patients to contact their healthcare provider if they experience
weakness, feeling tired, fever, weight loss, frequent infections,
bruising, bleeding easily, breathlessness, blood in urine or stool, and/
or laboratory findings of low blood cell counts or a need for blood
transfusions. This may be a sign of hematological toxicity or MDS or
AML, which has been reported in patients treated with ZEJULA [see
Warnings and Precautions (5.1)].
Bone Marrow Suppression
Advise patients that periodic monitoring of their blood counts is
required. Advise patients to contact their healthcare provider for new
onset of bleeding, fever, or symptoms of infection [see Warnings and
Precautions (5.2)].
Hypertension and Cardiovascular Effects
Advise patients to undergo blood pressure and heart rate monitoring
at least weekly for the first 2 months, then monthly for the first year of
treatment and periodically thereafter. Advise patients to contact their
healthcare provider if blood pressure is elevated [see Warnings and
Precautions (5.3)].
Posterior Reversible Encephalopathy Syndrome
Inform patients that they are at risk of developing posterior reversible
encephalopathy syndrome (PRES) that can present with signs and
symptoms including seizure, headaches, altered mental status, or
vision changes. Advise patients to contact their healthcare provider
if they develop any of these signs or symptoms [see Warnings and
Precautions (5.4)].
Dosing Instructions
Inform patients on how to take ZEJULA [see Dosage and Administration
(2.2) of full prescribing information]. ZEJULA should be taken once
daily. Instruct patients that if they miss a dose of ZEJULA not to take an
extra dose to make up for the one that they missed. They should take
their next dose at the regularly scheduled time. Each capsule should be
swallowed whole. ZEJULA may be taken with or without food. Bedtime
administration may be a potential method for managing nausea.
Embryo-Fetal Toxicity
Advise females to inform their healthcare provider if they are pregnant
or become pregnant. Inform female patients of the risk to a fetus and
potential loss of the pregnancy [see Warnings and Precautions (5.5)
and Use in Specific Populations (8.1)].
Contraception
Advise females of reproductive potential to use effective
contraception during treatment with ZEJULA and for at least 6
months after receiving the last dose [see Use in Specific Populations
(8.3)].
Lactation
Advise patients not to breastfeed while taking ZEJULA and for 1
month after the last dose [see Use in Specific Populations (8.2)].
Allergic Reactions to FD&C Yellow No. 5 (Tartrazine)
Advise patients that ZEJULA capsules contain FD&C Yellow No. 5
(tartrazine), which may cause allergic-type reactions (including
bronchial asthma) in certain susceptible persons or in patients who
also have aspirin hypersensitivity [see Warnings and Precautions
(5.6)].
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Adjuvant CDK4/6 Inhibitors Demonstrate Success
in Early-Stage HR+ Breast Cancer Development
by GINA MAURO

© SCIEPRO - STOCK.ADOBE.COM - MODIFIED BY KELLIE EHRMANN

CDK4/6 INHIBITORS IN THE metastatic

node-positive, hormone receptor–positive, HER2negative breast cancer, and it is one that should
setting have demonstrated clinical benefit in
be utilized specifically in patients who would
the hormone receptor–positive breast cancer
have met eligibility for the phase 3 monarchE
population, stirring curiosity in its activtrial, Tolaney said.
ity in early-stage patients and setting the
The study was the basis for the October 2021
stage for 3 informative clinical trials: PALLAS
FDA approval of abemaciclib for use in combi(NCT02513394), PENELOPE-B (NCT01864746),
nation with endocrine therapy for this patient
and monarchE (NCT03155997).1
population at high risk of recurrence and a
Patients with breast cancer who have multiKi-67 score of at least 20%. It has led
modal involvement—especially with 4 or
to a monumental shift in clinical pracmore axillary lymph nodes (ALNs)—have
tice, Tolaney said.
at least a 30% risk of relapse at 10 years;
“Adjuvant abemaciclib clearly does
those with 1 to 3 ALNs plus another
reduce risk of recurrence for [patients
poor prognostic factor have a greater
with] high-risk hormone receptor–
than 20% risk.2
positive breast cancer and is quite a
Despite successes observed with
milestone in development for agents in
endocrine therapy for this patient
the early-stage setting where, to date,
population, there is an unmet need
Sara M.
we just had endocrine therapies, but now
for identifying those who have
Tolaney, MD
we have an oral targeted agent that can
primary endocrine resistance and
help our patients,” Tolaney said. Tolaney is direcpreventing or delaying their recurrence with
tor of Clinical Trials in Breast Oncology, director
additional treatment.
of Breast Immunotherapy Clinical Research, asso“We still see patients who have endocrine-reciate director of the Susan F. Smith Center for
sistant disease who have recurrences that can
Women’s Cancers at Dana-Farber Cancer Institute,
occur very early, even within the first 2 to 3
and an assistant professor of medicine at Harvard
years of endocrine therapy,” Sara M. Tolaney, MD,
Medical School in Boston, Massachusetts.
MPH, explained in a presentation during the 39th
In her presentation, Tolaney expanded on the
Annual Miami Breast Cancer Conference®.
limitations of prior studies leveraging CDK4/6
Adjuvant treatment with the CDK4/6 inhibitor
inhibitors in this population, such as those examabemaciclib (Verzenio) is the most recent theraining palbociclib (Ibrance).
peutic advancement for patients with early-stage,

PALLAS
The open-label, phase 3 PALLAS trial randomly
assigned 5600 patients with stage II to III
hormone receptor–positive, HER2-negative breast
cancer 1:1 to receive either the CDK4/6 inhibitor
palbociclib orally at 125 mg daily on a 3 weeks
on/1 week off schedule for 2 years plus endocrine
therapy (n = 2883) or endocrine therapy alone (n
= 2877), which consisted of an aromatase inhibitor or tamoxifen, with or without a luteinizing
hormone-releasing hormone agonist.3 Patients
must have had prior surgery plus or minus
chemotherapy with radiation; they also had to be
within 12 months of receiving their cancer diagnosis and within 6 months of starting adjuvant
endocrine therapy.3
Patients were stratified by stage (IIA vs IIB/III),
chemotherapy (yes vs no), age (≤ 50 vs > 50), and
geographic region (North America vs Europe vs
other). Most patients had stage IIB (33.4%) or stage
III (48.8%) disease and had previously received
chemotherapy (82.6%). A total of 58.7% had
high-clinical-risk disease, which was described as
having at least 4 ALNs or 1 to 3 ALNs with either
T3/T4 and/or histologic grade 3 disease.
At 4 years, results showed that the invasive
disease-free survival (iDFS) rate, the study’s
primary end point, was similar between palbociclib/endocrine therapy and endocrine therapy
alone at 84.2% and 84.5%, respectively (HR, 0.96;
95% CI, 0.81-1.14; log-rank P = .65).4,5
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“Much to our surprise, there was not a benefit from use of adjuvant palbociclib, with in fact
no difference in iDFS,” Tolaney said. “This was
very shocking based on the very strong benefits in the metastatic setting. Some questioned
[whether] this study was negative because it
didn’t have [only] high-risk patients.”

PENELOPE-B
Palbociclib was evaluated also in the phase 3
PENELOPE-B trial, which enrolled 1250 patients
with hormone receptor–positive, HER2-negative
breast cancer who did not have pathologic
complete response after neoadjuvant chemotherapy. The patients also had a clinical and
pathologic stage (CPS)-estrogen receptor status
and tumor grade (EG) score of 3 or higher or at
least 2 with lymph node metastases (ypN).6
Following neoadjuvant chemotherapy, surgery
plus or minus radiation, the patients were
randomly assigned 1:1 to receive oral palbociclib at 125 mg once daily on days 1 to 21 every
28 days for 13 cycles (n = 631) or placebo (n =
619) on the same schedule. All patients received
endocrine therapy concomitantly.6 Stratification
factors included nodal status (ypN 0-1 vs ypN23), age (≤ 50 vs > 50 years), Ki-67 (> 15% vs ≤
15%), region (Asian vs non-Asian), and CPS-EG
score (≥ 3 vs 2 and ypN+).
Again, no iDFS benefit was observed with
palbociclib. At a median follow-up of 42.8
months, the 4-year iDFS rate was 73.0% with the
addition of palbociclib and 72.4% with endocrine
therapy alone (stratified HR, 0.93; 95% CI, 0.741.17; P = .525).
“There was one intriguing finding that
emerged, which was there was some early separation of the curves, suggesting that at 2 years
there seemed to be some trend toward benefit of
palbociclib,” Tolaney said. “[However,] then you
see these curves come back together at 4 years.
[This was a purely exploratory finding, but] it
made some wonder if maybe after discontinuation of palbociclib you just see a delay in events
but [no evidence] leading to cure in patients.”

monarchE
Following these results, data from the phase
3 monarchE trial with abemaciclib proved to
be encouraging. Investigators enrolled 5637
patients with hormone receptor–positive, HER2negative, high-risk, early-stage breast cancer
with pre-/postmenopausal status and with or
without prior neoadjuvant and/or adjuvant
chemotherapy.7 Patients did not have metastatic disease and were at most 16 months from
surgery to randomization and at most 12 weeks
of endocrine therapy following their last nonendocrine treatment.
The trial was split into 2 cohorts. Cohort 1
included those with high-risk disease based on
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clinical pathological features (≥ 4 ALNs or 3
ALNs and at least having grade 3 disease or a
tumor size ≥ 5 cm). Cohort 2 included patients
with high-risk disease based on Ki-67 status
(1-3 ALNs, Ki-67 expression ≥ 20%, no grade 3
disease, and tumor size < 5 cm).
Patients were randomly assigned 1:1 to receive
abemaciclib at 150 mg twice daily plus endocrine therapy or endocrine therapy alone for
an on-study treatment period of 2 years; the
follow-up period for endocrine therapy was
3 to 8 years.7
Patients were stratified by prior chemotherapy use, menopausal status, and region. Aside
from the primary end point of iDFS, secondary
outcome measures included iDFS in high–
Ki-67 populations, distant relapse-free survival
(DRFS), overall survival (OS), pharmacokinetics,
and patient-reported outcomes.
The intention-to-treat (ITT) population
comprised both cohort 1 and 2 populations.
Approximately 60% of patients on study had 4 or
more positive lymph nodes; the Ki-67 breakdown
was less than 20% (34.2%), 20% or higher (44.3%),
and unavailable (21.5%).
Data showed that the addition of abemaciclib
led to a 30.4% reduction in the risk of invasive
disease progression or death (HR, 0.696; 95%
CI, 0.588-0.823; nominal P = .0001). The 2- and
3-year iDFS rates were 92.7% and 88.8% with
abemaciclib vs 90.0% and 83.4% with endocrine
therapy alone; the absolute difference in iDFS
rates at 3 years was 5.4%.
Additionally, the benefit was seen across all
patient subgroups, Tolaney noted, adding that
a piecewise analysis was conducted to examine
the effect of abemaciclib treatment over time.
“There was an increasing magnitude of benefit with increase in effect size from year 1 to
year 2 again showing larger benefits with longer
follow-up,” she said. The piecewise HR for iDFS
beyond 2 years was 0.596 (95% CI, 0.397-0.855);
for DRFS, it was 0.692 (95% CI, 0.448-1.032).
When specifically analyzing the Ki-67–high
group in the ITT population, data showed that
abemaciclib led to a 33.7% reduction in the risk
of developing an iDFS event (HR, 0.663; 95%
CI, 0.524-0.839; nominal P = .0006). The 2and 3-year iDFS rates with abemaciclib were
91.9% and 86.8%, respectively; these rates were
87.9% and 80.8% with endocrine therapy alone,
respectively.
In cohort 1, the 3-year iDFS rates were 86.1%
with abemaciclib and 79.0% with endocrine therapy alone in Ki-67–high patients (n = 2003; HR,
0.626; 95% CI, 0.488-0.803). When examining
the Ki-67–low subgroup (n = 1914), the 3-year
iDFS rates were 91.7% and 87.2%, respectively
(HR, 0.704; 95% CI, 0.506-0.979).
“When you look at outcomes in both low– and
high–Ki-67 patients, you see that Ki-67 is not

F IGUR E . ASCO Rec o m m endatio n Update

on Adj u vant Chem other apy and Targeted
Ther apy in E arly -St age Br east Canc er 10

• Two years of abemaciclib (150 mg twice
daily) plus endocrine therapy may be offered
to patients with hormone receptor–positive,
HER2-negative, node-positive, early-stage breast
cancer with a high risk of recurrence and a
Ki-67 score of ≥ 20% as determined by an FDAapproved test.
• Abemaciclib for 2 years plus endocrine therapy
for at least 5 years may be offered to the
broader intention-to-treat population of patients
with resected hormone receptor–positive,
HER2-negative, node-positive, early-stage breast
cancer at high risk of recurrence, defined as
having at least 4 positive ALNs or as having 1-3
ALNs and 1 or more of the following features:
◦ Histologic grade 3 disease
◦ Tumor size ≥ 5 cm
◦ Ki-67 index ≥ 20%
• Although exploratory analyses suggested similar
hazard ratios in favor of abemaciclib regardless
of Ki-67 status, there were relatively few Ki-67–
low tumors in monarchE.
• When discussing treatment options with
patients, the potential benefits (improved iDFS)
should be weighed against the potential harms
(treatment toxicity, financial cost).
ALN, axillary lymph node; ASCO, American Society of Clinical Oncology;
iDFS, invasive disease-free survival.

a predictive biomarker of benefit to abemaciclib because you’re seeing, again, benefit in
both the low– and high–Ki-67 patients,” Tolaney
said. “You see a larger absolute difference in the
high–Ki-67 patients at [approximately] 7% with
[approximately] a 4.5% difference in the low–
Ki-67 patients. But what you see is that Ki-67
is clearly prognostic, with [patients with] high
Ki-67 having more recurrences compared with
those patients who have low Ki-67.”
Furthermore, preliminary OS findings did
not show a benefit to adding abemaciclib in the
ITT population (HR, 1.091; 95% CI, 0.818-1.455)
but a benefit was seen in the Ki-67 subgroup
(HR, 0.767; 95% CI, 0.511-1.152).8 There was
a comparable number of deaths in both arms
at 3.4% with abemaciclib and 3.2% with endocrine therapy alone.

MBCC

The safety profile with abemaciclib in
monarchE demonstrated consistent findings with
prior analyses. At a median duration of abemaciclib therapy at 23.7 months, incidence of venous
thromboembolism (VTE) was higher with the
CDK4/6 inhibitor at 2.5% vs 0.6% with endocrine
therapy alone; interstitial lung disease rates
were 3.2% and 1.3%, respectively.
Based on these data, in October 2021 the FDA
approved abemaciclib for the adjuvant treatment
of adult patients with hormone receptor–positive, HER2-negative, node-positive, early-stage
breast cancer at high risk of recurrence and a
Ki-67 score of at least 20% as determined by an
FDA-approved test.9 The agency also approved
the Ki-67 IHC MIB-1 pharmDx (Dako Omnis)
assay to be used as a companion diagnosis for
selection of patients for this indication.
However, Tolaney explained that the challenge in applying these data to clinical practice
is that the 55% of patients on study who had at
least 4 ALNs were Ki-67 low. “This is challenging because we know these patients are at high
risk of recurrence and we know that there was
benefit in both low– and high–Ki-67 patients
with abemaciclib in monarchE,” she said. “The

MORE ON

Tolaney on Potential of Trastuzumab
Deruxtecan to Shift to First Line in
HER2+ Breast Cancer

In an exclusive interview with OncLive , Sara
M. Tolaney, MD, MPH, discussed the efficacy of fam-trastuzumab deruxtecan-nxki (T-DXd;
Enhertu) in the second-line setting and its potential to move into first-line treatment for patients
with HER2-positive breast cancer. T-DXd is the standard of care (SOC) in the second-line setting based
on data from the phase 3 DESTINY-Breast03 trial
(NCT03529110). The ongoing randomized phase 3
DESTINY-Breast09 trial (NCT04784715) is examining 3 arms of patients receiving first-line T-DXd
plus pertuzumab (Perjeta), T-DXd plus placebo, or
the SOC of taxane-based chemotherapy plus pertuzumab and trastuzumab (Herceptin).
®
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other challenge that we have is the low analytical validity of Ki-67 testing where there are data
that have been put together by the international
[Ki-67 BC] Working Group suggesting unacceptable analytical validity particularly within
this range of 5% to 30%, which is where the 20%
cutoff falls for selection of patients for abemaciclib based on the FDA criteria.”
Recommendation updates have been issued by
the American Society of Clinical Oncology for
selection of adjuvant chemotherapy and targeted
therapy for patients with early-stage breast
cancer (F I G U R E 10).
To break it down, Tolaney said she recommends abemaciclib to patients who would have
met the eligibility criteria for monarchE, “[such
as] those patients with 4 or more positive nodes
or [who] have 1 to 3 positive nodes and a tumor
over 5 cm or [that] is high grade.”
When weighing the risk factors of VTE
with abemaciclib plus endocrine therapy, she
also emphasized using the proper partners of
endocrine therapy.
“The risk is higher with use in combination with tamoxifen, with [approximately] 4%
of patients in monarchE getting tamoxifen and
abemaciclib experiencing a VTE,” she said. “In
my general practice, I have been recommending abemaciclib more for use with aromatase
inhibition and using it more cautiously
with tamoxifen.”

noting that data on the approach are not
currently available. ■
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Indications
IBRANCE® (palbociclib) 125 mg capsules and tablets are
indicated for the treatment of adult patients with hormone receptor-positive (HR+), human epidermal growth factor receptor 2-negative (HER2-) advanced or metastatic breast cancer
(mBC) in combination with:
• an aromatase inhibitor as initial endocrine-based therapy
in postmenopausal women or in men, or
• fulvestrant in patients with disease progression following
endocrine therapy

PROVIDE
YOUR PATIENTS
WITH PROVEN
STRENGTH

Important Safety Information
Neutropenia was the most frequently reported adverse reaction
in PALOMA-2 (80%) and PALOMA-3 (83%). In PALOMA-2, Grade
3 (56%) or 4 (10%) decreased neutrophil counts were reported
in patients receiving IBRANCE plus letrozole. In PALOMA-3,
Grade 3 (55%) or Grade 4 (11%) decreased neutrophil counts
were reported in patients receiving IBRANCE plus fulvestrant.
Febrile neutropenia has been reported in 1.8% of patients exposed

to IBRANCE across PALOMA-2 and PALOMA-3.
One death due to neutropenic sepsis was observed in
PALOMA-3. Inform patients to promptly report any fever.
Monitor complete blood count prior to starting IBRANCE,
at the beginning of each cycle, on Day 15 of first 2 cycles 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.

Please see Important Safety Information throughout, followed by Brief Summary of Prescribing Information
for capsules and tablets.

IBRANCE COMBINATION THERAPY HAS HELPED CHANGE
THE STORY OF HR+/HER2- MBC
Evaluated in a broad range of patients
PALOMA-3:
IBRANCE + fulvestrant2,3†

PALOMA-2:
IBRANCE + letrozole1*

First line or later in mBC

First line in mBC

(For patients who progressed on or after ET
in the adjuvant or metastatic setting)

(No prior lines of mBC therapy)

With or without prior (neo)adjuvant
chemotherapy

Up to 1 prior line of chemotherapy
for mBC

Postmenopausal women

Pre-/peri-/postmenopausal women

30-89 years of age (median=62)

30-88 years of age (median=57)

Visceral/nonvisceral (including bone-only)

Visceral/nonvisceral (including bone-only)

DFI: De novo metastatic, ≤12 months,
>12 months

DFI: ≤24 months, >24 months

DFI=disease-free interval; ER=estrogen receptor; ET=endocrine therapy.
*PALOMA-2 was a 2:1 randomized, double-blind, Phase 3 trial of postmenopausal women with ER+/HER2- mBC with no prior treatment in the metastatic setting (N=666).
IBRANCE 125 mg PO once daily was taken 3 weeks on, 1 week off + letrozole 2.5 mg PO once daily vs placebo + letrozole.1
†PALOMA-3 was a 2:1 randomized, double-blind, Phase 3 trial of women with HR+/HER2- mBC who progressed on or after endocrine therapy in the adjuvant
or metastatic setting (N=521). IBRANCE 125 mg PO once daily was taken 3 weeks on, 1 week off + fulvestrant 500 mg IM on Days 1, 15, 29, and monthly thereafter
vs placebo + fulvestrant.2

The #1 prescribed FDA-approved oral combination treatment for HR+/HER2- mBC3

5+

14,000+

115,000+

since initial FDA approval

have chosen IBRANCE 3‡

prescribed IBRANCE 3‡

YEARS

‡Estimated

PRESCRIBERS

PATIENTS

data, as of March 2020.3

Explore the clinical evidence on the following pages

Important Safety Information (cont.)
Severe, life-threatening, or fatal interstitial lung disease (ILD)
and/or pneumonitis can occur in patients treated with
CDK4/6 inhibitors, including IBRANCE when taken in
combination with endocrine therapy. Across clinical trials
(PALOMA-1, PALOMA-2, PALOMA-3), 1.0% of IBRANCE-treated
patients had ILD/pneumonitis of any grade, 0.1% had Grade 3
or 4, and no fatal cases were reported. Additional cases of
ILD/pneumonitis have been observed in the post-marketing
setting, with fatalities reported.

Monitor patients for pulmonary symptoms indicative of ILD/
pneumonitis (e.g., hypoxia, cough, dyspnea). In patients who
have new or worsening respiratory symptoms and are suspected
to have developed pneumonitis, interrupt IBRANCE immediately
and evaluate the patient. Permanently discontinue IBRANCE
in patients with severe ILD or pneumonitis.

STRENGTH IN FIRST LINE

IBRANCE + LETROZOLE AS INITIAL MBC THERAPY
In a 2:1 randomized, double-blind, Phase 3 trial of postmenopausal women with ER+/HER2- mBC (N=666)1

Compelling 10-month mPFS improvement vs placebo + letrozole
• Primary endpoint: Investigator-assessed progression-free survival (PFS)1
• 24.8 months mPFS (n=444) vs 14.5 months mPFS with placebo + letrozole (n=222); (95% CI: 22.1-NE vs 12.9-17.1);
HR=0.58 (95% CI: 0.46-0.72); P<0.0001
• Number of PFS events: 194 (43.7%) with IBRANCE + letrozole vs 137 (61.7%) with placebo + letrozole
• ORR* (secondary endpoint): 55.3% (95% CI: 49.9-60.7) of patients with measurable disease achieved an objective
response with IBRANCE + letrozole vs 44.4% (95% CI: 36.9-52.2) with placebo + letrozole (IBRANCE + letrozole n=338;
placebo + letrozole n=171)1
• At the time of final analysis of PFS, OS (secondary endpoint) data were not mature. Patients will continue to be followed
for the final analysis
CI=confidence interval; HR=hazard ratio; mPFS=median progression-free survival; NE=not estimable; ORR=overall response rate; OS=overall survival.
*ORR was defined as the number (%) of patients with confirmed complete response or partial response.1,2

Adverse reactions
The most common adverse reactions (≥10%) of any grade reported in PALOMA-2 for IBRANCE plus letrozole vs placebo plus
letrozole were neutropenia (80% vs 6%), infections (60% vs 42%), leukopenia (39% vs 2%), fatigue (37% vs 28%), nausea (35% vs 26%),
alopecia (33% vs 16%), stomatitis (30% vs 14%), diarrhea (26% vs 19%), anemia (24% vs 9%), rash (18% vs 12%), asthenia (17% vs 12%),
thrombocytopenia (16% vs 1%), vomiting (16% vs 17%), decreased appetite (15% vs 9%), dry skin (12% vs 6%), pyrexia (12% vs 9%), and
dysgeusia (10% vs 5%).

IBRANCE + letrozole as initial mBC therapy delays
the need for later lines of treatment, including
hormonal agents and chemotherapies

Important Safety Information (cont.)
Based on the mechanism of action, IBRANCE can cause fetal
harm. Advise females of reproductive potential to use effective
contraception during IBRANCE treatment and for at least 3
weeks after the last dose. IBRANCE may impair fertility in males
and has the potential to cause genotoxicity. Advise male patients
to consider sperm preservation before taking IBRANCE. Advise
male patients with female partners of reproductive potential
to use effective contraception during IBRANCE treatment and
for 3 months after the last dose. Advise females to inform their
healthcare provider of a known or suspected pregnancy. Advise
women not to breastfeed during IBRANCE treatment and for
3 weeks after the last dose because of the potential for serious
adverse reactions in nursing infants.

(16% vs 1%), vomiting (16% vs 17%), decreased appetite (15% vs 9%),
dry skin (12% vs 6%), pyrexia (12% vs 9%), and dysgeusia (10% vs 5%).

The most common adverse reactions (≥10%) of any grade
reported in PALOMA-2 for IBRANCE plus letrozole vs placebo
plus letrozole were neutropenia (80% vs 6%), infections
(60% vs 42%), leukopenia (39% vs 2%), fatigue (37% vs 28%),
nausea (35% vs 26%), alopecia (33% vs 16%), stomatitis
(30% vs 14%), diarrhea (26% vs 19%), anemia (24% vs 9%),
rash (18% vs 12%), asthenia (17% vs 12%), thrombocytopenia

The most common adverse reactions (≥10%) of any grade
reported in PALOMA-3 for IBRANCE plus fulvestrant vs placebo
plus fulvestrant were neutropenia (83% vs 4%), leukopenia
(53% vs 5%), infections (47% vs 31%), fatigue (41% vs 29%), nausea
(34% vs 28%), anemia (30% vs 13%), stomatitis (28% vs 13%),
diarrhea (24% vs 19%), thrombocytopenia (23% vs 0%), vomiting
(19% vs 15%), alopecia (18% vs 6%), rash (17% vs 6%), decreased
appetite (16% vs 8%), and pyrexia (13% vs 5%).

The most frequently reported Grade ≥3 adverse reactions (≥5%)
in PALOMA-2 for IBRANCE plus letrozole vs placebo plus letrozole
were neutropenia (66% vs 2%), leukopenia (25% vs 0%), infections
(7% vs 3%), and anemia (5% vs 2%).
Lab abnormalities of any grade occurring in PALOMA-2 for
IBRANCE plus letrozole vs placebo plus letrozole were decreased
WBC (97% vs 25%), decreased neutrophils (95% vs 20%), anemia
(78% vs 42%), decreased platelets (63% vs 14%), increased
aspartate aminotransferase (52% vs 34%), and increased alanine
aminotransferase (43% vs 30%).

Please see Important Safety Information throughout, followed by Brief Summary of Prescribing Information
for capsules and tablets.

STRENGTH IN FIRST LINE OR LATER

IBRANCE + FULVESTRANT IN MBC AFTER PROGRESSION
ON ENDOCRINE THERAPY
In a 2:1 randomized, double-blind, Phase 3 trial of women with HR+/HER2- mBC who progressed on or after ET
in the adjuvant or metastatic setting (N=521)2

Doubled mPFS vs placebo + fulvestrant
• Primary endpoint: Investigator-assessed PFS2
• 9.5 months mPFS (n=347) vs 4.6 months mPFS with placebo + fulvestrant (n=174); (95% CI: 9.2-11.0 vs 3.5-5.6);
HR=0.46 (95% CI: 0.36-0.59); P<0.0001
• Number of PFS events: 145 (41.8%) with IBRANCE + fulvestrant vs 114 (65.5%) with placebo + fulvestrant
• ORR* (secondary endpoint): 24.6% (95% CI: 19.6-30.2) of patients with measurable disease achieved an objective response
with IBRANCE + fulvestrant vs 10.9% (95% CI: 6.2-17.3) with placebo + fulvestrant (IBRANCE + fulvestrant n=267;
placebo + fulvestrant n=138)2
• A final OS (secondary endpoint) analysis was conducted with 310 events (~60% of trial population) having occurred. These data
show a numerical difference in favor of IBRANCE + fulvestrant vs placebo + fulvestrant that did not reach statistical significance4
— Median OS was 34.9 months (95% CI: 28.8-40.0) with IBRANCE + fulvestrant vs 28.0 months (95% CI: 23.6-34.6)
with placebo + fulvestrant (HR=0.81 [95% CI: 0.64-1.03]; P=0.09); a difference of 6.9 months
— This difference in median OS was similar to the improvement in mPFS previously seen with the addition of IBRANCE
to fulvestrant in PALOMA-34,5

Adverse reactions
The most common adverse reactions (≥10%) of any grade reported in PALOMA-3 for IBRANCE plus fulvestrant vs placebo plus
fulvestrant were neutropenia (83% vs 4%), leukopenia (53% vs 5%), infections (47% vs 31%), fatigue (41% vs 29%), nausea (34% vs 28%),
anemia (30% vs 13%), stomatitis (28% vs 13%), diarrhea (24% vs 19%), thrombocytopenia (23% vs 0%), vomiting (19% vs 15%), alopecia
(18% vs 6%), rash (17% vs 6%), decreased appetite (16% vs 8%), and pyrexia (13% vs 5%).

Get the results for updated analyses at IBRANCEhcp.com
or from your IBRANCE representative
Important Safety Information (cont.)
The most frequently reported Grade ≥3 adverse reactions
(≥5%) in PALOMA-3 for IBRANCE plus fulvestrant vs placebo
plus fulvestrant were neutropenia (66% vs 1%) and leukopenia
(31% vs 2%).
Lab abnormalities of any grade occurring in PALOMA-3
for IBRANCE plus fulvestrant vs placebo plus fulvestrant
were decreased WBC (99% vs 26%), decreased neutrophils
(96% vs 14%), anemia (78% vs 40%), decreased platelets
(62% vs 10%), increased aspartate aminotransferase (43% vs 48%),
and increased alanine aminotransferase (36% vs 34%).
Avoid concurrent use of strong CYP3A inhibitors. If patients
must be administered a strong CYP3A inhibitor, reduce
the IBRANCE dose to 75 mg. If the strong inhibitor is
discontinued, increase the IBRANCE dose (after 3-5 half-lives of
the inhibitor) to the dose used prior to the initiation of the strong
CYP3A inhibitor. Grapefruit or grapefruit juice may increase
plasma concentrations of IBRANCE and should be avoided.
Avoid concomitant use of strong CYP3A inducers.
The dose of sensitive CYP3A substrates with a narrow
therapeutic index may need to be reduced as IBRANCE
may increase their exposure.

For patients with severe hepatic impairment (Child-Pugh
class C), the recommended dose of IBRANCE is 75 mg.
The pharmacokinetics of IBRANCE have not been studied
in patients requiring hemodialysis.
References: 1. Finn RS, Martin M, Rugo HS, et al. Palbociclib and letrozole
in advanced breast cancer. N Engl J Med. 2016;375(20):1925-1936. 2. Turner
NC, Ro J, André F, et al; PALOMA3 Study Group. Palbociclib in hormonereceptor-positive advanced breast cancer. N Engl J Med. 2015;373(3):209219. 3. Data on file. Pfizer Inc., New York, NY. 4. Turner NC, Slamon DJ, Ro
J, et al. Overall survival with palbociclib and fulvestrant in advanced breast
cancer. N Engl J Med. 2018;379(20):1926-1936. 5. Cristofanilli M, DeMichele
A, Giorgetti C, et al. Predictors of prolonged benefit from palbociclib plus
fulvestrant in women with endocrine-resistant hormone receptor-positive/
human epidermal growth factor receptor 2-negative metastatic breast
cancer in PALOMA-3. Eur J Cancer. 2018;104:21-31.
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% %
% %
%
on Dayon22.
Day 22.
If Grade
4 on Day
see22,
Grade
4 dose4modification
If Grade
4 on22,
Day
see Grade
dose modification
Infections
Infections
and infestations
and infestations
guidelines
below.below.
guidelines
a
a
Infections
Infections
60b 60b 6
6 1
1 42
42 3
3 0
0
Consider
dose reduction
in cases
prolonged
(>1 week)
Consider
dose reduction
inof
cases
of prolonged
(>1 week) Blood Blood
and lymphatic
and lymphatic
systemsystem
disorders
disorders
recovery
from Grade
3 neutropenia
or recurrent
Grade Grade
3
recovery
from Grade
3 neutropenia
or recurrent
3
Neutropenia
Neutropenia
80
80 56
56 10
10 6
6 1
1 1
1
neutropenia
on Dayon1 Day
of subsequent
cycles.cycles.
neutropenia
1 of subsequent
Leukopenia
Leukopenia
39
39 24
24 1
1
2
2 0
0 0
0
At anyAt
time:
any time:
b with b with
Grade Grade
3 neutropenia
3 neutropenia
Anemia
Anemia
24
24 5
5 <1
<1 9
9 2
2 0
0
Withhold
IBRANCE
until recovery
to Grade
≤2. ≤2.
Withhold
IBRANCE
until recovery
to Grade
≥38.5
fever ≥fever
38.5 ºC
and/or
ºC and/or
infection
infection
Thrombocytopenia
Thrombocytopenia
16
16 1
1 <1
<1 1
1 0
0 0
0
Resume
at the next
Resume
at thelower
next dose.
lower dose.
Metabolism
Metabolism
and nutrition
and nutrition
disorders
disorders
At anyAt
time:
any time:
Withhold
IBRANCE
until recovery
to Grade
≤2. ≤2.
Grade Grade
4
4
Withhold
IBRANCE
until recovery
to Grade
Decreased
Decreased
appetite
appetite
15
15 1
1 0
0
9
9 0
0 0
0
Resume
at the next
Resume
at thelower
next dose.
lower dose.
Nervous
Nervous
systemsystem
disorders
disorders
Grading
according
to CTCAE
4.0. 4.0.
Grading
according
to CTCAE
Dysgeusia
Dysgeusia
10
10 0
0 0
0
5
5 0
0 0
0
CTCAE=Common
Terminology
CriteriaCriteria
for Adverse
Events;Events;
LLN=lower
limit oflimit
normal.
CTCAE=Common
Terminology
for Adverse
LLN=lower
of normal.
Gastrointestinal
Gastrointestinal
disorders
disorders
a Tablea applies
Table applies
to all hematologic
to all hematologic
adverseadverse
reactions
reactions
exceptexcept
lymphopenia
lymphopenia
(unless(unless
associated
associated
with with
c
c
Stomatitis
Stomatitis
30
30 1
1 0
0 14
14 0
0 0
0
clinicalclinical
events,events,
e.g., opportunistic
e.g., opportunistic
infections).
infections).
b Absolute
b Absolute
3
3
neutrophil
neutrophil
count (ANC):
count (ANC):
Grade Grade
1: ANC1:<ANC
LLN<- LLN
1500/mm
- 1500/mm
; Grade
; Grade
2:
2:
NauseaNausea
35
35 <1
<1 0
0 26
26 2
2 0
0
3
3
3
3
3
3
ANC 1000
ANC‑1000
<1500/mm
‑ <1500/mm
; Grade; Grade
3: ANC3:500
ANC
- <1000/mm
500 - <1000/mm
; Grade; Grade
4: ANC4:<500/mm
ANC <500/mm
.
.
Diarrhea
Diarrhea
26
26 1
1 0
0 19
19 1
1 0
0
Dose Modification
Dose Modification
and Management
and Management
– Non-Hematologic
– Non-Hematologic
Toxicities
Toxicities
Vomiting
Vomiting
16
16 1
1 0
0 17
17 1
1 0
0
CTCAE
GradeGrade
Dose Modifications
CTCAE
Dose Modifications
Skin and
Skin
subcutaneous
and subcutaneous
tissue disorders
tissue disorders
Grade Grade
1 or 2 1 or 2
No dose
is required.
Noadjustment
dose adjustment
is required.
Alopecia
Alopecia
33d 33d N/A N/A N/A N/A 16e 16e N/A N/A N/A N/A
Rashf Rashf
18
18 1
1 0
0 12
12 1
1 0
0
Withhold
until symptoms
resolveresolve
to:
Withhold
until symptoms
to:
≥3 non-hematologic
≤1; ≤1;
≥3 non-hematologic
Grade Grade
toxicitytoxicity • Grade• Grade
Dry skin
Dry skin
12
12 0
0 0
0
6
6 0
0 0
0
≤
≤
(if persisting
despitedespite
optimaloptimal
medical
2 (if not
considered
a safetya safety
risk risk
(if persisting
medical • Grade• Grade
2 (if
not considered
General
General
disorders
disorders
and administration
and administration
site conditions
site conditions
treatment)
for thefor
patient)
treatment)
the patient)
FatigueFatigue
37
37 2
2 0
0 28
28 1
1 0
0
Resume
at the next
Resume
at thelower
next dose.
lower dose.
Asthenia
Asthenia
17
17 2
2 0
0 12
12 0
0 0
0
Grading
according
to CTCAE
4.0. 4.0.
Grading
according
to CTCAE
Permanently
discontinue
IBRANCE
in patients
with severe
interstitial
lung disease
(ILD)/pneumonitis.
Permanently
discontinue
IBRANCE
in patients
with severe
interstitial
lung disease
(ILD)/pneumonitis.
PyrexiaPyrexia
12
12 0
0 0
0
9
9 0
0 0
0
Refer to
the Full
Prescribing
Information
for coadministered
endocrine
therapytherapy
dose adjustment
guidelines
Refer
to the
Full Prescribing
Information
for coadministered
endocrine
dose adjustment
guidelinesGrading
Grading
according
according
to CTCAE
to CTCAE
4.0. 4.0.
in the event
toxicity
and other
safety information
or contraindications.
in theof
event
of toxicity
andrelevant
other relevant
safety information
or contraindications.
N=number
N=number
of patients;
of patients;
N/A=not
N/A=not
applicable
applicable
a Infections
Dose Modifications
for Usefor
With
CYP3A
Inhibitors.
Avoid concomitant
use of strong
CYP3ACYP3A a Infections
Dose Modifications
UseStrong
With Strong
CYP3A
Inhibitors.
Avoid concomitant
use of strong
includes
includes
all reported
all reported
preferred
preferred
terms (PTs)
terms that
(PTs)
arethat
partare
ofpart
the System
of the System
Organ Organ
Class Class
inhibitors
and consider
an alternative
concomitant
medication
with nowith
or minimal
CYP3ACYP3A
inhibition.
If
inhibitors
and consider
an alternative
concomitant
medication
no or minimal
inhibition.
If
Infections
Infections
and infestations.
and infestations.
b
b
patientspatients
must bemust
coadministered
a stronga strong
CYP3ACYP3A
inhibitor,
reduce reduce
the IBRANCE
dose todose
75 mg
once
be coadministered
inhibitor,
the IBRANCE
to 75
mgdaily.
once daily. Most common
Most common
infections
infections
(≥1%) (≥1%)
include:
include:
nasopharyngitis,
nasopharyngitis,
upper respiratory
upper respiratory
tract infection,
tract infection,
urinaryurinary
If the strong
inhibitor
is discontinued,
increase
the IBRANCE
dose (after
to 5 half‑lives
of the inhibitor)
If the strong
inhibitor
is discontinued,
increase
the IBRANCE
dose3(after
3 to 5 half‑lives
of the inhibitor) tract infection,
tract infection,
oral herpes,
oral herpes,
sinusitis,
sinusitis,
rhinitis,rhinitis,
bronchitis,
bronchitis,
influenza,
influenza,
pneumonia,
pneumonia,
gastroenteritis,
gastroenteritis,
to the dose
the initiation
of the strong
CYP3ACYP3A
inhibitor.
to theused
doseprior
usedtoprior
to the initiation
of the strong
inhibitor.
conjunctivitis,
conjunctivitis,
herpesherpes
zoster,zoster,
pharyngitis,
pharyngitis,
cellulitis,
cellulitis,
cystitis,cystitis,
lower respiratory
lower respiratory
tract infection,
tract infection,
tooth tooth
Dose Modifications
for Hepatic
Impairment:
No dose
is required
for patients
with mild
Dose Modifications
for Hepatic
Impairment:
Noadjustment
dose adjustment
is required
for patients
withormild or infection,
infection,
gingivitis,
gingivitis,
skin infection,
skin infection,
gastroenteritis
gastroenteritis
viral, respiratory
viral, respiratory
tract infection,
tract infection,
respiratory
respiratory
tract tract
moderate
hepatichepatic
impairment
(Child‑Pugh
classesclasses
A and B).
ForB).
patients
with severe
hepatichepatic
impairment
moderate
impairment
(Child‑Pugh
A and
For patients
with severe
impairment infection
infection
viral, and
viral,
folliculitis.
and folliculitis.
c Stomatitis
(Child‑Pugh
class C),
theC),
recommended
dose ofdose
IBRANCE
is 75 mg
once
21 consecutive
days days c Stomatitis
(Child‑Pugh
class
the recommended
of IBRANCE
is 75
mgdaily
oncefor
daily
for 21 consecutive
includes:
includes:
aphthous
aphthous
stomatitis,
stomatitis,
cheilitis,
cheilitis,
glossitis,
glossitis,
glossodynia,
glossodynia,
mouth mouth
ulceration,
ulceration,
mucosal
mucosal
followed
by 7 days
treatment
to comprise
a complete
cycle ofcycle
28 days.
followed
by 7offdays
off treatment
to comprise
a complete
of 28 days.
inflammation,
inflammation,
oral pain,
oraloral
pain,
discomfort,
oral discomfort,
oropharyngeal
oropharyngeal
pain, and
pain,
stomatitis.
and stomatitis.
d Grade
d Grade
1
events
1
events
–
30%;
–
Grade
30%;
Grade
2
events
2
events
–
3%.
–
3%.
DOSING
FORMS
AND STRENGTHS
DOSING
FORMS
AND STRENGTHS
e
e 1 events
1 events
– 15%;–Grade
15%; Grade
2 events
2 events
– 1%. – 1%.
125 mg125
capsules:
opaqueopaque
hard gelatin
capsules,
size 0, size
with0,caramel
cap andcap
body,
with white
mg capsules:
hard gelatin
capsules,
with caramel
andprinted
body, printed
withink
white ink f Gradef Grade
Rash includes
Rash includes
the following
the following
PTs: rash,
PTs:rash
rash,maculo-papular,
rash maculo-papular,
rash pruritic,
rash pruritic,
rash erythematous,
rash erythematous,
rash rash
“Pfizer”“Pfizer”
on the cap,
“PBC
the body.
on the
cap, 125”
“PBCon125”
on the body.
papular,
dermatitis,
dermatitis,
dermatitis
dermatitis
acneiform,
acneiform,
and toxic
andskin
toxiceruption.
skin eruption.
100 mg100
capsules:
opaqueopaque
hard gelatin
capsules,
size 1, size
with1,caramel
cap andcap
light
body, printed
with withpapular,
mg capsules:
hard gelatin
capsules,
with caramel
andorange
light orange
body, printed
Additional
Additional
adverseadverse
reactions
reactions
occurring
occurring
at an overall
at an overall
incidence
incidence
of <10.0%
of <10.0%
of patients
of patients
receiving
receiving
white ink
“Pfizer”
on the cap,
“PBC
the body.
white
ink “Pfizer”
on the
cap, 100”
“PBCon100”
on the body.
IBRANCE
IBRANCE
plus letrozole
plus letrozole
in Study
in 1Study
included
1 included
alaninealanine
aminotransferase
aminotransferase
increased
increased
(9.9%),(9.9%),
aspartate
aspartate
75 mg 75
capsules:
opaqueopaque
hard gelatin
capsules,
size 2, size
with2,light
cap andcap
body,
with white
mg capsules:
hard gelatin
capsules,
withorange
light orange
andprinted
body, printed
withink
white ink
aminotransferase
increased
epistaxis
lacrimation
increased
eye (4.1%),
aminotransferase
increased
(9.7%),(9.7%),
epistaxis
(9.2%),(9.2%),
lacrimation
increased
(5.6%),(5.6%),
dry eyedry
(4.1%),
“Pfizer”“Pfizer”
on the cap,
“PBC
on75”
the body.
on the
cap, 75”
“PBC
on the body.
and febrile
neutropenia
vision vision
blurredblurred
(3.6%),(3.6%),
and febrile
neutropenia
(2.5%).(2.5%).
125 mg125
tablets:
Oval, light
film-coated
tablets tablets
debossed
with “Pfizer”
on oneon
side
and
“PBC
mg tablets:
Oval,purple,
light purple,
film-coated
debossed
with “Pfizer”
one
side
and 125”
“PBC 125”
Laboratory
Abnormalities
in Study
1
Laboratory
Abnormalities
in Study
1
on the other
on theside.
other side.
IBRANCE
IBRANCE
+ Letrozole
+ Letrozole
(N=444)
(N=444)
Placebo
Placebo
+ Letrozole
+ Letrozole
(N=222)
(N=222)
100 mg100
tablets:
Oval, green,
tablets tablets
debossed
with “Pfizer”
on oneon
side
and
“PBC
the on the
mg tablets:
Oval, film-coated
green, film-coated
debossed
with “Pfizer”
one
side
and 100”
“PBCon100”
other side.
other side.
Laboratory
Laboratory
Abnormality
Abnormality
All Grades
All Grades
GradeGrade
3 Grade
3 Grade
4 All4 Grades
All Grades
GradeGrade
3 Grade
3 Grade
4
4
75 mg 75
tablets:
Round,Round,
light purple,
film-coated
tablets tablets
debossed
with “Pfizer”
on oneon
side
and
“PBC
mg tablets:
light purple,
film-coated
debossed
with “Pfizer”
one
side
and 75”
“PBC 75”
%
% %
% %
% %
% %
% %
%
on the other
on theside.
other side.
WBC decreased
WBC decreased
97
97 35
35 1
1
25
25
1
1 0
0
CONTRAINDICATIONS:
None None
CONTRAINDICATIONS:
Neutrophils
Neutrophils
decreased
decreased
95
95 56
56 12
12 20
20
1
1 1
1
WARNINGS
AND PRECAUTIONS
WARNINGS
AND PRECAUTIONS
Anemia
Anemia
78
78 6
6 0
0
42
42
2
2 0
0
Neutropenia.
Neutropenia
was thewas
most
reported
adverseadverse
reactionreaction
in Study
(PALOMA‑2)
Neutropenia.
Neutropenia
thefrequently
most frequently
reported
in 1Study
1 (PALOMA‑2)
Platelets
Platelets
decreased
decreased
63
63 1
1 1
1
14
14
0
0 0
0
with anwith
incidence
of 80%ofand
Study
(PALOMA-3)
with anwith
incidence
of 83%.ofA83%.
Grade
decrease
in
an incidence
80%
and 2Study
2 (PALOMA-3)
an incidence
A ≥3
Grade
≥3 decrease
in
neutrophil
counts counts
was reported
in 66%inof66%
patients
receiving
IBRANCE
plus letrozole
in Study
and 66%
neutrophil
was reported
of patients
receiving
IBRANCE
plus letrozole
in 1Study
1 and 66% Aspartate
Aspartate
aminotransferase
aminotransferase 52
52 3
3 0
0
34
34
1
1 0
0
of patients
receiving
IBRANCE
plus fulvestrant
in Study
In Study
and 2,1 the
time totime
first to first
of patients
receiving
IBRANCE
plus fulvestrant
in 2.
Study
2. In 1Study
andmedian
2, the median
increased
increased
episodeepisode
of any of
grade
was 15was
days15and
theand
median
duration
of Grade
neutropenia
was 7 days.
anyneutropenia
grade neutropenia
days
the median
duration
of ≥3
Grade
≥3 neutropenia
was 7 days.
Alanine
Alanine
aminotransferase
aminotransferase 43
43 2
2 <1
<1 30
30
0
0 0
0
Monitor
complete
blood counts
prior toprior
starting
IBRANCE
therapytherapy
and at the
of eachofcycle,
Monitor
complete
blood counts
to starting
IBRANCE
andbeginning
at the beginning
each cycle,
increased
increased
as wellas
aswell
on Day
15Day
of the
2 cycles,
and as and
clinically
indicated.
Dose interruption,
dose reduction,
or
as on
15first
of the
first 2 cycles,
as clinically
indicated.
Dose interruption,
dose reduction,
or
N=number
N=number
of patients;
patients;
of patients;
patients;
WBC=white
WBC=white
blood cells.
cells.
blood cells.
cells.
N=number
N=number
of
of
WBC=white
WBC=white
blood
blood
delay indelay
starting
treatment
cycles cycles
is recommended
for patients
who develop
Grade 3Grade
or 4 neutropenia.
in starting
treatment
is recommended
for patients
who develop
3 or 4 neutropenia.

Study Study
2: IBRANCE
2: IBRANCE
plus Fulvestrant.
plus Fulvestrant.
Patients
Patients
with HR-positive,
with HR-positive,
HER2-negative
HER2-negative
advanced
advanced The estimated
background
risk ofrisk
major
and miscarriage
for thefor
indicated
population
is
The estimated
background
of birth
majordefects
birth defects
and miscarriage
the indicated
population
is
or metastatic
or metastatic
breastbreast
cancercancer
who have
whohad
havedisease
had disease
progression
progression
on or after
on orprior
after adjuvant
prior adjuvant
or
or unknown.
In the U.S.
population,
the estimated
background
risk ofrisk
major
and and
unknown.
In thegeneral
U.S. general
population,
the estimated
background
of birth
majordefects
birth defects
metastatic
metastatic
endocrine
endocrine
therapy
therapy
miscarriage
in clinically
recognized
pregnancies
is 2%-4%
and 15%-20%,
respectively.
miscarriage
in clinically
recognized
pregnancies
is 2%-4%
and 15%-20%,
respectively.
The safety
The of
safety
IBRANCE
of IBRANCE
(125 mg/day)
(125 mg/day)
plus fulvestrant
plus fulvestrant
(500 mg)
(500
versus
mg) versus
placeboplacebo
plus fulvestrant
plus fulvestrant
was was In a fertility
and early
development
study in
female
rats, palbociclib
was administered
In a fertility
andembryonic
early embryonic
development
study
in female
rats, palbociclib
was administered
evaluated
evaluated
in Study
in 2Study
(PALOMA-3).
2 (PALOMA-3).
The data
The
described
data described
below below
reflect reflect
exposure
exposure
to IBRANCE
to IBRANCE
in 345 in
out345 outorally for
15 for
days15before
matingmating
through
to Dayto7 Day
of pregnancy,
which which
did notdid
cause
toxicitytoxicity
orally
days before
through
7 of pregnancy,
not embryo
cause embryo
of 517 of
patients
517 patients
with HR‑positive,
with HR‑positive,
HER2‑negative
HER2‑negative
advanced
advanced
or metastatic
or metastatic
breast cancer
breast cancer
who received
who received
at
atat doses
to 300
mg/kg/day
with maternal
systemic
exposures
approximately
4 times4 the
human
at up
doses
up to
300 mg/kg/day
with maternal
systemic
exposures
approximately
times
the human
least 1 least
dose 1ofdose
IBRANCE
of IBRANCE
plus fulvestrant
plus fulvestrant
in Study
in 2.
Study
The 2.
median
The median
duration
duration
of treatment
of treatment
for IBRANCE
for IBRANCEexposure
(AUC)(AUC)
at the recommended
dose. dose.
exposure
at the recommended
plus fulvestrant
plus fulvestrant
was 10.8
wasmonths
10.8 months
while the
while
median
the median
duration
duration
of treatment
of treatment
for placebo
for placebo
plus fulvestrant
plus fulvestrant In embryo‑fetal
development
studiesstudies
in rats in
and
rabbits,
pregnant
animals
received
oral doses
to up to
In embryo‑fetal
development
rats
and rabbits,
pregnant
animals
received
oral up
doses
arm was
arm
4.8was
months.
4.8 months.
300 mg/kg/day
and 20and
mg/kg/day
palbociclib,
respectively,
duringduring
the period
of organogenesis.
The The
300 mg/kg/day
20 mg/kg/day
palbociclib,
respectively,
the period
of organogenesis.
maternally
toxic dose
300of
mg/kg/day
was fetotoxic
in rats,inresulting
in reduced
fetal body
maternally
toxicofdose
300 mg/kg/day
was fetotoxic
rats, resulting
in reduced
fetalweights.
body weights.
Dose reductions
Dose reductions
due to due
an adverse
to an adverse
reaction
reaction
of any of
grade
any occurred
grade occurred
in 36%inof36%
patients
of patients
receiving
receiving
At doses
in rats,inthere
anwas
increased
incidence
of a skeletal
variation
(increased
At ≥100
dosesmg/kg/day
≥100 mg/kg/day
rats,was
there
an increased
incidence
of a skeletal
variation
(increased
IBRANCE
IBRANCE
plus fulvestrant.
plus fulvestrant.
No dose
Noreduction
dose reduction
was allowed
was allowed
for fulvestrant
for fulvestrant
in Study
in 2.
Study 2.
of a ribofpresent
at the seventh
cervical
vertebra).
At the At
maternally
toxic dose
incidence
a rib present
at the seventh
cervical
vertebra).
the maternally
toxicofdose of
Permanent
Permanent
discontinuation
discontinuation
associated
associated
with anwith
adverse
an adverse
reaction
reaction
occurred
occurred
in 19 ofin345
19 of
(6%)
345patients
(6%) patients incidence
in rabbits,
there was
anwas
increased
incidence
of skeletal
variations,
including
small small
20 mg/kg/day
in rabbits,
there
an increased
incidence
of skeletal
variations,
including
receiving
receiving
IBRANCE
IBRANCE
plus fulvestrant,
plus fulvestrant,
and in and
6 of in
172
6 of
(3%)
172patients
(3%) patients
receiving
receiving
placeboplacebo
plus fulvestrant.
plus fulvestrant.20 mg/kg/day
in the forelimb.
At 300At
mg/kg/day
in rats in
and
20and
mg/kg/day
in rabbits,
the maternal
phalanges
in the forelimb.
300 mg/kg/day
rats
20 mg/kg/day
in rabbits,
the maternal
Adverse
Adverse
reactions
reactions
leadingleading
to discontinuation
to discontinuation
for those
forpatients
those patients
receiving
receiving
IBRANCE
IBRANCE
plus fulvestrant
plus fulvestrant phalanges
systemic
exposures
were
approximately
4
and
9
times
the
human
exposure
(AUC)
at
the
systemic
exposures
were
approximately
4
and
9
times
the
human
exposure
(AUC)
at
the
included
included
fatiguefatigue
(0.6%),(0.6%),
infections
infections
(0.6%),(0.6%),
and thrombocytopenia
and thrombocytopenia
(0.6%).(0.6%).
recommended
dose, respectively.
recommended
dose, respectively.
The most
Thecommon
most common
adverseadverse
reactions
reactions
(≥10%)(≥10%)
of any of
grade
anyreported
grade reported
in patients
in patients
in the IBRANCE
in the IBRANCE
plus plus
CDK4/6
doubledouble
knockout
mice have
to die in
stages
of fetalofdevelopment
CDK4/6
knockout
micebeen
havereported
been reported
to late
die in
late stages
fetal development
fulvestrant
fulvestrant
arm byarm
descending
by descending
frequency
frequency
were neutropenia,
were neutropenia,
leukopenia,
leukopenia,
infections,
infections,
fatigue,fatigue,
nausea,nausea,
Day 14.5
to due
severe
anemia.
However,
knockout
mousemouse
data may
be not be
(gestation
Dayuntil
14.5birth)
until due
birth)
to severe
anemia.
However,
knockout
datanot
may
anemia,anemia,
stomatitis,
stomatitis,
diarrhea,
diarrhea,
thrombocytopenia,
thrombocytopenia,
vomiting,
vomiting,
alopecia,
alopecia,
rash, decreased
rash, decreased
appetite,
appetite,
and pyrexia.
and pyrexia.(gestation
of effects
in humans
due to due
differences
in degree
of target
predictive
of effects
in humans
to differences
in degree
of inhibition.
target inhibition.
The most
Thefrequently
most frequently
reported
reported
Grade Grade
≥3 adverse
≥3 adverse
reactions
reactions
(≥5%) (≥5%)
in patients
in patients
receiving
receiving
IBRANCE
IBRANCE
plus plus predictive
Lactation.
There is
no information
regarding
the presence
of palbociclib
in human
milk, nor
its nor its
Lactation.
There
is no information
regarding
the presence
of palbociclib
in human
milk,
fulvestrant
fulvestrant
in descending
in descending
frequency
frequency
were neutropenia
were neutropenia
and leukopenia.
and leukopenia.
effectseffects
on milkonproduction
or the breastfed
infant.infant.
Because
of the potential
for serious
adverseadverse
milk production
or the breastfed
Because
of the potential
for serious
Adverse
Adverse
Reactions
Reactions
(≥10%)
(≥10%)
in Study
in Study
2
2
reactions
in breastfed
infantsinfants
from IBRANCE,
advise advise
a lactating
womanwoman
not to breastfeed
duringduring
reactions
in breastfed
from IBRANCE,
a lactating
not to breastfeed
IBRANCE
IBRANCE
+ Fulvestrant
+ Fulvestrant
(N=345)
(N=345)
Placebo
Placebo
+ Fulvestrant
+ Fulvestrant
(N=172)
(N=172)treatment
with IBRANCE
and forand
3 weeks
after the
lastthe
dose.
treatment
with IBRANCE
for 3 weeks
after
last dose.
and Males
of Reproductive
Potential.
Based Based
on animal
studies,studies,
IBRANCE
can cause
Females
and Males
of Reproductive
Potential.
on animal
IBRANCE
can cause
All Grades
All Grades
GradeGrade
3 Grade
3 Grade
4 All4Grades
All Grades
GradeGrade
3 Grade
3 Grade
4
4Females
Adverse
Adverse
Reaction
Reaction
to a pregnant
woman.
Females
of reproductive
potential
shouldshould
fetalwhen
harm administered
when administered
to a pregnant
woman.
Females
of reproductive
potential
%
% %
% %
% %
% %
% %
% fetal harm
have ahave
pregnancy
test prior
starting
treatment
with IBRANCE.
IBRANCE
can cause
a pregnancy
testtoprior
to starting
treatment
with IBRANCE.
IBRANCE
can fetal
causeharm
fetal harm
Infections
Infections
and infestations
and infestations
when administered
to a pregnant
woman.
AdviseAdvise
females
of reproductive
potential
to use to
effective
when administered
to a pregnant
woman.
females
of reproductive
potential
use effective
a
a
Infections
Infections
47b 47b 3
3 1
1 31
31 3
3 0
0 contraception
duringduring
treatment
with IBRANCE
and forand
at least
weeks
after the
lastthe
dose.
contraception
treatment
with IBRANCE
for at3least
3 weeks
after
lastBecause
dose. Because
of the potential
for genotoxicity,
advise advise
male patients
with female
partners
of reproductive
potential
of the potential
for genotoxicity,
male patients
with female
partners
of reproductive
potential
Blood Blood
and lymphatic
and lymphatic
systemsystem
disorders
disorders
effective
contraception
duringduring
treatment
with IBRANCE
and forand
3 months
after the
lastthe
dose.
use effective
contraception
treatment
with IBRANCE
for 3 months
after
last dose.
Neutropenia
Neutropenia
83
83 55
55 11
11 4
4
1
1 0
0 to use to
Based Based
on animal
studies,studies,
IBRANCE
may impair
fertilityfertility
in males
reproductive
potential.
on animal
IBRANCE
may impair
in of
males
of reproductive
potential.
Leukopenia
Leukopenia
53
53 30
30 1
1
5
5
1
1 1
1
Pediatric
Use. The
safety
and efficacy
of IBRANCE
in pediatric
patients
have not
been
Pediatric
Use.
The safety
and efficacy
of IBRANCE
in pediatric
patients
have
notstudied.
been studied.
Anemia
Anemia
30
30 3
3 0
0 13
13 2
2 0
0 AlteredAltered
glucoseglucose
metabolism
(glycosuria,
hyperglycemia,
decreased
insulin)insulin)
associated
with changes
metabolism
(glycosuria,
hyperglycemia,
decreased
associated
with changes
Thrombocytopenia
Thrombocytopenia
23
23 2
2 1
1
0
0
0
0 0
0 in the pancreas
(islet cell
vacuolation),
eye (cataracts,
lens degeneration),
kidneykidney
(tubule(tubule
vacuolation,
in the pancreas
(islet
cell vacuolation),
eye (cataracts,
lens degeneration),
vacuolation,
chronicchronic
progressive
nephropathy)
and adipose
tissue (atrophy)
were identified
in a 27inweek
progressive
nephropathy)
and adipose
tissue (atrophy)
were identified
a 27 week
Metabolism
Metabolism
and nutrition
and nutrition
disorders
disorders
toxicology
study in
rats in
that
were
at the beginning
of the studies
and were
repeat-dose
toxicology
study
rats
thatimmature
were immature
at the beginning
of the studies
and were
Decreased
Decreased
appetite
appetite
16
16 1
1 0
0
8
8
1
1 0
0 repeat-dose
most prevalent
in males
oral at
palbociclib
doses ≥30
mg/kg/day
(approximately
11 times
most prevalent
in at
males
oral palbociclib
doses
≥30 mg/kg/day
(approximately
11 the
times the
Gastrointestinal
Gastrointestinal
disorders
disorders
adult human
exposure
[AUC][AUC]
at the recommended
dose). dose).
Some of
these
(glycosuria/
adult human
exposure
at the recommended
Some
offindings
these findings
(glycosuria/
pancreatic
islet cell
vacuolation,
and kidney
tubule tubule
vacuolation)
were present
with with
hyperglycemia,
pancreatic
islet
cell vacuolation,
and kidney
vacuolation)
were present
NauseaNausea
34
34 0
0 0
0 28
28 1
1 0
0 hyperglycemia,
and severity
in a 15inweek
toxicology
study in
immature
rats. Altered
lower incidence
and severity
a 15repeat-dose
week repeat-dose
toxicology
study
in immature
rats. Altered
c
c
Stomatitis
Stomatitis
28
28 1
1 0
0 13
13 0
0 0
0 lower incidence
glucoseglucose
metabolism
or associated
changes
in the pancreas,
eye, kidney
and adipose
tissue were
metabolism
or associated
changes
in the pancreas,
eye, kidney
and adipose
tissuenot
were not
Diarrhea
Diarrhea
24
24 0
0 0
0 19
19 1
1 0
0 identified
in a 27-week
repeat-dose
toxicology
study in
rats in
that
were
at the beginning
of the of the
identified
in a 27-week
repeat-dose
toxicology
study
rats
thatmature
were mature
at the beginning
Vomiting
Vomiting
19
19 1
1 0
0 15
15 1
1 0
0 study and
in and
dogsinindogs
repeat-dose
toxicology
studiesstudies
up to 39
duration.
study
in repeat-dose
toxicology
upweeks
to 39 weeks
duration.
Toxicities
in teethinindependent
of altered
glucoseglucose
metabolism
were observed
in rats.inAdministration
Toxicities
teeth independent
of altered
metabolism
were observed
rats. Administration
Skin and
Skin
subcutaneous
and subcutaneous
tissue disorders
tissue disorders
mg/kg
palbociclib
for 27 for
weeks
(approximately
15 times
adult
exposure
[AUC][AUC]
100 mg/kg
palbociclib
27 weeks
(approximately
15 the
times
thehuman
adult human
exposure
Alopecia
Alopecia
18d 18d N/A N/A N/A N/A 6e
6e N/A N/A N/A N/A of 100of
at the recommended
dose) resulted
in abnormalities
in growing
incisorincisor
teeth (discolored,
ameloblast
at the recommended
dose) resulted
in abnormalities
in growing
teeth (discolored,
ameloblast
Rashf Rashf
17
17 1
1 0
0
6
6
0
0 0
0 degeneration/necrosis,
mononuclear
cell infiltrate).
Other toxicities
of potential
concern
to pediatric
degeneration/necrosis,
mononuclear
cell infiltrate).
Other toxicities
of potential
concern
to pediatric
General
General
disorders
disorders
and administration
and administration
site conditions
site conditions
patients
have not
been
in juvenile
animals.
patients
have
notevaluated
been evaluated
in juvenile
animals.
Use. Of
444Of
patients
who received
IBRANCE
in Study
181 1,
patients
(41%) (41%)
were were
Geriatric
Use.
444 patients
who received
IBRANCE
in 1,
Study
181 patients
FatigueFatigue
41
41 2
2 0
0 29
29 1
1 0
0 Geriatric
age of
andage
48and
patients
(11%) (11%)
were ≥75
years
age.ofOfage.
347Of
patients
who received
≥65of
years
48 patients
were
≥75of
years
347 patients
who received
PyrexiaPyrexia
13
13 <1
<1 0
0
5
5
0
0 0
0 ≥65 years
IBRANCE
in Study
86 patients
(25%) (25%)
were ≥65
years
age of
andage
27and
patients
(8%) were
years
IBRANCE
in 2,
Study
2, 86 patients
were
≥65of
years
27 patients
(8%)≥75
were
≥75 years
Grading
Grading
according
according
to CTCAE
to CTCAE
4.0. 4.0.
of age.ofNo
overall
differences
in safety
or effectiveness
of IBRANCE
were observed
between
these these
age.
No overall
differences
in safety
or effectiveness
of IBRANCE
were observed
between
a Infections
a Infections
includes
includes
all reported
all reported
preferred
preferred
terms (PTs)
terms that
(PTs)
arethat
partare
ofpart
the System
of the System
Organ Organ
Class Class
patients
and younger
patients.
patients
and younger
patients.
Infections
Infections
and infestations.
and infestations.
Hepatic
Impairment.
No dose
is required
in patients
with mild
moderate
hepatichepatic
Hepatic
Impairment.
Noadjustment
dose adjustment
is required
in patients
withormild
or moderate
b Mostbcommon
Most common
infections
infections
(≥1%) (≥1%)
include:
include:
nasopharyngitis,
nasopharyngitis,
upper respiratory
upper respiratory
tract infection,
tract infection,
urinaryurinaryimpairment
(Child‑Pugh
classesclasses
A and A
B).and
ForB).
patients
with severe
hepatichepatic
impairment
(Child‑Pugh
impairment
(Child‑Pugh
For patients
with severe
impairment
(Child‑Pugh
tract infection,
tract infection,
bronchitis,
bronchitis,
rhinitis,rhinitis,
influenza,
influenza,
conjunctivitis,
conjunctivitis,
sinusitis,
sinusitis,
pneumonia,
pneumonia,
cystitis,cystitis,
oral oral
class C),
theC),
recommended
dose ofdose
IBRANCE
is 75 mg
once
21 for
consecutive
days followed
class
the recommended
of IBRANCE
is 75
mgdaily
oncefor
daily
21 consecutive
days followed
herpes,herpes,
respiratory
respiratory
tract infection,
tract infection,
gastroenteritis,
gastroenteritis,
tooth infection,
tooth infection,
pharyngitis,
pharyngitis,
eye infection,
eye infection,
herpesherpesby 7 days
treatment
to comprise
a complete
cycle of
28 days.
on a pharmacokinetic
trial trial
by 7off
days
off treatment
to comprise
a complete
cycle
of 28Based
days. Based
on a pharmacokinetic
simplex,
simplex,
and paronychia.
and paronychia.
in subjects
with varying
degreesdegrees
of hepatic
function,
the palbociclib
unbound
exposure
(unbound
in subjects
with varying
of hepatic
function,
the palbociclib
unbound
exposure
(unbound
c Stomatitis
c Stomatitis
includes:
includes:
aphthous
aphthous
stomatitis,
stomatitis,
cheilitis,
cheilitis,
glossitis,
glossitis,
glossodynia,
glossodynia,
mouth mouth
ulceration,
ulceration,
mucosal
mucosalAUCINFAUC
) decreased
by 17%byin17%
subjects
in subjects
with mild
withhepatic
mild hepatic
impairment
impairment
(Child-Pugh
(Child-Pugh
class A),
class
andA), and
INF) decreased
inflammation,
inflammation,
oral pain,
oraloropharyngeal
pain, oropharyngeal
discomfort,
discomfort,
oropharyngeal
oropharyngeal
pain, stomatitis.
pain, stomatitis.
increased
increased
by 34%byand
34%
77%
andin77%
subjects
in subjects
with moderate
with moderate
(Child-Pugh
(Child-Pugh
class B)
class
andB)
severe
and severe
(Child-Pugh
(Child-Pugh
d Grade
d Grade
1 events
1 events
– 17%;–Grade
17%; Grade
2 events
2 events
– 1%. – 1%.
class C)
class
hepatic
C) hepatic
impairment,
impairment,
respectively,
respectively,
relativerelative
to subjects
to subjects
with normal
with normal
hepatichepatic
function.
function.
Peak Peak
e Grade
e Grade
1 events
1 events
– 6%. – 6%.
palbociclib
palbociclib
unbound
unbound
exposure
exposure
(unbound
(unbound
Cmax) increased
Cmax) increased
by 7%,by
38%
7%,and
38%
72%
andfor
72%
mild,
formoderate
mild, moderate
f Rash fincludes:
Rash includes:
rash, rash
rash,maculo-papular,
rash maculo-papular,
rash pruritic,
rash pruritic,
rash erythematous,
rash erythematous,
rash papular,
rash papular,
dermatitis,
dermatitis,and severe
and severe
hepatichepatic
impairment,
impairment,
respectively,
respectively,
relativerelative
to subjects
to subjects
with normal
with normal
hepatichepatic
function.
function.
dermatitis
dermatitis
acneiform,
acneiform,
toxic skin
toxiceruption.
skin eruption.
ReviewReview
the FullthePrescribing
Full Prescribing
Information
Information
for thefor
aromatase
the aromatase
inhibitor
inhibitor
or fulvestrant
or fulvestrant
for dose
for dose
Additional
Additional
adverseadverse
reactions
reactions
occurring
occurring
at an overall
at an overall
incidence
incidence
of <10.0%
of <10.0%
of patients
of patients
receiving
receiving
modifications
modifications
relatedrelated
to hepatic
to hepatic
impairment.
impairment.
IBRANCE
IBRANCE
plus fulvestrant
plus fulvestrant
in Study
in 2Study
included
2 included
asthenia
asthenia
(7.5%),(7.5%),
aspartate
aspartate
aminotransferase
aminotransferase
increased
increased Renal Renal
Impairment.
Impairment.
No dose
Noadjustment
dose adjustment
is required
is required
in patients
in patients
with mild,
withmoderate,
mild, moderate,
or severe
or severe
renal renal
(7.5%),(7.5%),
dysgeusia
dysgeusia
(6.7%),(6.7%),
epistaxis
epistaxis
(6.7%),(6.7%),
lacrimation
lacrimation
increased
increased
(6.4%),(6.4%),
dry skin
dry
(6.1%),
skin (6.1%),
alaninealanine
impairment
impairment
(CrCl >15
(CrCl
mL/min).
>15 mL/min).
Based Based
on a pharmacokinetic
on a pharmacokinetic
trial intrial
subjects
in subjects
with varying
with varying
degreesdegrees
aminotransferase
aminotransferase
increased
increased
(5.8%),(5.8%),
vision blurred
vision blurred
(5.8%),(5.8%),
dry eyedry
(3.8%),
eye (3.8%),
and febrile
and febrile
neutropenia
neutropenia
(0.9%).(0.9%).
) increased
)
increased
by
39%,
by
42%,
39%,
and
42%,
31%
and
with
31%
with
of renaloffunction,
renal function,
the total
thepalbociclib
total palbociclib
exposure
exposure
(AUCINF
(AUC
INF
Laboratory
Laboratory
Abnormalities
Abnormalities
in Study
in Study
2
2
mild (60
mild
mL/min
(60 mL/min
≤ CrCl≤<90
CrCl
mL/min),
<90 mL/min),
moderate
moderate
(30 mL/min
(30 mL/min
≤ CrCl≤<60
CrCl
mL/min),
<60 mL/min),
and severe
and severe
(CrCl <30
(CrCl
mL/min)
<30 mL/min)
renal impairment,
renal impairment,
respectively,
respectively,
relativerelative
to subjects
to subjects
with normal
with normal
renal function.
renal function.
IBRANCE
IBRANCE
+ Fulvestrant
+ Fulvestrant
(N=345)
(N=345)
Placebo
Placebo
+ Fulvestrant
+ Fulvestrant
(N=172)
(N=172) Peak palbociclib
Peak palbociclib
exposure
exposure
(Cmax) increased
(Cmax) increased
by 17%,
by12%,
17%,and
12%,
15%
andfor
15%
mild,
formoderate,
mild, moderate,
and severe
and severe
Laboratory
Laboratory
Abnormality
Abnormality
All Grades
All Grades
GradeGrade
3 Grade
3 Grade
4 All4Grades
All Grades
GradeGrade
3 Grade
3 Grade
4
4 renal impairment,
renal impairment,
respectively,
respectively,
relativerelative
to subjects
to subjects
with normal
with normal
renal function.
renal function.
The pharmacokinetics
The pharmacokinetics
%
% %
% %
% %
% %
% %
%
of palbociclib
of palbociclib
have not
have
been
notstudied
been studied
in patients
in patients
requiring
requiring
hemodialysis.
hemodialysis.
WBC decreased
WBC decreased
99
99 45
45 1
1 26
26 0
0 1
1
OVERDOSAGE
OVERDOSAGE
There is
There
no known
is no known
antidote
antidote
for IBRANCE.
for IBRANCE.
The treatment
The treatment
of overdose
of overdose
of IBRANCE
of IBRANCE
shouldshould
consistconsist
Neutrophils
Neutrophils
decreased
decreased
96
96 56
56 11
11 14
14 0
0 1
1
of general
of general
supportive
supportive
measures.
measures.
Anemia
Anemia
78
78
3
3 0
0 40
40 2
2 0
0
PATIENT
PATIENT
COUNSELING
COUNSELING
INFORMATION
INFORMATION
Platelets
Platelets
decreased
decreased
62
62
2
2 1
1 10
10 0
0 0
0
AdviseAdvise
the patient
the patient
to readtothe
read
FDA‑approved
the FDA‑approved
patientpatient
labeling
labeling
(Patient
(Patient
Information).
Information).
Aspartate
Aspartate
aminotransferase
aminotransferase 43
Myelosuppression/Infection
Myelosuppression/Infection
43
4
4
0
0
48
48
4
4
0
0
increased
increased
• Advise
• Advise
patients
patients
to immediately
to immediately
report report
any signs
anyor
signs
symptoms
or symptoms
of myelosuppression
of myelosuppression
or infection,
or infection,
such assuch
fever,
as chills,
fever, chills,
dizziness,
dizziness,
shortness
shortness
of breath,
of breath,
weakness
weakness
or any or
increased
any increased
tendency
tendency
to bleed
to bleed
Alanine
Alanine
aminotransferase
aminotransferase
36
36
2
2
0
0
34
34
0
0
0
0
and/or and/or
to bruise.
to bruise.
increased
increased
Interstitial
Interstitial
Lung Disease/Pneumonitis
Lung Disease/Pneumonitis
Postmarketing
Postmarketing
Experience.
Experience.
The following
The following
adverseadverse
reactions
reactions
have been
haveidentified
been identified
duringduring
• Advise
• Advise
patients
patients
to immediately
to immediately
report report
new ornew
worsening
or worsening
respiratory
respiratory
symptoms.
symptoms.
post‑approval
post‑approval
use of use
IBRANCE.
of IBRANCE.
Because
Because
these reactions
these reactions
are reported
are reported
voluntarily
voluntarily
from from
Drug Interactions
Drug Interactions
a population
a population
of uncertain
of uncertain
size, itsize,
is notit always
is not always
possible
possible
to reliably
to reliably
estimate
estimate
their frequency
their frequency
or
or
• Grapefruit
• Grapefruit
may interact
may interact
with IBRANCE.
with IBRANCE.
Patients
Patients
shouldshould
not consume
not consume
grapefruit
grapefruit
products
products
while while
establish
establish
a causal
a causal
relationship
relationship
to drugtoexposure.
drug exposure.
Respiratory
Respiratory
disorders:
disorders:
Interstitial
Interstitial
lung disease
lung disease
on treatment
on treatment
with IBRANCE.
with IBRANCE.
(ILD)/non‑infectious
(ILD)/non‑infectious
pneumonitis.
pneumonitis.
• Inform
• Inform
patients
patients
to avoid
to strong
avoid strong
CYP3A
CYP3A
inhibitors
inhibitors
and strong
and strong
CYP3A
CYP3A
inducers.
inducers.
Male patients
Male patients
with HR-positive,
with HR-positive,
HER2-negative
HER2-negative
advanced
advanced
or metastatic
or metastatic
breastbreast
cancercancer
Based Based
on limited
on limited
data from
datapostmarketing
from postmarketing
reportsreports
and electronic
and electronic
health health
records,
records,
the safety
the safety
profileprofile
for for• Advise
• Advise
patients
patients
to inform
to inform
their health
their health
care providers
care providers
of all concomitant
of all concomitant
medications,
medications,
including
including
men treated
men treated
with IBRANCE
with IBRANCE
is consistent
is consistent
with the
with
safety
the safety
profileprofile
in women
in women
treatedtreated
with IBRANCE.
with IBRANCE. prescription
prescription
medicines,
medicines,
over‑the‑counter
over‑the‑counter
drugs, drugs,
vitamins,
vitamins,
and herbal
and herbal
products.
products.
DRUGDRUG
INTERACTIONS
INTERACTIONS
DosingDosing
and Administration
and Administration
Palbociclib
Palbociclib
is primarily
is primarily
metabolized
metabolized
by CYP3A
by CYP3A
and sulfotransferase
and sulfotransferase
(SULT)(SULT)
enzyme
enzyme
SULT2A1.
SULT2A1. • Advise
• Advise
patients
patients
to taketoIBRANCE
take IBRANCE
capsules
capsules
with food.
withIBRANCE
food. IBRANCE
tabletstablets
can becan
taken
be with
takenorwith or
In vivo,
Inpalbociclib
vivo, palbociclib
is a time-dependent
is a time-dependent
inhibitor
inhibitor
of CYP3A.
of CYP3A.
withoutwithout
food. food.
Effect Effect
of CYP3A
of CYP3A
Inhibitors.
Inhibitors.
Coadministration
Coadministration
of a strong
of a strong
CYP3A
CYP3A
inhibitor
inhibitor
(itraconazole)
(itraconazole)
• If the• patient
If the patient
vomitsvomits
or misses
or misses
a dose,aan
dose,
additional
an additional
dose should
dose should
not be not
taken.
be taken.
The next
Theprescribed
next prescribed
increased
increased
the plasma
the plasma
exposure
exposure
of palbociclib
of palbociclib
in healthy
in healthy
subjects
subjects
by 87%.
byAvoid
87%. Avoid
concomitant
concomitant
use use
dose should
dose should
be taken
be at
taken
the usual
at thetime.
usualIBRANCE
time. IBRANCE
capsules
capsules
and tablets
and tablets
shouldshould
be swallowed
be swallowed
whole whole
of strong
of strong
CYP3A
CYP3A
inhibitors
inhibitors
(e.g., clarithromycin,
(e.g., clarithromycin,
indinavir,
indinavir,
itraconazole,
itraconazole,
ketoconazole,
ketoconazole,
lopinavir/
lopinavir/
(do not(do
chew,
not crush
chew, or
crush
openorthem
openprior
themtoprior
swallowing).
to swallowing).
No capsule
No capsule
or tablet
or should
tablet should
be ingested
be ingested
if it if it
ritonavir,
ritonavir,
nefazodone,
nefazodone,
nelfinavir,
nelfinavir,
posaconazole,
posaconazole,
ritonavir,
ritonavir,
saquinavir,
saquinavir,
telaprevir,
telaprevir,
telithromycin,
telithromycin,
and and is broken,
is broken,
cracked,
cracked,
or otherwise
or otherwise
not intact.
not intact.
voriconazole).
voriconazole).
Avoid Avoid
grapefruit
grapefruit
or grapefruit
or grapefruit
juice during
juice during
IBRANCE
IBRANCE
treatment.
treatment.
If coadministration
If coadministration • Pre/perimenopausal
• Pre/perimenopausal
womenwomen
treatedtreated
with IBRANCE
with IBRANCE
shouldshould
also bealso
treated
be treated
with LHRH
with LHRH
agonists.
agonists.
of IBRANCE
of IBRANCE
with a with
strong
a strong
CYP3A
CYP3A
inhibitor
inhibitor
cannotcannot
be avoided,
be avoided,
reducereduce
the dose
theofdose
IBRANCE.
of IBRANCE.
Pregnancy,
Pregnancy,
Lactation,
Lactation,
and Infertility
and Infertility
Effect Effect
of CYP3A
of CYP3A
Inducers.
Inducers.
Coadministration
Coadministration
of a strong
of a strong
CYP3A
CYP3A
inducerinducer
(rifampin)
(rifampin)
decreased
decreased
the the Embryo-Fetal
Embryo-Fetal
Toxicity
Toxicity
plasmaplasma
exposure
exposure
of palbociclib
of palbociclib
in healthy
in healthy
subjects
subjects
by 85%.
byAvoid
85%. Avoid
concomitant
concomitant
use of use
strong
of strong
CYP3A
CYP3A• Advise
• Advise
females
females
of reproductive
of reproductive
potential
potential
of the potential
of the potential
risk to risk
a fetus
to aand
fetus
to and
use to
effective
use effective
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inducers
inducers
(e.g., phenytoin,
(e.g., phenytoin,
rifampin,
rifampin,
carbamazepine,
carbamazepine,
enzalutamide,
enzalutamide,
and StPP-IBR-USA-3812-01		
and
John’s
St John’s
Wort). Wort).
contraception
contraception
duringduring
treatment
treatment
with IBRANCE
with IBRANCE
therapytherapy
and forand
at least
for at3least
weeks
3 weeks
after the
after
lastthe last
DrugsDrugs
That May
ThatHave
May Their
Have Their
Plasma
Plasma
Concentrations
Concentrations
Altered
Altered
by Palbociclib.
by Palbociclib.
Coadministration
Coadministration dose. Advise
dose. Advise
females
females
to inform
to inform
their healthcare
their healthcare
provider
provider
of a known
of a known
or suspected
or suspected
pregnancy.
pregnancy.
of midazolam
of midazolam
with multiple
with multiple
doses of
doses
IBRANCE
of IBRANCE
increased
increased
the midazolam
the midazolam
plasmaplasma
exposure
exposure
by 61%,
by 61%,• Advise
• Advise
male patients
male patients
with female
with female
partners
partners
of reproductive
of reproductive
potential
potential
to use to
effective
use effective
contraception
contraception
in healthy
in healthy
subjects,
subjects,
compared
compared
with administration
with administration
of midazolam
of midazolam
alone. alone.
The dose
Theofdose
the sensitive
of the sensitive
duringduring
treatment
treatment
with IBRANCE
with IBRANCE
and forand
at least
for at3least
months
3 months
after the
after
lastthe
dose.
last dose.
CYP3A
CYP3A
substrate
substrate
with a with
narrow
a narrow
therapeutic
therapeutic
index (e.g.,
indexalfentanil,
(e.g., alfentanil,
cyclosporine,
cyclosporine,
dihydroergotamine,
dihydroergotamine,
Lactation
ergotamine,
ergotamine,
everolimus,
everolimus,
fentanyl,
fentanyl,
pimozide,
pimozide,
quinidine,
quinidine,
sirolimus
sirolimus
and tacrolimus)
and tacrolimus)
may need
maytoneed
be to be Lactation
• Advise
• Advise
womenwomen
not to breastfeed
not to breastfeed
duringduring
treatment
treatment
with IBRANCE
with IBRANCE
and forand
3 weeks
for 3 weeks
after the
after
lastthe
dose.
last dose.
reduced
reduced
as IBRANCE
as IBRANCE
may increase
may increase
their exposure.
their exposure.
Infertility
Infertility
USE IN
USE
SPECIFIC
IN SPECIFIC
POPULATIONS
POPULATIONS
• Inform
• Inform
males of
males
reproductive
of reproductive
potential
potential
that IBRANCE
that IBRANCE
may cause
may infertility
cause infertility
and to and
consider
to consider
sperm sperm
Pregnancy.
Pregnancy.
Based Based
on findings
on findings
from animal
from animal
studiesstudies
and itsand
mechanism
its mechanism
of action,
of action,
IBRANCE
IBRANCE
can can
preservation
before before
taking taking
IBRANCE.
IBRANCE.
cause fetal
causeharm
fetalwhen
harm administered
when administered
to a pregnant
to a pregnant
woman.
woman.
There are
There
no are
available
no available
data indata
pregnant
in pregnant preservation
Rx only
Rx only
womenwomen
to inform
to inform
the drug‑associated
the drug‑associated
risk. Inrisk.
animal
In animal
reproduction
reproduction
studies,studies,
administration
administration
of
of
®
®
(palbociclib)
(palbociclib)
Capsules
Capsules
Prescribing
Prescribing
Information
Information
LAB‑ LAB‑
Thissummary
brief summary
is based
is on
based
IBRANCE
on IBRANCE
palbociclib
palbociclib
to pregnant
to pregnant
rats and
rats
rabbits
and rabbits
duringduring
organogenesis
organogenesis
resulted
resulted
in embryo-fetal
in embryo-fetal
toxicitytoxicity
at
at This brief
0723‑8.0,
Rev. 09/2019
Rev. 09/2019
and IBRANCE
and IBRANCE
TabletsTablets
Prescribing
Prescribing
Information
Information
LAB‑1371‑1.0
LAB‑1371‑1.0
Rev. 11/2019.
Rev. 11/2019.
maternal
maternal
exposures
exposures
that were
that≥4
were
times
≥4 the
times
human
the human
clinicalclinical
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Risk-Adaptive Approaches Offer Safer, Effective Strategies
for Early-Stage HER2+ Breast Cancer
by BRITTANY LOVELY

THE INTEGRATION OF HER2-TARGETED

following neoadjuvant therapy and received
T-DM1 in the adjuvant setting, had a 50% reductherapies into the treatment paradigm for
tion in the risk of death compared with those who
patients with early-stage breast cancer, specifreceived adjuvant trastuzumab.2 Specifically, the
ically the standard trastuzumab (Herceptin),
has shifted focus away from whether patients
estimated 3-year invasive disease-free survival
should receive treatment to how and when they
(iDFS) rate among the 743 patients who received
should receive treatment with these agents.
adjuvant T-DM1 was 88.3% vs 77.0% among those
With 4 agents approved for this setting—trastuwho received adjuvant trastuzumab (n = 743; HR,
zumab, pertuzumab (Perjeta), ado-trastuzumab
0.50; 95% CI, 0.39-0.64; P < .001). The 3-year freeemtansine (Kadcyla; T-DM1), and neratidom from distant recurrence rates were
nib (Nerlynx)—risk-adapted approaches
89.7% vs 83.0%, respectively.
for this patient population may further
The benefit extended to those patients
improve outcomes and reduce the risk of
with clinically small tumors. Those
recurrence, said Sara A. Hurvitz, MD, in
with stage cT1 tumors who received
a presentation at the 39th Annual Miami
T-DM1 (n = 99) had a 3-year iDFS rate
Breast Cancer Conference®.1
of 94.8% vs 83.4% for those treated with
trastuzumab (n = 81; HR, 0.33; 95%
“Despite successes [in the trastuCI, 0.13-0.88). Among those with stage
zumab-era], it’s important to note that
Sara A.
cT2 tumors, those who received T-DM1
recurrences do happen, and they may
Hurvitz, MD
(n = 365) had a 3-year iDFS rate of
occur late. Up to 20% of patients will
90.4% vs 82.0% among those who received trasexperience a disease recurrence by year 10,
tuzumab (n = 389; HR, 0.52; 95% CI, 0.35-0.78).
despite [having received] trastuzumab-based
Furthermore, an improved benefit was observed
therapy,” said Hurvitz, who is an associate profeswith T-DM1 vs trastuzumab among those with
sor at the David Geffen School of Medicine
at the University of California, Los Angeles
(UCLA), medical director at the UCLA Jonsson
Comprehensive Cancer Center Clinical Research
TA B L E . Ef f ica cy Outcomes Fr om
Unit, codirector of the Santa Monica-UCLA
th e K ATH ER I NE Tria l 2
Outpatient Oncology Practices, and director of the
Overall population
Breast Cancer Clinical Trials Program at UCLA.
Trastuzumab
“The question is: How do we identify patients who
T-DM1 (n = 743)
(n = 743)
need more [therapy], and how do we know when
88.3%
77.0%
enough is enough?”
3-year iDFS
HR,
0.50;
95%
CI,
0.39-0.64;
Hurvitz explained that the size of a patient’s
P < .001
tumor and the timing of systemic therapy—either
3-year freedom from
in the neoadjuvant or adjuvant setting—does
89.7%
83.0%
distant recurrence
not appear to be a contributing factor for deterPatients with stage cT1 tumors
mining treatment outcomes. “We know giving
Trastuzumab
systemic therapy before surgery yields the same
T-DM1 (n = 99)
(n = 81)
long-term outcomes as giving it after surgery.
94.8%
83.4%
Even [those with] very small tumors benefit from
3-year iDFS
HR, 0.33; 95% CI, 0.13-0.88
a HER2-targeted therapy approach,” Hurvitz
said. What does matter is the use of responsePatients with stage cT2 tumors
guided approaches for these patients, according
Trastuzumab
T-DM1 (n = 365)
to Hurvitz. “A response-type approach allows us
(n = 389)
to start with a less-toxic therapy and switch to
90.4%
82.0%
3-year iDFS
a severe regimen if the tumor does not respond
HR, 0.52; 95% CI, 0.35-0.78
appropriately. We now know residual cancer after
Patients with lymph node–negative disease
neoadjuvant systemic therapy is prognostic and
Trastuzumab
T-DM1 (n = 239)
predictive of benefit from adjuvant T-DM1.”
(n = 237)
For example, Hurvitz pointed to the prac95.9%
85.2%
tice-changing data from the KATHERINE trial
3-year iDFS
HR, 0.32; 95% CI, 0.17-0.61
(NCT01772472), which showed that patients with
iDFS, invasive disease-free survival.
HER2-positive disease, who had residual disease
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lymph node–negative disease (HR, 0.32; 95% CI,
0.17-0.61) (TAB L E 2).
In contrast, data from nonselected trials,
which included patients with both high-risk
and low-risk disease, such as the APHINITY
trial (NCT01358877), demonstrate the importance of selecting populations who would benefit
from additional treatment. A small benefit was
observed among those treated with the HER2directed therapy pertuzumab vs placebo (HR,
0.85; 95% CI, 0.67-1.07), which Hurvitz noted
might not be enough to justify the associated
toxicity with the regimen for patients.3
The neoadjuvant setting is also where clinicians can omit the use of riskier regimens,
such as the use of anthracycline-based therapy,
Hurvitz said. For patients with stage II or stage
III tumors, pathological complete response (pCR)
has become a standard measure to individualizing therapy in the neoadjuvant setting. For
patients with early-stage disease, Hurvitz highlighted that a similar tactic can be applied to
mitigate risk.
According to Hurvitz, some of the first data
suggesting a benefit from the use of nonanthracycline-based regimens came from the phase 2
TRYPHAENA trial (NCT00976989), which evaluated the cardiac safety of regimens, including
the docetaxel, carboplatin, trastuzumab, and
pertuzumab regimen (TCHP) vs the anthracycline-based regimen 5-fluorouracil, epirubicin,
and cyclophosphamide/trastuzumab plus pertuzumab, followed by docetaxel, trastuzumab,
and pertuzumab. Findings showed that the pCR
rate was higher among those who received the
nonanthracycline regimen vs those who did
not, and the disease-free and progression-free
survival rates were similar between the arms.4,5
Additionally, results of several neoadjuvant
studies using adaptative strategies with trastuzumab plus pertuzumab as the backbone
showed pCR rates above 50% for patients with
early-stage disease. Recommendations from
the National Comprehensive Cancer Network
Guidelines reflect this trend of comparable data
with fewer adverse effects, listing nonanthracycline regimens—paclitaxel plus trastuzumab,
docetaxel plus carboplatin plus trastuzumab,
or TCHP—as preferred treatment options for
patients with HER2-positive disease in the
preoperative and adjuvant settings.6 “The
anthracycline-based regimens were moved
to the ‘useful in certain circumstances’ category,” Hurvitz said.
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In terms of moving the needle toward less
treatment, Hurvitz reviewed data from trials
evaluating adjuvant trastuzumab in patients
with stage I disease as a way to deescalate
chemotherapy and preserve patient quality
of life. The phase 2 APT trial (NCT00542451)
evaluated trastuzumab plus paclitaxel for 12
weeks followed by single-agent trastuzumab
for 9 months in 410 patients with HER2positive tumors that measured 3 cm or less.7
At a median follow-up of 7.5 years, the 7-year
DFS rate was 93.3% (95% CI, 90.4%-96.2%).
Despite the success at 7 years, Hurvitz noted
that recurrences are still occurring, but that
this treatment may be useful in the neoadjuvant
setting to help patients who might be at a higher
risk of recurrence.
In patients with estrogen receptor–positive, HER2-positive breast cancer, deescalation
chemotherapy vs endocrine therapy plus pertuzumab and trastuzumab was evaluated in the
phase 2 WSG TP-II trial (NCT03272477). The
pCR rate was observed in 24% (95% CI, 16%-34%)
of patients who received endocrine therapy
(n = 96) vs 57% (95% CI, 47%-67%) of those
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treated with deescalated paclitaxel (n = 102; odds
ratio, 0.24; 95% CI, 0.0-0.46; P < .001).8
A similar study was designed and executed for
patients with hormone receptor–negative, HER2positive disease. In the phase 2 WSG-ADAPT
HER2+/HR− trial (NCT01779206), investigators evaluated the efficacy of trastuzumab plus
pertuzumab with or without paclitaxel in the
neoadjuvant setting. The pCR rate among 42
treated patients in either arm was 90.5% with
the addition of paclitaxel compared with 36.3%
with trastuzumab and pertuzumab alone.9
As for whether chemotherapy can be omitted
entirely, Hurvitz said, “Yes, you can do it and
achieve complete responses without the use of
chemotherapy, although the pCR rates are fairly
low.” Hurvitz added that she would not advocate for this approach outside of a clinical trial.
“I do advocate for trials that continue to push
the envelope and do deescalation for lower-risk
patients—perhaps those with hormone receptor–
positive, node-negative tumors.” ■
For a full list of references,
see the article at

MORE ON

Hurvitz on Utilizing CDK4/6 Inhibitors
in HR+ Breast Cancer

In an exclusive interview with OncLive®, Sara A.
Hurvitz, MD, discussed utilizing CDK4/6 inhibitors
in hormone receptor (HR)–positive breast cancer.
When disease progression occurs following treatment with a CDK4/6 inhibitor, optimal sequencing
strategies are not well known.

 VIEW VIDEO
Scan the QR code or go to
bit.ly/3Ngo7HM

.

Neoadjuvant Immunotherapy/Chemotherapy Combos
Gain in Prominence for Early-Stage TNBC
by JASON HARRIS

IMMUNOTHERAPY TREATMENT FOR

[pathologic complete response] is associated with
a markedly improved outcome, but we’re learnearly-stage triple-negative breast cancer (TNBC)
ing how to look at this in a little more detail.…
is enjoying a boom period, Hope S. Rugo, MD,
Neoadjuvant therapy allows individualization of
FASCO, told her audience at the 39th Annual
response and gives us the opportunity to study
Miami Breast Cancer Conference®.1 There are still
more ways to improve outcomes.”
unanswered questions, particularly around the
Although there are some exceptions,
optimal chemotherapy backbone and
Rugo said TNBC tends to be heteropatient selection, but the value of these
geneous, highly proliferative, and
regimens is undeniable.
generally responsive to chemother“We’ve made a lot of progress in
apy. Other important factors include
TNBC. It’s an incredibly exciting time,”
immune activation, tumor-infiltrating
said Rugo, professor of medicine and
lymphocytes, and PD-L1 expression.
director of breast oncology and cliniTNBC is associated with a high risk for
cal trials education at the University
recurrence and poor median survival
of California, San Francisco Helen
Hope S. Rugo,
following a diagnosis of metastases. It
Diller Family Comprehensive Cancer
MD, FASCO
is also associated with a high mutation
Center. She is the 2020 Giants of Cancer
rate compared with other breast cancers, making
Care® award winner for education and delivit particularly important for investigators to
ered the Giants of Cancer Care® Lecture during
optimize therapies.
the conference.
Immunotherapy/chemotherapy combinations,
“Even the [National Comprehensive Cancer
first used in the metastatic setting, have made
Network] recommends neoadjuvant therapy for all
their way into the neoadjuvant treatment setting
but the smallest tumors—T1c and up—because we
for those with TNBC. Investigators believe these
can alter outcomes for patients who have the highcombinations can extend long-term survival when
est risk subset of breast cancer,” she said. “pCR

used prior to resection. “The direction of neoadjuvant therapy now is to replace our adjuvant trials
with neoadjuvant trials and power them to look at
both pCR and event-free survival [EFS],” Rugo said.
Investigators explored that hypothesis in earlystage TNBC in the phase 3 KEYNOTE-522 trial
(NCT03036488). In results published in February
2022, the estimated 36-month EFS was 84.5%
(95% CI, 81.7%-86.9%) for patients assigned to
neoadjuvant pembrolizumab (Keytruda) plus
chemotherapy (n = 784) compared with 76.8% (95%
CI, 72.2%-80.7%) for those assigned to placebo
plus chemotherapy (n = 390).2
The FDA approved pembrolizumab in 2021
based on results from KEYNOTE-522, making
pembrolizumab the first immunotherapy for this
indication. Investigators assigned patients to
200-mg pembrolizumab every 3 weeks or placebo.
All participants received 4 cycles of carboplatin
plus paclitaxel, followed by 4 cycles of doxorubicin or epirubicin plus cyclophosphamide. After
surgery, adjuvant pembrolizumab was continued
for 9 cycles or until disease recurrence or intolerable toxicity. Previous results from the primary
EFS analysis found that 15.7% of patients in
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the experimental arm experienced EFS events
compared with 23.8% in the control arm (HR,
0.63; 95% CI, 0.48-0.82; P = .00031).3
Rugo said EFS and distant recurrence-free
survival (DRFS) are closely aligned with overall survival (OS), as seen in the findings from
KEYNOTE-522. Specifically, additional findings
showed that at a median follow-up of 37.8 months
(range, 2.7-48.0), 123 patients (15.7%) in the
pembrolizumab arm and 93 patients (23.8%) in
the placebo arm had an EFS event (HR 0.63; 95%
CI, 0.48-0.82; P = .0003). In terms of DRFS, 12.8%
of patients in the pembrolizumab arm had an
event vs 20.3% of patients in the placebo arm (HR,
0.61; 95% CI, 0.46-0.82). The 36-month DRFS rates
were 87.0% and 80.7%, respectively.2,3
Moreover, residual cancer burden appears
to play a prognostic role in TNBC treatment. In
KEYNOTE-522, among patients who had a pCR,
the 36-month EFS rate for those in the pembrolizumab arm (n = 494) was 94.4% compared with
92.5% among those in the placebo arm (n = 217).
For those who did not achieve pCR, those in the
pembrolizumab arm (n = 290) had a higher EFS
rate (67.4%) than those in the placebo arm
(n = 173; 56.8%).2,3
Investigators are currently analyzing data
to determine whether pembrolizumab has
the same effect in the final EFS population of
KEYNOTE-522 and hope to publish later this
year. “The [OS data are] still early, but it is
encouraging to see there’s a trend toward an
improvement,” Rugo said.

FIGUR E. Un a n swe r e d Q ue st i o n s fo r
Ne o a d ju va n t Im m un othe r apy i n T N B C 1

1. Who needs checkpoint inhibitors?
• Balancing risk and cost: Can we identify
a group of patients who will do well with
chemotherapy alone?
• Balancing risk and toxicity: Are there patients
who should not receive immunotherapy?
2. What is the optimal chemotherapy
backbone?
• What is the role of platinum-based regimens?
◦ Improved pCR and EFS, not OS
◦ Balance toxicity against effect on EFS
• Anthracyclines may have an important role.
3. W
 hat is the optimal duration of checkpoint
inhibitors if pCR is achieved?
• Balance risk and toxicity
• Identify optimal postneoadjuvant therapies
4. S
 hould we combine or sequence
pembrolizumab with other
postneoadjuvant therapies?
EFS, event-free survival; OS, overall survival; pCR, pathologic complete
response; TNBC, triple-negative breast cancer.

42

Vol. 23 | No. 8 | APRIL 2022

MBCC

TA B L E . Ef f ica cy Outcomes in C linica l Tria ls Eva lu ating E arly -St age TN BC Trials 2- 7

KEYNOTE-522 (NCT03036488)
Pembrolizumab plus chemotherapy
(n = 784)

Placebo plus chemotherapy
(n = 390)

36-month EFS

84.5%

76.8%

36-month DRFS rate

87.0%

80.7%

Atezolizumab plus chemotherapy
(n = 165)

Placebo plus chemotherapy
(n = 168)

57.6%

41.1%

IMpassion031 (NCT03197935)
Outcome
pCR

P = .0044

I-SPY2 (NCT01042379)
Outcome

Pembrolizumab plus chemotherapy (n = 140)

36-month EFS

93%

GeparNuevo (NCT02685059)
Durvalumab plus chemotherapy
(n = 87)

Placebo plus chemotherapy
(n = 87)

36-month EFS

85.6%

77.2%

36-month DFS

91.7%

78.4%

36-month OS

95.2%

83.5%

Outcome

DFS, disease-free survival; DRFS, distant recurrence-free survival; EFS, event-free survival; OS, overall survival; pCR, pathologic complete response;
TNBC, triple-negative breast cancer.

Investigators also evaluated this approach in
the phase 3 IMpassion031 trial (NCT03197935)
and found that neoadjuvant atezolizumab
(Tecentriq) and nab-paclitaxel (Abraxane) plus
doxorubicin and cyclophosphamide significantly
improved pCR in patients with stage II or stage III
TNBC compared with placebo plus chemotherapy.
The pCR rates were 57.6% and 41.1%, respectively (P = .0044).4
Among the intention-to-treat population
(n = 333), 165 patients were randomly assigned
to receive intravenous atezolizumab at 840 mg
every 2 weeks plus nab-paclitaxel at 125 mg/m²
every week for 12 weeks, followed by doxorubicin at 60 mg/m² and cyclophosphamide at 600
mg/m² every 2 weeks for 8 weeks. The remaining patients were randomly assigned to receive
placebo plus the chemotherapy regimen. All
patients then underwent surgery.
Rugo noted that results from both trials showed
that patients derived benefit from immunotherapy regardless of PD-L1 status. “PD-L1 expression
itself in tumors predicts response to chemotherapy—[it] makes perfect sense [that] if you have a
more immune-active cancer, and the host can see
that cancer is a foreign body and attack it more
effectively, you’re going to get [a] better response
to chemotherapy, even without the checkpoint
inhibitor,” she said.
Furthermore, results from the phase 2 I-SPY2
trial (NCT01042379), which Rugo coauthored,
showed EFS worsened significantly per unit of
residual cancer burden (RCB) in every subtype.
The trial was designed to evaluate novel agents
added to standard neoadjuvant chemotherapy in

patients with high-risk stage II to stage III breast
cancer. In the analysis, RCB was measured among
those who did not achieve pCR to quantify the
extent of residual disease. RCB-I was defined as
having minimal burden, whereas RCB-III demonstrated extensive burden.
The 3-year EFS rates for those who received
4 cycles of pembrolizumab added to standard
neoadjuvant chemotherapy with RCB were as
follows: RCB-I (n = 50) at 83%, RCB-II (n = 93) at
72%, and RCB-III (n = 36) at 41%. For those who
had a pCR (n = 140), the 3-year EFS rate was
93%.5,6 Investigators concluded that the prognostic
significance of RCB was consistent regardless of
subtype and treatment.5
Finally, Rugo highlighted updated results from
the GeparNuevo trial (NCT02685059), in which
investigators evaluated the addition of durvalumab
(Imfinzi) to standard neoadjuvant chemotherapy in
patients with early-stage TNBC.7 Patients received
placebo or durvalumab for 2 weeks followed by
nab-paclitaxel for 12 weeks, followed by epirubicin, cyclophosphamide, and durvalumab or placebo
for 8 weeks prior to surgery.7
At a median follow-up of 43.7 months (range,
4.9-56.1), the 3-year EFS rate for those who
received durvalumab was 85.6% compared
with 77.2% for those who received placebo (HR,
0.48; 95% CI, 0.24-0.97; P = .0398). The addition
of the immune checkpoint inhibitor demonstrated benefit in 3-year distant disease-free
survival (DFS) rates (91.7% vs 78.4%) and OS rates
(95.2% vs 83.5%).7
In an analysis of those who achieved pCR
with durvalumab (n = 47) or placebo (n = 38), the
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3-year invasive DFS rates were 95.5% (95% CI,
83.0%-98.9%) and 86.1% (95% CI, 69.8%-94.0%),
respectively (HR, 0.22; 95% CI, 0.05-1.06; P =.038).
For distant DFS, the rates were 100% (95% CI,
100%-100%) and 86.1% (95% CI, 69.8%-94.0%),
respectively. For OS, these rates were 100%
(95% CI, 100%-100%) and 88.9% (95% CI, 73.1%95.7%) (TAB L E 2-7).
Trials evaluating the utility of atezolizumab
and pembrolizumab are also ongoing in this
setting, Rugo noted. Despite having some information on prognostic features and promising
data for the integration of neoadjuvant immunotherapy regimens, many unanswered questions
remain in the space (F I G U R E 1). Rugo explained
that ongoing efforts will better illuminate
which patient populations will benefit most
from the use of checkpoint inhibitors, what the
optimal chemotherapy backbone is, and the optimal duration of checkpoint inhibitors if pCR is
achieved. “Understanding who needs immunotherapy and managing toxicity are critical
issues,” she said. ■
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“pCR [pathologic complete
response] is associated
with a markedly improved
outcome, but we’re learning
how to look at this in a little
more detail.”
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UpRi May Be Superior Treatment Option
in Platinum-Resistant Ovarian Cancer
by KYLE DOHERTY

PATIENTS WITH PLATINUM-RESISTANT

F I G U RE . U PLI FT Ph a s e 2 Tria l Des ign 6

n = 180

ovarian cancer have long represented an area
Inclusion Criteria for
of unmet medical need; standard-of-care treatOvarian Cancer Cohort
 Histological diagnosis of high-grade serous
ments such as pegylated liposomal doxorubicin
ovarian cancer, which includes fallopian
and topotecan have displayed response rates
tube, or primary peritoneal cancer, that is
only of up to approximately 12% and median
End points
metastatic or recurrent.
progression-free survival (PFS) times of approx UpRi will be administered
Primary
 Platinum-resistant disease
imately 4 months. Investigators are hoping to
once every 28 days at a
 Confirmed ORR
 Patients who have only had 1 line of platinumdose of 36 mg/m2 up to a
in the ITT-higher
based therapy must have received at least
dramatically improve the platinum-resistant
maximum of approximately
NaPi2b population
4 cycles of platinum, must have had a
ovarian cancer treatment paradigm with the
80 mg/m2
response, and disease progression between
Secondary
development of the first-in-class antibody Administered until disease
3 months and ≤ 6 months after the date of the
 Investigatordrug conjugate (ADC) upifitamab rilsodotin
progression, unacceptable
last dose of platinum
assessed ORR
1
(UpRi; XMT-1536).
toxicity, or either the
 Patients who have received 2 to 4 lines of
regardless of
patient or study physician
prior therapy must have received ≥ 4 cycles
“Recurrent ovarian cancer remains a high
NaPi2b expression
determines it is in the best
of platinum and then progressed ≤ 6 months
unmet need because [essentially] every patient
 ORR by IRR
interest of the patient to
after the date of the last dose of platinum
 DOR
who gets it dies,” Bradley J. Monk, MD, said in
discontinue participation in
 1 to 4 prior lines of systemic therapy
 Incidence and
®
an interview with OncologyLive . “When patients
the study.
for ovarian cancer. Prior treatment with
severity of
respond to platinum [chemotherapy]—generally
bevacizumab is required for patients with
adverse events
1-2 prior lines of therapy.
the platinum doublet liposomal doxorubi Archival tumor tissue block or slides. If not
cin, but sometimes paclitaxel or gemcitabine
available, patients must undergo procedure to
with or without bevacizumab [Avastin] and
obtain a new tumor biopsy using a low-risk,
sometimes with a PARP inhibitor in the maintemedically routine procedure.
nance [setting]—that’s great, but it’s not enough
DOR, duration of response; IRR, independent radiology review; ITT, intention-to-treat population; ORR, overall response rate.
because those patients ultimately recur and die
of their disease.”
Monk is a professor on the Clinical Scholar
Track at the University of Arizona College of
Medicine – Phoenix, medical director
dissolves, dissociates the payload, the cell
Rockefeller Cancer Institute, and
of US Oncology Gynecologic Oncology
is killed, and that extra drug is available for
director of the Cancer Service Line at
Research, and codirector of the GOG
bystander effect. That technology allows you to
UAMS in Little Rock. “[NaPi2b] is not
Partners program.
deliver more drug per tumor cell and allows you
expressed at very high levels in normal
In August 2020, UpRi received a fast
to have more bystander effect.
tissue, making it the ideal target for
track designation from the FDA for the
“More importantly, it means that the quantifian ADC…. NaPi2B is very restricted in
treatment of patients with platinumcation of the biomarker becomes less important.
its expression. For ovarian cancer, we
resistant high-grade serous ovarian
For the older technology, [it is] critical to try to
would put NaPi2B up there with a FRα
cancer who have received up to 3 prior
get tumor cells to have high expression. There
as a validated overexpressed target.”
Bradley J.
lines of systemic therapy or those
are lots of ways of quantifying that. However,
UpRi is engineered to specifically
Monk, MD
treated with 4 prior lines of systemic
it involves work and pathologies to look at it.
interact with cancer cells and contains
therapy regardless of platinum status.2 UpRi
[With] the latter technology, because there is so
a DolaLock payload that traps the drug inside
much more of a bystander effect, you may just
cells after diffusion throughout the tumor. The
targets the sodium-dependent phosphate transneed to say yes or no, whether the tumor cells
DolaLock payload is a proprietary auriport protein NaPi2b, which is widely
express. Even if they [have low] expression, it
statin cytotoxic agent that uses the
expressed in ovarian cancer but has
[may be] sufficient to get a response. That is a
bystander effect to potently target
limited expression in normal tissues,
4
huge step forward, not just from efficacy, but
rapidly dividing cells.
making it a potential target of therafrom a biomarker characterization.”
peutic interest.2,3
“NaPi2B is a newer target [and UpRi
leverages what] they call a polymer
“The purpose of [NaPi2b] is
technology,” Birrer said. “The polyunknown, but [it is] expressed at
ONGOING CLINICAL TRIALS
mer coats the antibody and it allows
fairly high levels in about 60% of
EXAMINING UpRi
for
more
payload
to
be
attached
to
the
ovarian cancers,” Michael J. Birrer,
Investigators are evaluating UpRi in the phase
Michael J. Birrer,
antibody.
Again,
it’s
a
polymer,
not
a
MD, PhD, said in an interview with
1/2 UpLift registration trial (NCT03319628),
MD, PhD
proprietary linker, where the payload
OncologyLive ®. Birrer is vice chancelwith plans to enroll approximately 100 patients
may leak off. The polymer is secure, and once
with platinum-resistant ovarian cancer with
lor at the University of Arkansas for Medical
the antibody gets into the cell, the polymer
high NaPi2b expression5 and approximately 180
Sciences (UAMS), director at Winthrop P.
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In terms of safety, the most common treatpatients with platinum-resistant ovarian cancer
retrospectively assessed on tissue,” Richardson
ment-related adverse effects (TRAEs) of any
in the pivotal experimental cohort (F I G U R E 6).
said. “Carboplatin will be given for up to 6 cycles
grade were fatigue (approximately 80%), nausea
as is traditionally done; however, this trial will
The trial also includes a cohort for patients with
(approximately 70%), and increased aspartate
continue UpRi until either [limiting] toxicity or
non–small cell lung cancer, for a total of approxiaminotransferase levels (approximately 60%).
progression. If the trial is successful, this would
mately 444 patients.5,6
The lowest dose level led to a small number of
allow us to have another platinum doublet for the
Patients received intravenous UpRi once every
patients developing grade 3 or higher fatigue
treatment of patients with platinum-sensitive
4 weeks until disease progression, unacceptable
and increased aspartate aminotransferase levels
recurrent ovarian cancer.”
toxicity, or study discontinuation. In the dose(both 8%), compared with 13% and 35% in the
escalation portion, the starting dose of UpRi was
intermediate-dose group and 23% and 41% in the
36 mg/m 2 increasing to up to 43 mg/m 2. The
UpRi EXHIBITS INITIAL EFFICACY
high-dose group, respectively. Notably, no grade
recommended phase 2 dose was determined to
Initial safety and efficacy data from UpLift
2
3 or higher neutropenia, peripheral neuropathy,
be 36 mg/m and the dose-escalation portion of
showed that UpRi was well tolerated with a
or ocular toxicity were reported.
consistent safety profile and antitumor activthe trial is now closed to enrollment.
Dose delay, reduction, and/or discontinuation
ity in patients with platinum-resistant ovarian
To be eligible for the trial, patients must have
due to a TRAE occurred in 44% of patients. Dose
cancer. At the June 10, 2021, data cutoff, 97
measurable disease, adequate organ function,
delays due to TRAEs were reported in 16% of
patients in the ovarian cancer cohort had been
and an ECOG performance status of 1 or less.
patients and dose reductions due to TRAEs were
treated with UpRi. Among the 75 patients evalPatients with low-grade, clear cell, endomeobserved in 28% of patients; 10% of patients were
uable for efficacy, the ORR was 23%, including 2
trioid, mucinous, carcinosarcoma, germ-cell,
withdrawn from the trial due to TRAEs.
patients who achieved a complete response.5
mixed histology, or stromal tumors will not be
Considering these encouraging results,
included in the study.
Patients in the NaPi2b-high subgroup (n = 38),
Mersana Therapeutics, the manufacturer of
“[The UPLIFT trial] is targeting platinum-redefined as those with a tumor performance
UpRi, announced that the confirmatory phase
sistant patients with 1 to 4 prior
score of 75 or greater, performed even
3 Up-Next trial is expected to be initiated in
lines of therapy, so somewhat heavbetter than those in the general ovarthe second quarter of 2022. Up-Next is a monoily pretreated patients,” said Debra L.
ian cancer population. These patients
therapy maintenance trial that will compare
Richardson, MD, an associate professor
achieved an ORR of 34% with a disease
UpRi with placebo. The head-to-head trial was
in the Section of Gynecologic Oncology,
control rate of 87%. The median
designed to address the lack of an effective stanOklahoma TSET Phase I Program at OU
duration of response was approxidard-of-care treatment for patients with relapsed
Health Stephenson Cancer Center of
mately 5 months.
platinum-sensitive ovarian cancer.7
the University of Oklahoma College of
Investigators also saw that effiMedicine in Oklahoma City, in an intercacy in the NaPi2b-high subgroup
In Up-Next, UpRi will be evaluated followDebra L.
view with OncologyLive ®. “If patients
was
not
dependent
on
administering
treatment with platinum doublets in
Richardson, MD
ing a higher dose of UpRi. Patients
patients with recurrent platinum-sensitive ovaronly have had 1 to 2 prior regimens,
treated at the lowest dose (36 mg/m 2) had an
ian cancer. Patients must have high NaPi2b
prior bevacizumab is required. Patients can be
expression and have received 1 to 3 previous
enrolled with grade 2 peripheral neuropathy.”
ORR of 50% compared with 41% in the high-dose
platinum-based regimens, Richardson noted.
The primary end point of the pivotal plati(approximately 80 mg/m 2) and 15% in the inter2
They will be randomly assigned to receive UpRi
num-resistant ovarian cancer cohort is overall
mediate-dose (43 mg/m ) groups. This trend was
36 mg/m 2 up to a maximum of approximately
response rate (ORR). The trial is estimated to be
consistent in the overall population as well.
completed in late 2023.
“[The initial results] look promising,”
80 mg/m 2 or placebo. The primary end point of
The phase 1/2 UPGRADE trial (NCT04907968)
Richardson said. “Lower dosing led to fewer
the trial is PFS.
is an umbrella study enrolling patients with
treatment-related dose reductions but there
“PARP inhibitors are not included as mainwas a similar ORR [to the highest dose]. Lower
tenance in this setting, so only patients who
platinum-sensitive ovarian cancer in which
dosing also led to longer treatment duration and
had complete responses or partial responses
investigators will evaluate UpRi in combination
less discontinuation before the first scan.”
would be eligible for PARP inhibitors in that
with carboplatin. The dose-escalation portion
Most patients (67%) experienced reductions
setting,” Richardson said. “If patients had PARP
will determine the recommended phase 2 dose
in target tumor lesions across all dose levels.
inhibitors up front, it is unclear who we can
of UpRi in the combination. The dose-expansion
Investigators also noted that patients with high
rechallenge with PARP inhibitors at this point.
phase will attempt to provide a proof of concept
NaPi2b expression tended to stay in the study
Assuming [the results of] UPLIFT are positive
that the combination of chemotherapy and UpRi
longer than those who had low NaPi2b expresand UpRi does get accelerated approval from the
followed by UpRi continuation could result in
sion (tumor performance score, < 75).
FDA, [data from the Up-Next] trial would hopeimproved efficacy and tolerability.7,8
The ovarian cancer cohort had a median age of
fully lead to full approval of UpRi from the FDA.
Eligible patients must have received 1 or
68 years (range, 33-87). Most patients had been
If positive, it would give this maintenance option
2 prior lines of platinum-containing chemopreviously treated with bevacizumab (70%) or a
to patients with platinum-sensitive recurrent
therapy for ovarian cancer and have adequate
PARP inhibitor (59%). The most common platiovarian cancer.” ■
organ function within 14 days prior to enrollnum free–interval subgroups in the trial were:
ment. Patients with a prior hypersensitivity
For a full list of references,
greater than 3 to 6 months (47%), 0 to 3 months
reaction to carboplatin and those who have
see the article at
.
(35%), and greater than 6 months (10%).
received prior treatment with mirvetuximab
soravtansine or another ADC containing an
auristatin or maytansinoid payload will not be
Scan here to watch an exclusive video interview with
included in the study.
Debra L. Richardson, MD, FACS, FACOG, on OncLive.com!
“[In UPGRADE], NaPi2b expression will not
be required to enter the trial, but it will be
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A treatment designed for your
cytopenic myelofibrosis patients.1
To learn more,
visit VONJO.com
Indication
VONJOTM (pacritinib) is indicated for the treatment of adults with intermediate or high-risk primary or secondary (post-polycythemia vera [PPV] or
post-essential thrombocythemia [PET]) myelofibrosis (MF) with a platelet count below 50 × 109/L.
This indication is approved under accelerated approval based on spleen volume reduction. Continued approval for this indication may be contingent
upon verification and description of clinical benefit in a confirmatory trial(s).
VONJO is available as 100 mg capsules, for oral use.

Important Safety Information
CONTRAINDICATIONS
VONJO is contraindicated in patients concomitantly using strong CYP3A4 inhibitors or inducers as these medications can significantly alter exposure to
pacritinib, which may increase the risk of adverse reactions or impair efficacy.

Please see Important Safety Information and Brief Summary on the following pages and
full Prescribing Information at VONJO.com.
Reference: 1. VONJO. Prescribing information. CTI BioPharma Corp.; 2022.
VONJO™ is a trademark of CTI BioPharma Corp. ©2022 CTI BioPharma Corp. All rights reserved. US-PAC-2100040 03/2022

Important Safety Information (cont.)

WARNINGS AND PRECAUTIONS
Hemorrhage: Serious (11%) and fatal (2%) hemorrhages have occurred in VONJO-treated
patients with platelet counts <100 x 109/L. Serious (13%) and fatal (2%) hemorrhages have
occurred in VONJO-treated patients with platelet counts <50 x 109/L. Grade ≥3 bleeding
events (defined as requiring transfusion or invasive intervention) occurred in 15% of patients
treated with VONJO compared to 7% of patients treated with control arm. Due to hemorrhage,
VONJO dose reductions, dose interruptions, or permanent discontinuations occurred in 3%,
3%, and 5% of patients, respectively. Avoid use of VONJO in patients with active bleeding and
hold VONJO 7 days prior to any planned surgical or invasive procedures.
Assess platelet counts periodically, as clinically indicated. Manage hemorrhage using
treatment interruption and medical intervention. In the case of severe bleeding, hold VONJO
until hemorrhage resolves. When the bleeding has resolved, restart treatment at 50% of the
last given dose. If the bleeding recurs, discontinue treatment with VONJO. In the event of
life-threatening bleeding, discontinue VONJO.
Diarrhea: VONJO caused diarrhea in approximately 48% of patients compared to 15% of
patients treated with the control arm. The median time to resolution in VONJO-treated
patients was 2 weeks. The incidence of reported diarrhea decreased over time with 41% of
patients reporting diarrhea in the first 8 weeks of treatment, 15% in Weeks 8-16, and 8% in
Weeks 16-24. Diarrhea resulted in treatment interruption in 3% of VONJO-treated patients.
None of the VONJO-treated patients reported diarrhea that resulted in treatment
discontinuation. Serious diarrhea adverse reactions occurred in 2% of patients treated with
VONJO compared to none in the control arm.
Control preexisting diarrhea before starting VONJO treatment. Manage diarrhea with
antidiarrheal medications, fluid replacement, and dose modification. Treat diarrhea with
antidiarrheal medications promptly at the first onset of symptoms. Interrupt or reduce VONJO
dose in patients with significant diarrhea despite optimal supportive care. In patients with
Grade 3 or 4 diarrhea, hold VONJO until it resolves to Grade ≤1 or baseline, and restart VONJO
at the last given dose. Intensify antidiarrheal regimen and provide fluid replacement. For
recurrent diarrhea, hold VONJO until the diarrhea resolves to Grade ≤1 or baseline, and restart
VONJO at 50% of the last given dose once the toxicity has resolved. Concomitant antidiarrheal
treatment is required for patients restarting VONJO.
Thrombocytopenia: VONJO can cause thrombocytopenia. VONJO dosing was reduced due to
worsening thrombocytopenia in 2% of patients with preexisting moderate to severe
thrombocytopenia (platelet count <100 x 109/L). VONJO dosing was reduced due to worsening
thrombocytopenia in 2% of patients with preexisting severe thrombocytopenia (platelet
count <50 x 109/L). Monitor platelet count prior to VONJO treatment and as clinically indicated
during treatment. Interrupt VONJO in patients with clinically significant worsening of
thrombocytopenia that lasts for more than 7 days. Restart VONJO at 50% of the last given
dose once the toxicity has resolved. If toxicity recurs, hold VONJO. Restart VONJO at 50% of
the last given dose once the toxicity has resolved.
Prolonged QT Interval: VONJO can cause prolongation of the QTc interval. QTc prolongation
of >500 msec was higher in VONJO-treated patients than in patients in the control arm
(1.4% vs 1%). QTc increase from baseline by 60 msec or higher was greater in VONJO-treated
patients than in control arm patients (1.9% vs 1%). Adverse reactions of QTc prolongation were
reported for 3.8% of VONJO-treated patients and 2% of control arm patients. No cases of
torsades de pointes were reported.
Avoid use of VONJO in patients with a baseline QTc of >480 msec. Avoid use of drugs with
significant potential for QTc prolongation in combination with VONJO. Correct hypokalemia prior to
and during VONJO treatment. Manage QTc prolongation using VONJO interruption and electrolyte
management. In the case of QTc prolongation >500 msec or >60 msec from baseline, hold VONJO.
If QTc prolongation resolves to ≤480 msec or baseline within 1 week, restart VONJO at the same
dose. If time to resolution is >1 week, restart VONJO at a reduced dose.
Major Adverse Cardiac Events (MACE): Another Janus associated kinase (JAK) inhibitor has
increased the risk of MACE, including cardiovascular death, myocardial infarction, and stroke
(compared to those treated with TNF blockers) in patients with rheumatoid arthritis, a
condition for which VONJO is not indicated.
Consider the benefits and risks for the individual patient prior to initiating or continuing
therapy with VONJO, particularly in patients who are current or past smokers and patients
with other cardiovascular risk factors. Patients should be informed about the symptoms of
serious cardiovascular events and the steps to take if they occur.
Thrombosis: Another JAK inhibitor has increased the risk of thrombosis, including deep
venous thrombosis, pulmonary embolism, and arterial thrombosis (compared to those
treated with TNF blockers) in patients with rheumatoid arthritis, a condition for which VONJO
is not indicated. Patients with symptoms of thrombosis should be promptly evaluated and
treated appropriately.
Secondary Malignancies: Another JAK inhibitor has increased the risk of lymphoma and
other malignancies, excluding non-melanoma skin cancer (NMSC), (compared to those
treated with TNF blockers) in patients with rheumatoid arthritis, a condition for which VONJO
is not indicated. Patients who are current or past smokers are at additional increased risk.

Consider the benefits and risks for the individual patient prior to initiating or continuing
therapy with VONJO, particularly in patients with a known malignancy (other than a
successfully treated NMSC), patients who develop a malignancy, and patients who are
current or past smokers.
Risk of Infection: Another JAK inhibitor has increased the risk of serious infections
(compared to best available therapy) in patients with myeloproliferative neoplasms. Serious
bacterial, mycobacterial, fungal, and viral infections may occur in patients treated with
VONJO. Delay starting therapy with VONJO until active serious infections have resolved.
Observe patients receiving VONJO for signs and symptoms of infection and manage promptly.
Use active surveillance and prophylactic antibiotics according to clinical guidelines.
DRUG INTERACTIONS
Effect of Other Drugs on VONJO: VONJO is predominantly metabolized by CYP3A4.
Coadministration of VONJO with strong CYP3A4 inhibitors or inducers are contraindicated.
Avoid concomitant use of VONJO with moderate CYP3A4 inhibitors or inducers.
Effect of VONJO on Other Drugs: VONJO is an inhibitor of CYP1A2, CYP3A4, P-glycoprotein
(P-gp), breast cancer resistance protein (BCRP), and organic cation transporter 1 (OCT1) in
vitro. Concomitant administration of VONJO with these substrates may increase their plasma
concentrations. Avoid coadministration of VONJO with drugs that are sensitive substrates of
CYP1A2, CYP3A4, P-gp, BCRP, or OCT1.
ADVERSE REACTIONS
Fatal adverse reactions occurred in 8% of patients receiving VONJO 200 mg twice daily and in
9% of patients treated with best available therapy (BAT). The fatal adverse reactions among
patients treated with VONJO 200 mg twice daily included events of disease progression (3%),
and multiorgan failure, cerebral hemorrhage, meningorrhagia, and acute myeloid leukemia in
<1% of patients each, respectively.
Serious adverse reactions occurred in 47% of patients treated with VONJO 200 mg twice daily
and in 31% of patients treated with BAT. The most frequent serious adverse reactions
occurring in ≥3% patients receiving VONJO 200 mg twice daily were anemia (8%),
thrombocytopenia (6%), pneumonia (6%), cardiac failure (4%), disease progression (3%),
pyrexia (3%), and squamous cell carcinoma of skin (3%).
Permanent discontinuation due to an adverse reaction occurred in 15% of patients receiving
VONJO 200 mg twice daily compared to 12% of patients treated with BAT. The most frequent
reasons for permanent discontinuation in ≥2% of patients receiving VONJO 200 mg twice
daily included anemia (3%) and thrombocytopenia (2%).
The most common adverse reactions in ≥20% of patients (N=106) were diarrhea,
thrombocytopenia, nausea, anemia, and peripheral edema.
USE IN SPECIFIC POPULATIONS
Pregnancy: There are no available data on VONJO use in pregnant women 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. Consider the benefits and
risks of VONJO for the mother and possible risks to the fetus when prescribing VONJO to a
pregnant woman.
Lactation: There are no data on the presence of pacritinib in either human or animal milk,
the effects on the breastfed child, or the effects on milk production. It is not known whether
VONJO is excreted in human milk. Because of the potential for serious adverse reactions in
the breastfed child, advise patients that breastfeeding is not recommended during treatment
with VONJO, and for 2 weeks after the last dose.
Infertility: Pacritinib reduced male mating and fertility indices in BALB/c mice. Pacritinib
may impair male fertility in humans.
Pediatric Use: The safety and effectiveness of VONJO in pediatric patients have not been
established.
Hepatic Impairment: Administration of a single dose of VONJO 400 mg to subjects with
hepatic impairment resulted in a decrease in the geometric mean area under the
concentration curve (AUC) of pacritinib by 8.5%, 36%, and 45% in subjects with mild
[Child-Pugh A], moderate [Child-Pugh B], or severe hepatic impairment [Child-Pugh C],
respectively, compared to subjects with normal hepatic function. Avoid use of VONJO in
patients with moderate [Child-Pugh B] or severe hepatic impairment [Child-Pugh C].
Renal Impairment: Administration of a single dose of VONJO 400 mg to subjects with renal
impairment resulted in approximately 30% increase in maximal concentration (Cmax) and AUC
of pacritinib in subjects with eGFR 15 to 29 mL/min and eGFR <15 mL/min on hemodialysis
compared to subjects with normal renal function (eGFR ≥90 mL/min). Avoid use of VONJO in
patients with eGFR <30 mL/min.
Please see Brief Summary on the following pages
and full Prescribing Information at VONJO.com.
US-PAC-2100045 02/2022

VONJO™ (pacritinib) capsules, for oral use
Initial U.S. Approval: 2022
BRIEF SUMMARY: Consult the package insert for complete prescribing
information.
1 INDICATIONS AND USAGE
VONJO™ (pacritinib) is indicated for the treatment of adults with intermediate or
high-risk primary or secondary (post-polycythemia vera [PPV] or post-essential
thrombocythemia [PET]) myelofibrosis (MF) with a platelet count below
50 × 109/L.
This indication is approved under accelerated approval based on spleen
volume reduction. Continued approval for this indication may be contingent
upon verification and description of clinical benefit in a confirmatory trial(s).
2 DOSAGE AND ADMINISTRATION
2.1 Recommended Dosage
The recommended dosage of VONJO is 200 mg orally twice daily, with or
without food. Swallow capsules whole. Do not open, break, or chew capsules.
Patients who are on treatment with other kinase inhibitors before the initiation
of VONJO must taper or discontinue according to the prescribing information for
that drug.
4 CONTRAINDICATIONS
VONJO is contraindicated in patients concomitantly using strong CYP3A4
inhibitors or inducers as these medications can significantly alter exposure to
pacritinib, which may increase the risk of adverse reactions or impair efficacy.
5 WARNINGS AND PRECAUTIONS
5.1 Hemorrhage
Serious (11%) and fatal (2%) hemorrhages have occurred in VONJO-treated
patients with platelet counts <100 x 109/L. Serious (13%) and fatal (2%)
hemorrhages have occurred in VONJO-treated patients with platelet counts
<50 x 109/L. Grade ≥3 bleeding events (defined as requiring transfusion or
invasive intervention) occurred in 15% of patients treated with VONJO compared
to 7% of patients treated with control arm. Due to hemorrhage, VONJO dose
reductions, dose interruptions, or permanent discontinuations occurred in 3%,
3%, and 5% of patients, respectively.
Avoid use of VONJO in patients with active bleeding and hold VONJO 7 days prior
to any planned surgical or invasive procedures. Assess platelet counts
periodically, as clinically indicated. Manage hemorrhage using treatment
interruption and medical intervention.
5.2 Diarrhea
VONJO caused diarrhea in approximately 48% of patients compared to 15% of
patients treated with the control arm. The median time to resolution in VONJOtreated patients was 2 weeks. The incidence of reported diarrhea decreased
over time with 41% of patients reporting diarrhea in the first 8 weeks of
treatment, 15% in Weeks 8-16, and 8% in Weeks 16-24. Diarrhea resulted in
treatment interruption in 3% of VONJO-treated patients. None of the VONJOtreated patients reported diarrhea that resulted in treatment discontinuation.
Serious diarrhea adverse reactions occurred in 2% of patients treated with
VONJO compared to no such adverse reactions in patients in the control arm.
Control preexisting diarrhea before starting VONJO treatment. Manage diarrhea
with antidiarrheal medications, fluid replacement, and dose modification. Treat
diarrhea with antidiarrheal medications promptly at the first onset of
symptoms. Interrupt or reduce VONJO dose in patients with significant diarrhea
despite optimal supportive care.
5.3 Thrombocytopenia
VONJO can cause worsening thrombocytopenia. VONJO dosing was reduced
due to worsening thrombocytopenia in 2% of patients with preexisting
moderate to severe thrombocytopenia (platelet count <100 x 109/L). VONJO
dosing was reduced due to worsening thrombocytopenia in 2% of patients with
preexisting severe thrombocytopenia (platelet count <50 x 109/L). Monitor
platelet count prior to VONJO treatment and as clinically indicated during
treatment. Interrupt VONJO in patients with clinically significant worsening of
thrombocytopenia that lasts for more than 7 days. Restart VONJO at 50% of the
last given dose once the toxicity has resolved. If toxicity recurs, hold VONJO.
Restart VONJO at 50% of the last given dose once the toxicity has resolved.

5.4 Prolonged QT Interval
VONJO can cause prolongation of the QTc interval. QTc prolongation of >500 msec
was higher in VONJO-treated patients than in patients in the control arm (1.4%
vs 1%). QTc increase from baseline by 60 msec or higher was greater in VONJOtreated patients than in control arm patients (1.9% vs 1%). Adverse reactions of
QTc prolongation were reported for 3.8% of VONJO-treated patients and 2% of
control arm patients. No cases of torsades de pointes were reported.
Avoid use of VONJO in patients with a baseline QTc of >480 msec. Avoid use of
drugs with significant potential for QTc prolongation in combination with VONJO.
Correct hypokalemia prior to and during VONJO treatment. Manage QTc
prolongation using VONJO interruption and electrolyte management.
5.5 Major Adverse Cardiac Events (MACE)
Another Janus associated kinase (JAK) inhibitor has increased the risk of MACE,
including cardiovascular death, myocardial infarction, and stroke (compared to
those treated with TNF blockers) in patients with rheumatoid arthritis, a
condition for which VONJO is not indicated.
Consider the benefits and risks for the individual patient prior to initiating or
continuing therapy with VONJO, particularly in patients who are current or past
smokers and patients with other cardiovascular risk factors. Patients should be
informed about the symptoms of serious cardiovascular events and the steps to
take if they occur.
5.6 Thrombosis
Another JAK inhibitor has increased the risk of thrombosis, including deep
venous thrombosis, pulmonary embolism, and arterial thrombosis (compared
to those treated with TNF blockers) in patients with rheumatoid arthritis, a
condition for which VONJO is not indicated. Patients with symptoms of
thrombosis should be promptly evaluated and treated appropriately.
5.7 Secondary Malignancies
Another JAK inhibitor has increased the risk of lymphoma and other
malignancies, excluding non-melanoma skin cancer (NMSC), (compared to
those treated with TNF blockers) in patients with rheumatoid arthritis, a
condition for which VONJO is not indicated. Patients who are current or past
smokers are at additional increased risk.
Consider the benefits and risks for the individual patient prior to initiating or
continuing therapy with VONJO, particularly in patients with a known
malignancy (other than a successfully treated NMSC), patients who develop a
malignancy, and patients who are current or past smokers.
5.8 Risk of Infection
Another JAK inhibitor has increased the risk of serious infections (compared to
best available therapy) in patients with myeloproliferative neoplasms. Serious
bacterial, mycobacterial, fungal, and viral infections may occur in patients
treated with VONJO. Delay starting therapy with VONJO until active serious
infections have resolved. Observe patients receiving VONJO for signs and
symptoms of infection and manage promptly. Use active surveillance and
prophylactic antibiotics according to clinical guidelines.
5.9 Interactions With CYP3A4 Inhibitors or Inducers
Coadministration of VONJO with strong CYP3A4 inhibitors or inducers is
contraindicated. Avoid concomitant use of VONJO with moderate CYP3A4
inhibitors or inducers.
6 ADVERSE REACTIONS
The following clinically significant adverse reactions are described elsewhere
in the labeling:
• Hemorrhage [see Warnings and Precautions (5.1)]
• Diarrhea [see Warnings and Precautions (5.2)]
• Thrombocytopenia [see Warnings and Precautions (5.3)]
• Prolonged QT Interval [see Warnings and Precautions (5.4)]
• Major Adverse Cardiac Events [see Warnings and Precautions (5.5)]
• Thrombosis [see Warnings and Precautions (5.6)]
• Secondary Malignancies [see Warnings and Precautions (5.7)]
• Risk of Infection [see Warnings and Precautions (5.8)]
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.

6 ADVERSE REACTIONS (cont.)
6.1 Clinical Trials Experience (cont.)
PERSIST-2 Trial
The safety of VONJO was evaluated in the randomized, controlled PERSIST-2
trial. In PERSIST-2, key eligibility criteria included adults with intermediate or
high-risk primary or secondary (PPV or PET) MF with splenomegaly and a
platelet count ≤100 × 109/L. Prior JAK inhibitor therapy was permitted. Patients
received VONJO at 200 mg twice daily (n=106), 400 mg once daily (n=104), or
best available therapy ([BAT] n=98). Forty-seven (44%) of the 106 patients
treated with VONJO 200 mg twice daily had a baseline platelet count of
<50 x 109/L. The 400 mg once daily dose could not be established to be safe,
so further information on this arm is not provided.
In PERSIST-2, among the 106 patients treated with VONJO 200 mg twice daily,
the median baseline hemoglobin was 9.7 g/dL, and the median drug exposure
was 25 weeks. Fifty-four percent of patients were exposed for 6 months, and
18% were exposed for approximately 12 months. Accounting for dose
reductions, the average daily dose (mean relative dose intensity) and median
daily dose (median relative dose intensity) were 380 mg (95%) and 400 mg
(100%), respectively, for patients receiving VONJO twice daily.
The median age of patients who received VONJO 200 mg twice daily was 67 years
(range: 39 to 85 years), 59% were male, 86% were White, 3% were Asian, 2% were
Native Hawaiian or Other Pacific Islander, 0% were Black, 9% did not report race,
and 87% had an Eastern Cooperative Oncology Group performance status of 0 to 1.
Serious adverse reactions occurred in 47% of patients treated with VONJO
200 mg twice daily and in 31% of patients treated with BAT. The most frequent
serious adverse reactions occurring in ≥3% patients receiving VONJO 200 mg
twice daily were anemia (8%), thrombocytopenia (6%), pneumonia (6%),
cardiac failure (4%), disease progression (3%), pyrexia (3%), and squamous cell
carcinoma of skin (3%). Fatal adverse reactions occurred in 8% of patients
receiving VONJO 200 mg twice daily and in 9% of patients treated with BAT. The
fatal adverse reactions among patients treated with VONJO 200 mg twice daily
included events of disease progression (3%), and multiorgan failure, cerebral
hemorrhage, meningorrhagia, and acute myeloid leukemia in <1% of patients
each, respectively.
Permanent discontinuation due to an adverse reaction occurred in 15% of
patients receiving VONJO 200 mg twice daily compared to 12% of patients
treated with BAT. The most frequent reasons for permanent discontinuation in
≥2% of patients receiving VONJO 200 mg twice daily included anemia (3%) and
thrombocytopenia (2%).
Drug interruptions due to an adverse reaction occurred in 27% of patients who
received VONJO 200 mg twice daily compared to 10% of patients treated with BAT.
The most frequent reasons for drug interruption in ≥2% of patients receiving
VONJO 200 mg twice daily were anemia (5%), thrombocytopenia (4%), diarrhea
(3%), nausea (3%), cardiac failure (3%), neutropenia (2%), and pneumonia (2%).
Dosage reductions due to an adverse reaction occurred in 12% of patients who
received VONJO 200 mg twice daily compared to 7% of patients treated with
BAT. Adverse reactions requiring dosage reduction in ≥2% of patients who
received VONJO 200 mg twice daily included thrombocytopenia (2%),
neutropenia (2%), conjunctival hemorrhage (2%), and epistaxis (2%).
The most common adverse reactions in ≥20% of patients (N=106) were
diarrhea, thrombocytopenia, nausea, anemia, and peripheral edema.
Table 5 summarizes the common adverse reactions in PERSIST-2 during
randomized treatment.
Table 5 Adverse Reactions Reported in ≥10% Patients Receiving VONJO (200 mg
Twice Daily) or BAT During Randomized Treatment in PERSIST-2
Adverse Reactions
Diarrhea
Thrombocytopenia
Nausea
Anemia
Peripheral edema
Vomiting
Dizziness
Pyrexia
Epistaxis
Dyspnea
Pruritus
Upper respiratory tract infection
Cough
a Grade by CTCAE Version 4.03.

VONJO (200 mg Twice Daily)
(N=106)
All Gradesa
Grade ≥3
%
%
48
4
34
32
32
1
24
22
20
1
19
0
15
1
15
1
12
5
10
0
10
2
10
0
8
2

Best Available Therapy
(N=98)
All Gradesa
Grade ≥3
%
%
15
0
23
18
11
1
15
14
15
0
5
1
5
0
3
0
13
1
9
3
6
0
6
0
10
0

7 DRUG INTERACTIONS
7.1 Effect of Other Drugs on VONJO
Strong and Moderate CYP3A4 Inhibitors
VONJO is predominantly metabolized by CYP3A4. In a clinical drug interaction
study, a single dose of VONJO 400 mg was administered following treatment
with clarithromycin, a strong CYP3A4 inhibitor. Clarithromycin was administered
as 500 mg twice daily for 5 days, which is a submaximal regimen for CYP3A4
inhibition. Compared to VONJO administered alone, the area under the
concentration curve (AUC) and maximal concentration (Cmax) of pacritinib
increased by 80% and 30%, respectively, upon coadministration with
clarithromycin. The increase in exposure to pacritinib may be even higher when
tested following a longer treatment with clarithromycin that results in maximal
CYP3A4 inhibition. The impact of moderate CYP3A4 inhibitors on the
pharmacokinetics of VONJO has not been investigated in clinical studies.
Coadministration of VONJO with strong CYP3A4 inhibitors is contraindicated.
Avoid concomitant use of VONJO with moderate CYP3A4 inhibitors.
Strong and Moderate CYP3A4 Inducers
In a clinical drug interaction study, a single dose of VONJO 400 mg was
administered following treatment with rifampin, a strong CYP3A4 inducer, at
600 mg once daily for 10 days. Compared to VONJO administered alone, the AUC
and Cmax of pacritinib decreased by 87% and 51%, respectively, upon
coadministration with rifampin. The impact of moderate CYP3A4 inducers on
the pharmacokinetics of VONJO has not been investigated in clinical studies.
Coadministration of VONJO with strong CYP3A4 inducers is contraindicated.
Avoid concomitant use of VONJO with moderate CYP3A4 inducers.
7.2 Effect of VONJO on Other Drugs
CYP1A2 or CYP3A4 Substrates
VONJO is an inhibitor of CYP1A2 and CYP3A4 in vitro. Concomitant administration
of VONJO with CYP1A2 or CYP3A4 substrates may increase the plasma
concentrations of these substrates. Avoid coadministration of VONJO with drugs
that are sensitive substrates of CYP1A2 or CYP3A4.
P-gp, BCRP, or OCT1 Substrates
VONJO is an inhibitor of P-glycoprotein (P-gp), breast cancer resistance protein
(BCRP), and organic cation transporter 1 (OCT1) in vitro. Concomitant
administration of VONJO with P-gp, BCRP, or OCT1 substrates may increase the
plasma concentrations of these substrates. Avoid coadministration of VONJO
with drugs that are sensitive substrates of P-gp, BCRP, or OCT1.
8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Risk Summary
There are no available data on VONJO use in pregnant women to evaluate for a
drug-associated risk of major birth defects, miscarriage, or adverse maternal or
fetal outcomes. In animal reproduction studies, administration of pacritinib to
pregnant mice or rabbits at exposures that were considerably lower than those
observed at the recommended human dose were associated with maternal
toxicity and embryonic and fetal loss. Advise pregnant women of the potential
risk to a fetus. Consider the benefits and risks of VONJO for the mother and
possible risks to the fetus when prescribing VONJO to a pregnant woman.
The estimated background risk of major birth defects and miscarriage for the
indicated population(s) is unknown. All pregnancies have a background risk of
birth defect, loss, or other adverse outcomes. 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
Pacritinib was administered orally to pregnant mice at doses of 30, 100, or
250 mg/kg/day from gestation day 6 to gestation day 15. Pacritinib was also
administered orally to pregnant rabbits at doses of 15, 30, or 60 mg/kg/day from
gestation day 7 until gestation day 20. In both species, pacritinib was
associated with maternal toxicity, which resulted in postimplantation loss in
mice, abortions in rabbits, and reduced fetal body weights in mice and rabbits
at exposures 0.1 times (mice) and 0.3 times (rabbits) the exposure at the
recommended human dose (AUC-based). In mice, the high dose was
associated with an increased incidence of an external malformation (cleft
palate) in the presence of maternal toxicity.

8 USE IN SPECIFIC POPULATIONS (cont.)
8.1 Pregnancy (cont.)
In a pre- and post-natal development study in mice, pregnant animals were
dosed with pacritinib from implantation through lactation at 30, 100, or
250 mg/kg/day. Maternal toxicity was noted at 250 mg/kg and associated
with increased gestation length and dystocia, lowered mean birth weights
and neonatal survival, and transiently delayed startle response, learning, and
memory development at weaning.
8.2 Lactation
Risk Summary
There are no data on the presence of pacritinib in either human or animal milk,
the effects on the breastfed child, or the effects on milk production. It is not
known whether VONJO is excreted in human milk. Because of the potential for
serious adverse reactions in the breastfed child, advise patients that
breastfeeding is not recommended during treatment with VONJO, and for
2 weeks after the last dose.
8.3 Females and Males of Reproductive Potential
Infertility
Males
Pacritinib reduced male mating and fertility indices in BALB/c mice. Pacritinib
may impair male fertility in humans.
8.4 Pediatric Use
Safety and effectiveness in pediatric patients have not been established.
8.5 Geriatric Use
Clinical studies of VONJO did not include sufficient numbers of subjects aged 65
and over to determine whether they respond differently from younger subjects.
8.6 Hepatic Impairment
Administration of a single dose of VONJO 400 mg to subjects with hepatic
impairment resulted in a decrease in the geometric mean AUC of pacritinib by
8.5%, 36%, and 45% in subjects with mild [Child-Pugh A], moderate [Child-Pugh
B], or severe hepatic impairment [Child-Pugh C], respectively, compared to
subjects with normal hepatic function. Avoid use of VONJO in patients with
moderate [Child-Pugh B] or severe hepatic impairment [Child-Pugh C].
8.7 Renal Impairment
Administration of a single dose of VONJO 400 mg to subjects with renal
impairment resulted in approximately 30% increase in Cmax and AUC of pacritinib
in subjects with eGFR 15 to 29 mL/min and eGFR <15 mL/min on hemodialysis
compared to subjects with normal renal function (eGFR ≥90 mL/min). Avoid use
of VONJO in patients with eGFR <30 mL/min.
17 PATIENT COUNSELING INFORMATION
See FDA approved patient labeling (Patient Information).
Discuss the following with patient prior to and during treatment with VONJO:
Current therapy with another kinase inhibitor
Advise patients who are currently taking a kinase inhibitor that they must taper
or discontinue their current kinase inhibitor therapy according to the package
insert for that drug prior to starting VONJO.
Hemorrhage
Advise patients that VONJO can cause hemorrhage and instruct them to consult
their healthcare provider right away if bleeding occurs. Advise patients about
how to recognize bleeding and of the urgent need to report any unusual
bleeding to their physician. Patients should urgently seek emergency medical
attention for any bleeding that cannot be stopped.
Diarrhea
Advise patients that VONJO can cause diarrhea. Advise patients to stay hydrated
while taking VONJO and to inform their physician if they experience diarrhea.
Instruct patients to initiate antidiarrheal medications (eg, loperamide) if
diarrhea occurs. Advise patients to urgently seek emergency medical attention
if diarrhea becomes severe.
Thrombocytopenia
Advise patients that VONJO is associated with thrombocytopenia, and of the
need to monitor complete blood counts before and during treatment.
Prolonged QT Interval
Advise patients to consult their healthcare provider immediately if they feel
faint, lose consciousness, or have signs or symptoms suggestive of arrhythmia.
Advise patients with a history of hypokalemia of the importance of monitoring
their electrolytes.

Major Adverse Cardiac Events (MACE)
Advise patients that events of MACE including myocardial infarction, stroke, and
cardiovascular death, have been reported in clinical studies with another JAK
inhibitor used to treat rheumatoid arthritis, a condition for which VONJO is not
indicated. Advise patients, especially current or past smokers or patients with
other cardiovascular risk factors, to be alert for the development of signs and
symptoms of cardiovascular events.
Thrombosis
Advise patients that events of deep vein thrombosis (DVT) and pulmonary
embolism (PE) have been reported in clinical studies with another JAK inhibitor
used to treat rheumatoid arthritis, a condition for which VONJO is not indicated.
Advise patients to tell their healthcare provider if they develop any signs or
symptoms of a DVT or PE.
Secondary Malignancies
Advise patients, especially current or past smokers and patients with a known
secondary malignancy (other than a successfully treated NMSC), that
lymphoma and other malignancies (excluding NMSC) have been reported in
clinical studies with another JAK inhibitor used to treat rheumatoid arthritis, a
condition for which VONJO is not indicated.
Infections
Advise patients that treatment with another JAK inhibitor has increased the risk
of serious infections in patients with myeloproliferative neoplasms and that
serious bacterial, mycobacterial, fungal, and viral infections may occur in
patients treated with VONJO. Inform patients of the signs and symptoms of
infection and to report any such signs and symptoms promptly.
Nausea and Vomiting
Advise patients that nausea and vomiting may occur during treatment with
VONJO. Instruct them on how to manage nausea and vomiting and to immediately
inform their healthcare provider if nausea/vomiting become severe.
Drug-Drug Interactions
Advise patients to inform their healthcare providers of all medications they are
taking, including prescription and over-the-counter medications, vitamins,
herbal products, and dietary supplements.
Dosing
Advise patients to take VONJO twice a day, with or without food or drink, at
similar times each day. Instruct patients to swallow the VONJO capsules whole
and not to open, break, or chew the capsules. Instruct patients that if they miss
a dose of VONJO, to skip the dose and take the next dose when it is due and
return to the normal schedule. Warn patients not to take 2 doses to make up for
the missed dose. Instruct patients to discontinue VONJO 7 days prior to any
surgery or invasive procedures (such as cardiac catheterization, coronary
stenting, or varicose vein ablation) due to the risk of bleeding and to only
restart VONJO on the instruction of their healthcare provider. Patients should
not change or stop taking VONJO without first consulting their physician.
Lactation
Advise patients to avoid breastfeeding while taking VONJO and for 2 weeks after
the final dose.
Additional information can be found at VONJO.com.
Manufactured and marketed by:
CTI BioPharma Corp.
3101 Western Ave #800
Seattle, WA 98121
VONJO™ is a trademark of CTI BioPharma Corp.
©2022 CTI BioPharma Corp. All rights reserved.
US-PAC-2100050 02/2022

Clinical Perspectives

H E M ATO LO G I C M A L I G N A N C I E S

Third Dose of COVID-19 Vaccine
Improves Response in Patients Treated
With HCT and Cellular Therapies
by KYLE DOHERTY

PATIENTS WHO UNDERGO hematopoietic

a high COVID-19–attributable mortality rate that
exceeded nearly 41% at 30 days.3

and examined serological responses to a third
mRNA vaccine dose, primarily to the BNT162b2
and mRNA-1273 vaccines. The key inclusion criteria was that all patients did not seroconvert to
any degree after receiving the 2-dose primary
vaccination series.
Patients had their immune responses checked
after 2 doses [and] after third dose. [We also
ensured patients] had enough time between
the second and the third dose [28 days], as
well as between the third dose and a humoral
response assessment [14 days], to be able to
mount a response based on their delayed
immune reconstitution.
We excluded patients who had developed
COVID-19 any time prior to the third dose, just to
be homogenous. For detection of antibodies at all
time points, we used a single validated immunoassay that detected an immunoglobulin G [IgG]
directed against the receptor-binding domain of
the S1 subunit of the spike protein of the virus.

cell transplantation (HCT) or receive cellular
therapies have been shown to have suboptimal
outcomes after COVID-19 infection. Poor serologWhat inspired your team’s analysis
Q of serological responses to a third
ical response to the initial 2-dose SARS-CoV-2
messenger RNA (mRNA) vaccine series has
vaccine dose in this population?
prompted investigators to assess the
This subset of immunocompromised
effect a third dose may have in improvpatients do not mount an adequate
ing outcomes for this population.
immune response to SARS-CoV-2
In a study published in Cancer Cell,
vaccines, particularly a humoral
investigators evaluated 75 patients
immune response. We [must] resort
treated with allogenic HCT (n = 30),
to certain novel strategies in parallel
autologous HCT (n = 26), chimeric anti[to vaccination].
gen receptor (CAR) T-cell therapy
Over the past few months, we [have
(n = 10), or bispecific T-cell engagers
seen]
in the general population that
Muhammad Bilal
(n = 9; BiTEs), who did not seroconwaning
immunity can be counteracted
Abid, MD, MRCP
vert after their primary vaccination
with an additional dose of a SARS-CoV-2
series.1 Following a third dose of a SARS-CoV-2
vaccine. That was the first thing we wanted to
explore—a third dose of an mRNA-based vaccine.
mRNA vaccine, 59% developed antibodies
We are looking at several ways of how we can
against COVID-19 (TAB L E 1). The seroconversion
improve immune response in this patient subset,
rates were 58%, 63%, 40%, and 67%, respecand this was the first avenue we wanted to explore.
tively. No significant differences were reported
between vaccination with the approved vaccines
What were the key findings from your
Q research? Did you find any of them
BNT162b2, mRNA-1273, or mix and match.
Please describe the methods used
Q for the research.
In an interview with OncologyLive®, Muhammad
particularly surprising?
Bilal Abid, MD, MRCP, a coauthor of the study,
With this background in mind, we designed this
With these inclusion and exclusion criteria,
discussed the rationale of the study and clinistudy with strict inclusion and exclusion criteria
we put together a cohort of 75 patients that
cal takeaways regarding the standard use of a
third SARS-CoV-2 mRNA vaccine dose among
patients treated with HCT, CAR T-cell therapy,
TA B L E . C h a r a cteristics of Pa tients With a nd Witho u t Thir d Bo o ster
and BiTEs. Abid is an assistant professor of mediRes pons e A f ter I nitia l Nonr es pons e 1
cine in the Divisions of Hematology/Oncology
Response to third vaccine booster (N = 75)
59%
and Infectious Diseases at the Medical College of
Wisconsin in Milwaukee.
Response to third booster

What is known about transplant and
Q cell therapy recipients and their
outcomes after infection with COVID-19?
By now, we know that when transplant recipients,
particularly HCT recipients and CAR T-cell recipients, develop COVID-19, they have poor outcomes.
In the large CIBMTR [Center for International
Blood and Marrow Transplant Research] analysis
that included 318 patients, we showed a mortality
rate of [approximately] 30% at 30 days after HCT
recipients developed COVID-19.2
Another similarly designed registry analysis
by the European [Society for] Blood and Marrow
Transplant Registry that included 56 CAR T-cell
recipients, who predominantly received CD19,
showed that all adults, except for 1 child, also had

Characteristic

Seroconversion (n = 44)

No seroconversion (n = 31)

Male

53%

47%

Female

71%

29%

< 12 months

56%

44%

≥ 12 months

61%

39%

172 (28-296)

165 (93-223)

Allogeneic HCT

58%

42%

Autologous HCT

63%

37%

CAR T

40%

60%

Myeloma BiTE

67%

33%

Gender

Interval between HCT or cellular therapy and vaccine dose

Median interval between second dose
and booster, days (range)
Type of HCT or cellular therapy

BiTE, bispecific T-cell engager; CAR, chimeric antigen receptor; HCT, hematopoietic cell transplantation.
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included 30 autologous recipients, 26 allogeneic
recipients, 10 CAR T-cell recipients, and 9 BiTE
recipients. All [those treated with BiTEs] were
patients with myeloma, predominantly treated
with BCMA [B-cell maturation antigen]–directed
BiTEs and a handful treated with GPCR
[G protein–coupled receptor]–directed BiTEs.
I want to reiterate that all 75 of these patients
had not seroconverted to any degree after receiving 2 doses of the initial primary vaccination
series. Fifty-nine percent of patients developed
protective antibodies after the third dose. When
stratified by subgroups, the seroconversion rates
were: 63% among autologous transplantation
recipients; 58% among allogeneic transplantation recipients; 40% among CAR T-cell recipients,
which was the lowest seroconversion rate; and
67% among myeloma BiTE recipients.
[Although] we found no significant differences
in seroconversion rates based on contemporary
relevant clinical variables, corticosteroid usage
stood out both in terms of seroconversion rates
and median IgG antispike titers post third dose.
There was a significant difference between the
titers among patients who were receiving any
dose of corticosteroids at the time of the third
dose vs those who were not.
On subgroup analysis, we also noted a significant difference in seroconversion rates between
[patients with] myeloma and lymphoma. In the
autologous transplant subgroup, [patients with]
myeloma seroconverted better than patients
with lymphoma.
A couple findings that were surprising to our
group were that we looked at gender in a binary
manner—the data limited us and forced us to
do that—and [although] there were no significant differences in seroconversion rates between
men and women, the median titers after a third
those were significantly higher among women
[compared with] men. The other surprising finding was that although seroconversion rates were
decent among BiTE recipients after the third
dose, median antispike titers were low among
myeloma BiTE recipients. We believe these findings are hypothesis generating and will lead to
further studies.

How do these findings fit with other
studies that have examined vaccine
doses in transplant recipients?

Q

The data on the efficacy and safety of a third dose
in this subgroup of patients are limited. [So far],
3 other studies have reported data with a third dose
in an allogeneic transplant recipient [population].
[Investigators of] one study observed 70 patients,
another study observed 42 patients, and a third
study observed 38 patients. [These studies] examined response to accumulative 3 doses. [The results
were] consistent [and investigators of] one [study]
reported a seroconversion rate of 41% and another
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was similar. The study that looked at 38 patients
cumulatively after 3 doses reported a response rate
of 87%. [We concluded] that a third dose is very
important for this subgroup of patients.

Expanding a little bit on what was
found regarding CAR T-cell recipients,
what would you say are some of the
factors that are indigenous to this
population that may have accounted for
blunted responses to vaccines?

Q

Continued blunted responses are concerning
among [patients who receive] CAR T-cell therapies. They are certainly an incongruence with
other reported literature. Recipients of CAR T-cell
therapy are profoundly immunosuppressed by
the time they get the CAR T-cell therapy, primarily because of their underlying disease being
so refractory.
By the time they get to CAR T-cell therapy,
patients are not maintaining good performance
status. Factors related to this include the underlying CAR T construct, signaling domain, the
antigen that it targets, the severity and duration
of cytokine release syndrome, and immunomodulators that are used to counteract these early
on-target, off-tumor toxicities. Some of the other
collateral damage that comes along with CAR
T-cell therapy, such as prolonged B-cell aplasia
[and] prolonged cytopenia, are some of the factors
that are driving these continued and consistently
blunted immune responses in [patients who have
received] CAR T-cell therapies.

studies—1 or 2 at the most. It is early and premature. [Patients with] multiple myeloma who are
receiving BiTEs are relapsed or refractory, [and]
with each subsequent relapse, the disease biology
changes, accumulation of mutations occur, and
patient performance status declines.
There is so much going on, and then BiTEs come
in and target specific tumor antigens, and deplete
normal cells that also bear those antigens [and]
there is a certain degree of collateral damage.
At this point in time, it would be premature to
comment on that. As a greater body of data evolve,
we would be in a better position to comment on
some of the mechanisms that underlay blunted
immune responses.

Q

Are there any limitations to this
analysis that should be noted?

There are limitations to our study that are indigenous to the retrospective design of the study.
We were limited by the data we had. We did not
have serial assessment of humoral response at
predefined time points. We did not capture any
cellular immune responses, which are equally as
important as the antibody responses.
In terms of the latest variant of concern, the
B.1.1.529 Omicron variant—which we, luckily, are
almost over with at this point—we can’t comment
on protection with a third dose. [This is] primarily because our cohort included 8 patients who
were treated either after or around November
26, 2021, [which was when] the World Health
Organization declared the Omicron variant as a
variant of concern.

Are there any approaches being
explored to overcome some of these
challenges faced with getting responses in
these patients?

Are there any next steps to this
research? Are there any open questions
you would like to see answered?

First and foremost, mitigation strategies, [such
as] the vaccination, of all health care providers
caring for this group of patients. Caregivers [who
are] involved should be completely vaccinated
with a booster dose.
A third dose for the patients themselves is also
imperative, and an additional fourth dose is now
recommended by the CDC, per the revised guidelines, at least 3 months out from the third dose.
Novel strategies, such as early usage of broadly
acting monoclonal antibodies, that are approved
for usage in either the prophylactic setting and
a preexposure setting, or to prevent the progression of COVID-19 from mild to moderate or severe
illness, could certainly be used earlier in patients
who are at a higher risk of a diminished response
or no responses to any dose of vaccines.

We need to see the efficacy and safety data of
monoclonal antibodies—sotrovimab [Xevudy]
and tixagevimab and cilgavimab [Evusheld]—
in the preexposure setting for the prevention of
progression of illness. That’s something that’s
worth exploration.
[We also would like to see data on] a fourth
dose among the subset that do not seroconvert or
have low responses after 3 doses. [That] is also
worth exploration. There are large prospective
studies that are ongoing, such as a large CIBMTR
[Blood and Marrow Transplant Clinical Trials
Network] study, [the] interim analysis results
[of which] will be presented at the American
Society for Transplantation and Cellular Therapy
[2022 Tandem Meetings]. We are keenly looking
forward to those results.

Q

What were the top takeaways from
the data readout for patients who
received BiTEs?

Q

In terms of BiTE recipients, there are no data
on vaccine responses. There are very small

Q

Q

What would you say your colleagues
should take away from this research?

The big takeaway from our study is that a third
dose works. A third dose should be considered for
COVID-19, CONTINUED ON PAGE 54 
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every transplant, CAR T-cell therapy, and BiTE
recipient as often as possible.
For patients who do not respond to a third dose,
a subset of patients will benefit from the reassessment of antibodies. If a third dose does not work,
go for a fourth dose. This should be discussed

with an infectious disease colleague at the
center. There is a multidisciplinary collaborative
approach that we [must] provide.
Talk to your clinical trials office and keep talking
to your industry partner [and] see whether you
can [have] some [access to] antibody usage going

on this subset of patients, even if it’s off-label. At
the end of the day, we are all clinicians, and the
patient’s best interest is first and foremost. ■
For a full list of references,
see the article at

.

Analysis of Genomic Alterations in Metastases
Could Help Inform Treatment in RCC
by CHRIS RYAN

We sought to utilize a commercial database
A DISTINCT PATTERN OF metastasis is assothrough [Caris Life Sciences] of RCC tumors
ciated with prognostic significance in renal
from primary and distant metastases to comprecell carcinoma (RCC), and identifying underhensively characterize the molecular features
lying genetic components of those metastases
across sites of metastases. Our analysis was
could help inform personalized treatment strat3-pronged in nature. We looked at mutations
egies for this patient population, according to
and polymorphisms using initially
Rana R. McKay, MD.
a 592-gene panel and whole exome
Several genes of interest have been
sequencing. We did whole transcripidentified in various metastases of the
tome sequencing and PD-L1 expression
lung, liver, bone, and more, and McKay
on over 650 distinct samples.
said understanding the common mutaWe identified that there are mutations
tions related to these sites can provide
and, [in] the distribution of mutations
valuable insight into treatment.
of selected genes across different meta“The sights of metastases have differstatic sites, there are common mutations
ent genomic underpinnings compared
Rana R.
that exist in kidney cancer, whether
with the kidney, and that could [affect]
McKay, MD
they are in the primary [tumor] or in the
outcomes,” said McKay, a medical oncolometastasis. Those are VHL mutations, PBRM1,
gist and associate professor of medicine at Moores
SETD2, and KDM5C.
Cancer Center, University of California San Diego
We also realized that there are differHealth. “Over the past almost 2 decades, we have
ences when you look at the various sites
seen the life expectancy for patients with advanced
compared with the kidney, and observed
kidney cancer lengthen and that is because of
that PBRM1 alterations were more frequent in
advances in the therapeutic paradigm, which is
the lung, bone, [and] endocrine glands relative to
excellent to see. We still have work to do, but it has
the kidney. SETD2 seemed to be more prevalent
been exciting to be a part of that process.”
in lung and gastrointestinal [GI] metastases. P53
In an interview with OncologyLive® during the
was more prevalent in the bone and central
2022 Genitourinary Cancers Symposium (2022
nervous system [CNS], and P10 was more
ASCO GU), McKay discussed findings from a
prevalent in liver and CNS [metastases].
real-world study on genomic alterations of metasThe other thing that we did was look at the
tases in RCC,1 and the rationale of the phase 3
[phase 3 IMmotion151 trial (NCT02420821)
COSMIC-313 trial (NCT03937219) in patients with
led by Robert J. Motzer, MD, of Memorial Sloan
previously untreated advanced or metastatic RCC.
Kettering Cancer Center, examining] gene clusters across the different sites of metastasis [and
What do the real-world data on
Q genomic alterations and transcriptional saw] differences in the molecular subgroup classifications between primary and metastatic sites.
signatures across the spectrum of
As we look at the breakdown more granularly,
metastatic sites tell us about RCC?
lung, bone, liver, skin, and GI metastases seem
We know from several large databases that site
to have divergent molecular subtypes relative to
of metastasis is prognostic in RCC. We and others
the kidney, lung, and bone, [which] were enriched
have demonstrated that bone and liver metasfor the angiogenic stromal signature, whereas
tases are associated with worse prognosis, and
liver [tissue] seemed to be more enriched for the
pancreas metastases are associated with better
complement/Ω-oxidation signature.
prognosis. We are lacking with regard to underThat is important because these signatures
lying data as to why that is. Why does site of
have been associated with differential outcomes
metastasis matter?
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to treatments. For example, the angiogenic stromal signature seems to be associated with a more
robust response to tyrosine kinase inhibitor
[TKI]–based therapies, whereas a T-effector proliferative signature seems to be associated with a
more robust response to immunotherapy. [And]
the complement/Ω-oxidation signature is [among
the] signatures that has been shown to be associated with poor outcomes in general.
As we think about the application of these data,
understanding the molecular underpinnings for
organotropism is going to help us personalize strategies for patients with kidney cancer in the future.
What is lacking from this data set right now
is clinical outcomes. We do not have the overlay of, “How did these patients do in this dataset?
How did those patients with bone metastases that
had X signature do with immunotherapy? How
did they do with targeted therapy?” Applying the
clinical outcomes will help us understand how to
optimize therapy selection for patients based on
sites of metastases for any given patient.

Q

What should be emphasized about
the results of this study?

Although there are some similarities between the
kidney and distant metastatic sites when we are
looking at various genes of interest, there are key
differences with the predominance of select genes
in different metastatic sites relative to the kidney.
The differences between the gene signatures in
different metastatic sites relative to the kidney
and the tumor microenvironment could play a
role with regard to treatment outcomes.

In terms of ongoing trials,
COSMIC-313 is examining the
combination of cabozantinib (Cabometyx)
with nivolumab (Opdivo) and ipilimumab
(Yervoy) in patients with advanced RCC.
What is unique about this study?

Q

This is a modern-day study that is looking at evaluating the triplet of ipilimumab/nivolumab [with]
cabozantinib, where the cabozantinib starts simultaneously with ipilimumab/nivolumab, compared

LY M P H O M A

with ipilimumab/nivolumab alone. This is 1 of
the first trials being designed with a modern-day
control arm of ipilimumab/nivolumab, as opposed
to a single-agent TKI in the frontline setting.
The trial is enrolling patients with intermediate- and poor-risk clear cell RCC. The trial has
completed accrual, and we are eagerly awaiting
the results, which have the potential to be practice changing. Since 2018, we have moved into
doublets in the frontline space, and with time, the
field is now pushing triplets [forward] for a select
population of patients.

Q

Do any specific areas within RCC
warrant additional research?

The big question is what to do in the adjuvant
setting. We saw data presented at [2022 ASCO
GU] from the phase 3 KEYNOTE-564 study
[NCT03142334] with updated 30-month follow-up
of the efficacy of pembrolizumab [Keytruda]
given in the adjuvant setting. There are a lot of
questions to be had around the role of adjuvant
immunotherapy. What is the right patient population? [Should we give a] single agent or can we
combine [agents in the adjuvant setting]?

Clinical Perspectives
These are the next questions in the field. For
patients that have received adjuvant immunotherapy, what is the best frontline option for them?
Do the data of all the [immunotherapy] combinations in frontline studies still apply to somebody
who is not naïve to checkpoint inhibitors and has
progressed despite checkpoint inhibitors? As the
treatments improve, new questions come up, and
the landscape is shifting. ■
For a full list of references,
see the article at

.

NCCN T-cell Lymphoma Guidelines
Integrate Duvelisib in Second Line
by CAROLINE SEYMOUR

THE NATIONAL COMPREHENSIVE Cancer

The agent is under study in patients with
relapsed/refractory PTCL in the phase 2, openNetwork (NCCN) Clinical Practice Guidelines in
label, multicenter PRIMO trial (NCT03372057),
Oncology has been updated to include duvelisib
consisting of a dose-optimization and a
(Copiktra) as a category 2A–designated option for
dose-expansion phase.
second-line and subsequent treatment of patients
Initial results of the dose-optimization phase
with relapsed/refractory peripheral T-cell
(n = 33) demonstrated objective response rates
lymphoma (PTCL), regardless of intent to proceed
(ORRs) of 54% and 35% in the 75-mg twice
to transplant.1
daily (n = 13) and 25-mg twice daily (n = 20)
“It’s important to recognize that patients
cohorts, respectively.
with relapsed/refractory PTCL have a
To be eligible for enrollment in the
very poor prognosis, with an OS [overexpansion phase, patients had to have
all survival] that is less than 6 months,”
histologically confirmed relapsed/
said Barbara Pro, MD, clinical direcrefractory PTCL, measurable disease
tor of the lymphoma program at Herbert
per International Working Group criteIrving Comprehensive Cancer Center
ria, no history of allogeneic stem cell
at NewYork-Presbyterian/Columbia
transplant or treatment with a PI3K
University Irving Medical Center and a
inhibitor, and an ECOG performance
professor of medicine in the Department
Barbara Pro, MD
status between 0 and 2.
of Medicine, Division of Hematology/
Relapsed/refractory was defined such that
Oncology at Columbia University Vagelos College
patients had to have received at least 2 cycles of
of Physicians and Surgeons, in an interview
®
1 prior regimen administered with curative intent
with OncologyLive .
and failed to achieve a partial response or better
In October 2019, duvelisib, a dual PI3K-δ,γ
after at least 2 treatment cycles, or failed to achieve
inhibitor, received an orphan drug designaa complete response (CR) after at least 6 treatment
tion for the treatment of patients with T-cell
2
cycles, or progressed after initial response.
lymphoma. Duvelisib’s orphan drug status
Based on the dose-optimization results, patients
succeeded its fast track designation, which was
in the expansion phase received duvelisib at 75 mg
granted in September 2017 for patients with PTCL
twice daily for 2 cycles. Patients who achieved
who have received at least 1 prior therapy.3
a CR, a partial response, or stable disease went
“A number of agents have been FDA approved
on to receive 25 mg of duvelisib twice daily until
for patients with this disease, but overall, the
progressive disease or unacceptable toxicity.
response rates have been quite modest, so targetDisease response was evaluated by PET at the start
ing [the PI3K] pathway could be a very important
of cycle 2 and every 2 months thereafter.
strategy in this disease,” Pro said. She added that
The primary end point was ORR by independent
because duvelisib has not been approved yet for
review committee assessment. Secondary end
T-cell lymphoma, payers’ approval is difficult to
points included ORR by investigator assessment,
obtain. “The fact that now duvelisib is listed in
duration of response, progression-free survival,
the NCCN guidelines can make things a little bit
OS, disease control rate, and safety.
easier for us,” she said.

The median patient age was 66.5 years (range,
21-92), and approximately half of patients were
male (52%). The median time from initial diagnosis was 2.74 years (range, 1.21-17.38). Represented
subtypes included PTCL not otherwise specified (n = 42; 53.8%), angioimmunoblastic T-cell
lymphoma (n = 20; 29.6%), anaplastic large cell
lymphoma (n = 11; 14.1%), and other (n = 4; 5.2%).
The median number of prior therapies was
3 (range, 1-7).
In primary results of the expansion portion of
the study, which included the first 6 months of
data for 78 evaluable patients and which were
presented during the 63rd American Society of
Hematology Annual Meeting and Exposition, the
agent demonstrated an ORR of 50% (n = 39). The
CR rate was 32.1% (n = 25).4
The median time to response was 53 days
(range, 15-114), and the median duration of
response was 233 days (range, 1+ to 420+). At
data cutoff, 82.1% (n = 64) of patients had discontinued treatment because of disease progression
(43.6%), adverse effects (AEs; 17.9%), transplant
(6.4%), death (5.1%), or other (8.9%).
In terms of safety, any-grade treatment-emergent AEs (TEAEs) were transaminitis elevation
(48.7%), infections (39.7%), neutropenia (38.5%),
cutaneous reactions (33.3%), and diarrhea (25.6%).
Grade 3 or greater TEAEs included transaminitis elevation (26.9%), neutropenia (21.8%), and
infections (11.5%).
“Transaminitis is an expected and common
toxicity with this class of drugs that we should
try to pay attention to because we need to stop the
treatment or decrease the dose according to the
guidelines,” Pro said. ■
For a full list of references,
see the article at
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For appropriate patients faced with
relapsed/refractory multiple myeloma

FORGE AHEAD
WITH A BOLD APPROACH
Target BCMA for RRMM
BLENREP is the first and only BCMA-targeted ADC monotherapy.
So you can offer your RRMM patients a different option.

INDICATION
BLENREP is indicated for the treatment of adults with relapsed or
refractory multiple myeloma who have received at least 4 prior therapies,
including an anti-CD38 monoclonal antibody, a proteasome inhibitor, and
an immunomodulatory agent.
This indication is approved under accelerated approval based on response
rate. Continued approval for this indication may be contingent upon
verification and description of clinical benefit in a confirmatory trial(s).

IMPORTANT SAFETY INFORMATION
WARNING: OCULAR TOXICITY
BLENREP caused changes in the corneal epithelium resulting
in changes in vision, including severe vision loss and corneal
ulcer, and symptoms such as blurred vision and dry eyes.
Conduct ophthalmic exams at baseline, prior to each dose,
and promptly for worsening symptoms. Withhold BLENREP
until improvement and resume, or permanently discontinue,
based on severity.
Because of the risk of ocular toxicity, BLENREP is available
only through a restricted program under a Risk Evaluation
and Mitigation Strategy (REMS) called the BLENREP REMS.
ADC=antibody-drug conjugate; BCMA=B-cell maturation antigen;
RRMM=relapsed or refractory multiple myeloma.

Learn more at BLENREPHCP.com

IMPORTANT SAFETY INFORMATION

WARNINGS AND PRECAUTIONS

Ocular Toxicity: Ocular adverse reactions occurred in 77% of the
218 patients in the pooled safety population. Ocular adverse
reactions included keratopathy (76%), changes in visual acuity
(55%), blurred vision (27%), and dry eye (19%). Among patients with
keratopathy (n = 165), 49% had ocular symptoms, 65% had clinically
relevant visual acuity changes (decline of 2 or more lines on Snellen
Visual Acuity in any eye), and 34% had both ocular symptoms and
visual acuity changes.
Keratopathy: Keratopathy was reported as Grade 1 in 7% of patients,
Grade 2 in 22%, Grade 3 in 45%, and Grade 4 in 0.5% per the KVA
scale. Cases of corneal ulcer (ulcerative and infective keratitis) have
been reported. Most keratopathy events developed within the first
2 treatment cycles (cumulative incidence of 65% by Cycle 2). Of the
patients with Grade 2 to 4 keratopathy (n = 149), 39% recovered to
Grade 1 or lower after median follow-up of 6.2 months. Of the 61%
who had ongoing keratopathy, 28% were still on treatment, 9%
were in follow-up, and in 24% the follow-up ended due to death,
study withdrawal, or lost to follow-up. For patients in whom events
resolved, the median time to resolution was 2 months (range: 11 days
to 8.3 months).
Visual Acuity Changes: A clinically significant decrease in visual
acuity of worse than 20/40 in the better-seeing eye was observed in
19% of the 218 patients and of 20/200 or worse in the better-seeing
eye in 1.4%. Of the patients with decreased visual acuity of worse
than 20/40, 88% resolved and the median time to resolution was
22 days (range: 7 days to 4.2 months). Of the patients with
decreased visual acuity of 20/200 or worse, all resolved and the
median duration was 22 days (range: 15 to 22 days).
Monitoring and Patient Instruction: Conduct ophthalmic
examinations (visual acuity and slit lamp) at baseline, prior to each
dose, and promptly for worsening symptoms. Perform baseline
examinations within 3 weeks prior to the first dose. Perform each
follow-up examination at least 1 week after the previous dose and
within 2 weeks prior to the next dose. Withhold BLENREP until
improvement and resume at same or reduced dose, or consider
permanently discontinuing based on severity. Advise patients to
use preservative-free lubricant eye drops at least 4 times a day
starting with the first infusion and continuing until end of treatment.
Avoid use of contact lenses unless directed by an ophthalmologist.
Changes in visual acuity may be associated with difficulty for
driving and reading. Advise patients to use caution when driving or
operating machinery. BLENREP is only available through a restricted
program under a REMS.
Thrombocytopenia: Thrombocytopenia occurred in 69% of 218
patients in the pooled safety population, including Grade 2 in 13%,
Grade 3 in 10%, and Grade 4 in 17%. The median time to onset
of the first thrombocytopenic event was 26.5 days.
Thrombocytopenia resulted in dose reduction, dose interruption,
or discontinuation in 9%, 2.8%, and 0.5% of patients, respectively.
Grade 3 to 4 bleeding events occurred in 6% of patients, including
Grade 4 in 1 patient. Fatal adverse reactions included cerebral
hemorrhage in 2 patients. Perform complete blood cell counts at
baseline and during treatment as clinically indicated. Consider
withholding and/or reducing the dose based on severity.
Infusion-Related Reactions: Infusion-related reactions occurred
in 18% of 218 patients in the pooled safety population, including
Grade 3 in 1.8%. Monitor patients for infusion-related reactions. For
Grade 2 or 3 reactions, interrupt the infusion and provide supportive
treatment. Once symptoms resolve, resume at a lower infusion rate.
Administer premedication for all subsequent infusions. Discontinue
BLENREP for life-threatening infusion-related reactions and provide
appropriate emergency care.
Embryo-Fetal Toxicity: Based on its mechanism of action, BLENREP
can cause fetal harm when administered to a pregnant woman.
Advise pregnant women of the potential risk to a fetus.

Advise females of reproductive potential to use effective
contraception during treatment with BLENREP and for 4
months after the last dose. Advise males with female partners
of reproductive potential to use effective contraception during
treatment with BLENREP and for 6 months after the last dose.
Pregnancy testing is recommended for females of reproductive
potential prior to initiating BLENREP.

ADVERSE REACTIONS
The pooled safety population described in Warnings and Precautions
reflects exposure to BLENREP at a dosage of 2.5 mg/kg or 3.4 mg/kg
(1.4 times the recommended dose) administered intravenously once
every 3 weeks in 218 patients in DREAMM-2. Of these patients, 194
received a liquid formulation (not the approved dosage form) rather
than the lyophilized powder.
Patients received BLENREP at the recommended dosage of
2.5 mg/kg administered intravenously once every 3 weeks (n = 95).
Permanent discontinuation due to an adverse reaction occurred
in 8% of patients who received BLENREP; keratopathy (2.1%)
was the most frequent adverse reaction resulting in permanent
discontinuation. Dosage interruptions due to an adverse reaction
occurred in 54% of patients who received BLENREP. Adverse
reactions which required a dosage interruption in >3% of patients
included keratopathy (47%), blurred vision (5%), dry eye (3.2%),
and pneumonia (3.2%). Dose reductions due to an adverse reaction
occurred in 29% of patients. Adverse reactions which required a
dose reduction in >3% of patients included keratopathy (23%) and
thrombocytopenia (5%).
The most common adverse reactions (≥20%) were keratopathy
(71%), decreased visual acuity (53%), nausea (24%), blurred
vision (22%), pyrexia (22%), infusion-related reactions (21%), and
fatigue (20%). The most common Grade 3 or 4 (≥5%) laboratory
abnormalities were lymphocytes decreased (22%), platelets
decreased (21%), hemoglobin decreased (18%), neutrophils
decreased (9%), creatinine increased (5%), and gamma-glutamyl
transferase increased (5%).
Serious adverse reactions occurred in 40% of patients who received
BLENREP. Serious adverse reactions in >3% of patients included
pneumonia (7%), pyrexia (6%), renal impairment (4.2%), sepsis
(4.2%), hypercalcemia (4.2%), and infusion-related reactions (3.2%).
Fatal adverse reactions occurred in 3.2% of patients, including sepsis
(1%), cardiac arrest (1%), and lung infection (1%).

USE IN SPECIFIC POPULATIONS
Lactation: Because of the potential for serious adverse reactions
in the breastfed child, advise women not to breastfeed during
treatment with BLENREP and for 3 months after the last dose.
Females and Males of Reproductive Potential: Based on findings
in animal studies, BLENREP may impair fertility in females and males.
Geriatric Use: Of the 218 patients who received BLENREP in
DREAMM-2, 43% were aged 65 to less than 75 years and 17% were
aged 75 years and older. Keratopathy occurred in 80% of patients
aged less than 65 years and 73% of patients aged 65 years and older.
Among the 95 patients who received BLENREP at the 2.5-mg/kg
dose, keratopathy occurred in 67% of patients aged less than
65 years and 73% of patients aged 65 years and older.
Renal or Hepatic Impairment: The recommended dosage has not
been established in patients with severe renal impairment (eGFR
15 to 29 mL/min/1.73 m2) or end-stage renal disease (ESRD) with
eGFR <15 mL/min/1.73 m2 not on dialysis or requiring dialysis. The
recommended dosage has not been established in patients with
moderate or severe hepatic impairment (total bilirubin >1.5 × ULN
and any AST).
Please see Brief Summary of full Prescribing Information,
including BOXED WARNING, on the following pages.
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Made for this Moment

BLENREP

BRIEF SUMMARY

(belantamab mafodotin-blmf)
for injection, for intravenous use

The following is a brief summary only; see full Prescribing Information
for complete product information.
WARNING: OCULAR TOXICITY
BLENREP caused changes in the corneal epithelium resulting in
changes in vision, including severe vision loss and corneal ulcer,
and symptoms, such as blurred vision and dry eyes [see Warnings
and Precautions (5.1)].
Conduct ophthalmic exams at baseline, prior to each dose, and
promptly for worsening symptoms. Withhold BLENREP until
improvement and resume, or permanently discontinue, based on
severity [see Dosage and Administration (2.3) of full Prescribing
Information, Warnings and Precautions (5.1)].
Because of the risk of ocular toxicity, BLENREP is available
only through a restricted program under a Risk Evaluation
and Mitigation Strategy (REMS) called the BLENREP REMS
[see Warnings and Precautions (5.2)].
1 INDICATIONS AND USAGE
BLENREP is indicated for the treatment of adults with relapsed or refractory multiple
myeloma who have received at least 4 prior therapies, including an anti-CD38
monoclonal antibody, a proteasome inhibitor, and an immunomodulatory agent.
This indication is approved under accelerated approval based on response rate
[see Clinical Studies (14) of full Prescribing Information]. Continued approval for this
indication may be contingent upon verification and description of clinical benefit
in a confirmatory trial(s).
4 CONTRAINDICATIONS
None.
5 WARNINGS AND PRECAUTIONS
5.1 Ocular Toxicity
Ocular adverse reactions occurred in 77% of the 218 patients in the pooled safety
population. Ocular adverse reactions included keratopathy (76%), changes in visual
acuity (55%), blurred vision (27%), and dry eye (19%) [see Adverse Reactions (6.1)].
Among patients with keratopathy (n = 165), 49% had ocular symptoms, 65% had
clinically relevant visual acuity changes (decline of 2 or more lines on Snellen Visual
Acuity in any eye), and 34% had both ocular symptoms and visual acuity changes.
Keratopathy
Keratopathy was reported as Grade 1 in 7% of patients, Grade 2 in 22%, Grade 3
in 45%, and Grade 4 in 0.5% per the KVA scale. Cases of corneal ulcer (ulcerative
and infective keratitis) have been reported. Most keratopathy events developed within
the first 2 treatment cycles (cumulative incidence of 65% by Cycle 2). Of the patients
with Grade 2 to 4 keratopathy (n = 149), 39% of patients recovered to Grade 1 or lower
after median follow-up of 6.2 months. Of the 61% who had ongoing keratopathy, 28%
were still on treatment, 9% were in follow-up, and in 24% the follow-up ended due
to death, study withdrawal, or lost to follow up. For patients in whom events resolved,
the median time to resolution was 2 months (range: 11 days to 8.3 months).
Visual Acuity Changes
A clinically significant decrease in visual acuity of worse than 20/40 in the better-seeing
eye was observed in 19% of the 218 patients and of 20/200 or worse in
the better-seeing eye in 1.4%. Of the patients with decreased visual acuity of worse
than 20/40, 88% resolved and the median time to resolution was 22 days (range:
7 days to 4.2 months). Of the patients with decreased visual acuity of 20/200
or worse, all resolved and the median duration was 22 days (range: 15 to 22 days).
Monitoring and Patient Instruction
Conduct ophthalmic examinations (visual acuity and slit lamp) at baseline, prior to
each dose, and promptly for worsening symptoms. Perform baseline examinations
within 3 weeks prior to the first dose. Perform each follow-up examination at least
1 week after the previous dose and within 2 weeks prior to the next dose. Withhold
BLENREP until improvement and resume at same or reduced dose, or consider
permanently discontinuing based on severity [see Dosage and Administration (2.3)
of full Prescribing Information].
Advise patients to use preservative-free lubricant eye drops at least 4 times a
day starting with the first infusion and continuing until end of treatment. Avoid
use of contact lenses unless directed by an ophthalmologist [see Dosage and
Administration (2.1) of full Prescribing Information].
Changes in visual acuity may be associated with difficulty for driving and reading.
Advise patients to use caution when driving or operating machinery.
BLENREP is only available through a restricted program under a REMS
[see Warnings and Precautions (5.2)].

5.2 BLENREP REMS
BLENREP is available only through a restricted program under a REMS called
the BLENREP REMS because of the risks of ocular toxicity [see Warnings
and Precautions (5.1)].
Notable requirements of the BLENREP REMS include the following:
• Prescribers must be certified with the program by enrolling and completing training
in the BLENREP REMS.
• Prescribers must counsel patients receiving BLENREP about the risk of ocular toxicity
and the need for ophthalmic examinations prior to each dose.
• Patients must be enrolled in the BLENREP REMS and comply with monitoring.
• Healthcare facilities must be certified with the program and verify that patients
are authorized to receive BLENREP.
• Wholesalers and distributers must only distribute BLENREP to certified healthcare
facilities.
Further information is available, at www.BLENREPREMS.com and 1-855-209-9188.
5.3 Thrombocytopenia
Thrombocytopenia occurred in 69% of 218 patients in the pooled safety population,
including Grade 2 in 13%, Grade 3 in 10%, and Grade 4 in 17% [see Adverse Reactions
(6.1)]. The median time to onset of the first thrombocytopenic event was 26.5 days.
Thrombocytopenia resulted in dose reduction, dose interruption, or discontinuation in
9%, 2.8%, and 0.5% of patients, respectively.
Grade 3 to 4 bleeding events occurred in 6% of patients, including Grade 4 in 1 patient.
Fatal adverse reactions included cerebral hemorrhage in 2 patients.
Perform complete blood cell counts at baseline and during treatment as clinically
indicated. Consider withholding and/or reducing the dose based on severity
[see Dosage and Administration (2.3) of full Prescribing Information].
5.4 Infusion-Related Reactions
Infusion-related reactions occurred in 18% of 218 patients in the pooled safety
population, including Grade 3 in 1.8% [see Adverse Reactions (6.1)].
Monitor patients for infusion-related reactions. For Grade 2 or 3 reactions, interrupt
the infusion and provide supportive treatment. Once symptoms resolve, resume
at a lower infusion rate [see Dosage and Administration (2.3) of full Prescribing
Information]. Administer premedication for all subsequent infusions. Discontinue
BLENREP for life-threatening infusion-related reactions and provide appropriate
emergency care.
5.5 Embryo-Fetal Toxicity
Based on its mechanism of action, BLENREP can cause fetal harm when administered
to a pregnant woman because it contains a genotoxic compound (the microtubule
inhibitor, monomethyl auristatin F [MMAF]) and it targets actively dividing cells.
Advise pregnant women of the potential risk to a fetus. Advise females of reproductive
potential to use effective contraception during treatment with BLENREP and for 4
months after the last dose. Advise males with female partners of reproductive potential
to use effective contraception during treatment with BLENREP and for 6 months after
the last dose [see Use in Specific Populations (8.1, 8.3)].
6 ADVERSE REACTIONS
The following clinically significant adverse reactions are described elsewhere
in the labeling:
• Ocular toxicity [see Warnings and Precautions (5.1)].
• Thrombocytopenia [see Warnings and Precautions (5.3)].
• Infusion-related reactions [see Warnings and Precautions (5.4)].
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 with rates
in the clinical trials of another drug and may not reflect the rates observed in practice.
The pooled safety population described in Warnings and Precautions reflects exposure
to BLENREP at a dosage of 2.5 mg/kg or 3.4 mg/kg (1.4 times the recommended dose)
administered intravenously once every 3 weeks in 218 patients in DREAMM-2.
Of these patients, 194 received a liquid formulation (not the approved dosage form)
rather than the lyophilized powder. Among the 218 patients, 24% were exposed
for 6 months or longer.
Relapsed or Refractory Multiple Myeloma
The safety of BLENREP as a single agent was evaluated in DREAMM-2 [see Clinical
Studies (14.1) of full Prescribing Information]. Patients received BLENREP at the
recommended dosage of 2.5 mg/kg administered intravenously once every 3 weeks
(n = 95). Among these patients, 22% were exposed for 6 months or longer.
Serious adverse reactions occurred in 40% of patients who received BLENREP.
Serious adverse reactions in >3% of patients included pneumonia (7%), pyrexia (6%),
renal impairment (4.2%), sepsis (4.2%), hypercalcemia (4.2%), and infusion-related
reactions (3.2%). Fatal adverse reactions occurred in 3.2% of patients, including sepsis
(1%), cardiac arrest (1%), and lung infection (1%).
(continued on next page)

Permanent discontinuation due to an adverse reaction occurred in 8% of patients
who received BLENREP; keratopathy (2.1%) was the most frequent adverse reaction
resulting in permanent discontinuation.
Dosage interruptions due to an adverse reaction occurred in 54% of patients
who received BLENREP. Adverse reactions which required a dosage interruption
in >3% of patients included keratopathy (47%), blurred vision (5%), dry eye (3.2%),
and pneumonia (3.2%).
Dose reductions due to an adverse reaction occurred in 29% of patients. Adverse
reactions which required a dose reduction in >3% of patients included keratopathy
(23%) and thrombocytopenia (5%).
The most common adverse reactions (≥20%) were keratopathy, decreased visual
acuity, nausea, blurred vision, pyrexia, infusion-related reactions, and fatigue.
The most common Grade 3 or 4 (≥5%) laboratory abnormalities were lymphocytes
decreased, platelets decreased, hemoglobin decreased, neutrophils decreased,
creatinine increased, and gamma-glutamyl transferase increased.
Table 1 summarizes the adverse reactions in DREAMM-2 for patients who
received the recommended dosage of 2.5 mg/kg once every 3 weeks.
Table 1. Adverse Reactions (≥10%) in Patients Who Received BLENREP
in DREAMM-2

Adverse Reactions
Eye disorders
Keratopathya
Decreased visual acuityb
Blurred visionc
Dry eyesd
Gastrointestinal disorders

BLENREP
N = 95
All Grades
Grade 3-4
(%)
(%)
71
53
22
14

44
28
4
1

Nausea
24
Constipation
13
Diarrhea
13
General disorders and administration site conditions
Pyrexia
22
e
Fatigue
20
Procedural complications
21
Infusion-related reactionsf
Musculoskeletal and connective tissue disorders
Arthralgia
12
Back pain
11
Metabolic and nutritional disorders
Decreased appetite
12
Infections
11
Upper respiratory tract infectiong

0
0
1
3
2
3
0
2
0
0

Keratopathy was based on slit lamp eye examination, characterized as corneal
epithelium changes with or without symptoms.
b
Visual acuity changes were determined upon eye examination.
c
Blurred vision included diplopia, vision blurred, visual acuity reduced,
and visual impairment.
d
Dry eyes included dry eye, ocular discomfort, and eye pruritus.
e
Fatigue included fatigue and asthenia.
f
Infusion-related reactions included infusion-related reaction, pyrexia, chills, diarrhea,
nausea, asthenia, hypertension, lethargy, tachycardia.
g
Upper respiratory tract infection included upper respiratory tract infection,
nasopharyngitis, rhinovirus infections, and sinusitis.
Clinically relevant adverse reactions in <10% of patients included:
Eye Disorders: Photophobia, eye irritation, infective keratitis, ulcerative keratitis.
Gastrointestinal Disorders: Vomiting.
Infections: Pneumonia.
Investigations: Albuminuria.
a

Table 2 summarizes the laboratory abnormalities in DREAMM-2.
Table 2. Laboratory Abnormalities (≥20%) Worsening from Baseline
in Patients Who Received BLENREP in DREAMM-2
BLENREP
N = 95
Laboratory Abnormality
Hematology
Platelets decreased
Lymphocytes decreased
Hemoglobin decreased
Neutrophils decreased
Chemistry
Aspartate aminotransferase increased
Albumin decreased
Glucose increased
Creatinine increased
Alkaline phosphatase increased
Gamma-glutamyl transferase increased
Creatinine phosphokinase increased
Sodium decreased
Potassium decreased

All Grades
(%)

Grades 3-4
(%)

62
49
32
28

21
22
18
9

57
43
38
28
26
25
22
21
20

2
4
3
5
1
5
1
2
2

6.2 Immunogenicity
As with all therapeutic proteins, there is potential for immunogenicity. The detection
of antibody formation is highly dependent on the sensitivity and specificity of the
assay. Additionally, the observed incidence of antibody (including neutralizing
antibody) positivity in an assay may be influenced by several factors including assay
methodology, sample handling, timing of sample collection, concomitant medications,
and underlying disease. For these reasons, comparison of the incidence of antibodies in
the studies described below with the incidence of antibodies in other studies or to other
products may be misleading.
The immunogenicity of BLENREP was evaluated using an electrochemiluminescence
(ECL)-based immunoassay to test for anti-belantamab mafodotin antibodies.
In clinical studies of BLENREP, 2/274 patients (<1%) tested positive for antibelantamab mafodotin antibodies after treatment. One of the 2 patients tested positive
for neutralizing anti-belantamab mafodotin antibodies following 4 weeks on therapy.
Due to the limited number of patients with antibodies against belantamab mafodotinblmf, no conclusions can be drawn concerning a potential effect of immunogenicity on
pharmacokinetics, efficacy, or safety.
8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy
Risk Summary
Based on its mechanism of action, BLENREP can cause fetal harm when administered
to a pregnant woman, because it contains a genotoxic compound (the microtubule
inhibitor, MMAF) and it targets actively dividing cells [see Clinical Pharmacology (12.1),
Nonclinical Toxicology (13.1) of full Prescribing Information]. Human immunoglobulin
G (IgG) is known to cross the placenta; therefore, belantamab mafodotin-blmf has
the potential to be transmitted from the mother to the developing fetus. There are
no available data on the use of BLENREP in pregnant women to evaluate for drugassociated risk. No animal reproduction studies were conducted with BLENREP.
Advise pregnant women of the potential risk to a fetus.
The estimated 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 outcome. 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: Animal reproductive or developmental toxicity studies were
not conducted with belantamab mafodotin-blmf. The cytotoxic component
of BLENREP, MMAF, disrupts microtubule function, is genotoxic, and can be
toxic to rapidly dividing cells, suggesting it has the potential to cause embryotoxicity
and teratogenicity.

(continued on next page)
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8.2 Lactation
Risk Summary
There is no data on the presence of belantamab mafodotin-blmf in human milk
or the effects on the breastfed child or milk production. Because of the potential
for serious adverse reactions in the breastfed child, advise women not to breastfeed
during treatment with BLENREP and for 3 months after the last dose.
8.3 Females and Males of Reproductive Potential
BLENREP can cause fetal harm when administered to pregnant women
[see Use in Specific Populations (8.1)].
Pregnancy Testing
Pregnancy testing is recommended for females of reproductive potential
prior to initiating BLENREP.
Contraception
Females: Advise women of reproductive potential to use effective contraception
during treatment and for 4 months after the last dose.
Males: Because of the potential for genotoxicity, advise males with female partners
of reproductive potential to use effective contraception during treatment with BLENREP
and for 6 months after the last dose [see Nonclinical Toxicology (13.1)
of full Prescribing Information].
Infertility
Based on findings in animal studies, BLENREP may impair fertility in females
and males. The effects were not reversible in male rats, but were reversible
in female rats [see Nonclinical Toxicology (13.1) of full Prescribing Information].
8.4 Pediatric Use
The safety and effectiveness of BLENREP in pediatric patients have not
been established.
8.5 Geriatric Use
Of the 218 patients who received BLENREP in DREAMM-2, 43% were aged 65
to less than 75 years and 17% were aged 75 years and older. Clinical studies of
BLENREP did not include sufficient numbers of patients aged 65 and older to determine
whether the effectiveness differs compared with that of younger patients. Keratopathy
occurred in 80% of patients aged less than 65 years and 73% of patients aged 65
years and older. Among the patients who received BLENREP at the 2.5-mg/kg dose
in DREAMM-2 (n = 95), keratopathy occurred in 67% of patients aged less than
65 years and 73% of patients aged 65 years and older. Clinical studies did not include
sufficient numbers of patients 75 years and older to determine whether they respond
differently compared with younger patients.
8.6 Renal Impairment
No dose adjustment is recommended for patients with mild or moderate renal
impairment (estimated glomerular filtration rate [eGFR] 30 to 89 mL/min/1.73 m2
as estimated by the Modification of Diet in Renal Disease [MDRD] equation)
[see Clinical Pharmacology (12.3) of full Prescribing Information]. The recommended
dosage has not been established in patients with severe renal impairment
(eGFR 15 to 29 mL/min/1.73 m2) or end-stage renal disease (ESRD) with
eGFR <15 mL/min/1.73 m2 not on dialysis or requiring dialysis [see Clinical
Pharmacology (12.3) of full Prescribing Information].
8.7 Hepatic Impairment
No dose 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 to ≤1.5 × ULN and any AST).
The recommended dosage of BLENREP has not been established in patients with
moderate or severe hepatic impairment (total bilirubin >1.5 × ULN and any AST)
[see Clinical Pharmacology (12.3) of full Prescribing Information].
17 PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Medication Guide).
Ocular Toxicity
• Advise patients that ocular toxicity may occur during treatment with BLENREP
[see Warnings and Precautions (5.1)].
• Advise patients to administer preservative-free lubricant eye drops as recommended
during treatment and to avoid wearing contact lenses during treatment unless
directed by a healthcare professional [see Dosage and Administration (2.3) of full
Prescribing Information, Warnings and Precautions (5.1)].
• Advise patients to use caution when driving or operating machinery as BLENREP
may adversely affect their vision [see Warnings and Precautions (5.1)].

BLENREP REMS
BLENREP is available only through a restricted program called BLENREP REMS
[see Warnings and Precautions (5.2)]. Inform the patient of the following notable
requirements:
• Patients must complete the enrollment form with their provider.
• Patients must comply with ongoing monitoring for eye exams
[see Warnings and Precautions (5.1)].
Thrombocytopenia
• Advise patients to inform their healthcare provider if they develop signs
or symptoms of bleeding [see Warnings and Precautions (5.3)].
Infusion-Related Reactions
• Advise patients to immediately report any signs and symptoms of infusion-related
reactions to their healthcare provider [see Warnings and Precautions (5.4)].
Embryo-Fetal Toxicity
• Advise pregnant women of the potential risk to a fetus. Advise females of
reproductive potential to inform their healthcare provider of a known or suspected
pregnancy [see Warnings and Precautions (5.5), Use in Specific Populations
(8.1, 8.3)].
• Advise women of reproductive potential to use highly effective contraception during
treatment and for 4 months after the last dose [see Warnings and Precautions (5.5),
Use in Specific Populations (8.3)].
• Advise males with female partners of reproductive potential to use effective
contraception during treatment with BLENREP and for 6 months after the last dose
[see Use in Specific Populations (8.3), Nonclinical Toxicology (13.1) of full Prescribing
Information].
Lactation
• Advise women not to breastfeed during treatment with BLENREP and
for 3 months after the last dose [see Use in Specific Populations (8.2)].
Infertility
• Advise males and females of reproductive potential that BLENREP may impair
fertility [see Use in Specific Populations (8.3)].
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Building the Community Oncology Practice of
the Future Demands a Comprehensive Approach
by KYLE DOHERTY

AS CANCER CARE CONTINUES to shift away
from a fee-for-service model to a value-based
care model, clinicians and institutions will need
to be adaptable and innovative to build effective
community oncology practices of the future.
“We are part of a large, complicated environment with hospitals, payers, and plan benefit
managers, and that creates market pressure
and an ongoing market dynamic that we have
to compete with,” Glenn Balasky, executive
director of Rocky Mountain Cancer Centers in
Englewood, Colorado, said in an interview with
OncologyLive ®. “Value-based care is here to stay.
We have community oncology practices that have
to leverage that in order to continue to garner
attention from the payers and employers alike.”
Balasky participated in a panel discussion
at the 2022 Community Oncology Conference
in March titled, “Building/Designing the
Community Oncology Practice of the Future.”
The 6-year Oncology Care Model (OCM), initiated by the Centers for Medicare & Medicaid
Services, was designed to evaluate payment
strategies to promote high-quality and
high-value cancer care.1 The OCM focuses
on providing beneficiaries with enhanced
services, such as 24-hour, 7 days-per-week
clinician access and a documented care plan,
use of electronic health records (EHR), and
increased data utilization to improve care
(F I G U R E ).1 Approximately 25% of fee-for-service

chemotherapy-related cancer care—spanning
more than 125 practices and 7000 practitioners—has been handled by the OCM. The
model debuted July 1, 2016, and is scheduled to
expire on June 30, 2022.1
Balasky said that the OCM is the most comprehensive value-based care model put into practice
to date and that it is unfortunate it is being

paused without a next step in place. Clinical
practice with the OCM has allowed clinicians
to gain more experience in providing electronic
screening, measurements, and assessments,
Balasky noted.
He hopes that practices will continue to be
committed to applying these innovations to
draw patients, even as the model expires.

FIGUR E. O CM Pr ac t i c e Re d e s i g n Ac t i v i t i e s 1

Provide enhanced services
• P
 rovide OCM beneficiaries with
24-hour, 7 days-per-week access to an
appropriate clinician who has real-time
access to the practice’s medical records
• P
 rovide the core functions of patient
navigation to OCM beneficiaries
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• D
 ocument a care plan for each OCM
beneficiary that contains the 13
components in the Institute of Medicine
Care Management Plan

Use certified health
record technology
• P
 ractices must use this technology
in a manner sufficient to meet the
requirements of an “eligible alternative
payment entity” under the
MACRA rule, which created the
Quality Payment Program

Use data for continuous
quality improvement
• P
 ractices must collect and report
clinical and quality data to the CMS
Innovation Center
• T he Innovation Center will provide
participating practices with feedback
reports to use to continuously improve
OCM patient care management

• T reat OCM beneficiaries with therapies
that are consistent with nationally
recognized clinical guidelines

CMS, Centers for Medicare & Medicaid Services; MACRA, Medicare Access and CHIP Reauthorization Act of 2015; OCM, oncology care model.
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BUILDING BLOCKS FOR THE FUTURE
Expanding communication options
Balasky said that one of the biggest recent shifts
in providing value-based cancer care has been
in the realm of patient communication. The
wide adoption of telemedicine brought on by
the COVID-19 pandemic has changed the way
clinicians communicate with patients in ways
that extend beyond in-person vs virtual visits.
Balasky noted the positive innovations that coincide with telemedicine are here to stay, which
include new methods of outreach and follow-up
as well as expanded offerings.
“We are growing in our ways to connect
with patients better,” Balasky said. “We are
trying to move away from [just talking on] the
phone. It is taking a while, but we’re trying
to move into more asynchronous communication, such as texting our patients appointment
reminders or allowing them to check in to an
appointment online. The service side needs to
[continue to] progress. The care side will always
progress because we’re naturally driven to
provide better care.”
Increased telehealth use has received a positive response from patients, particularly among
adolescents and young adults with cancer. A
retrospective study by Swartz et al found that
among 331 patients who were diagnosed with
cancer between the ages of 15 and 39 years,
71.4% participated in telehealth and most of them
were somewhat or very satisfied with their telehealth experiences (54.8%). Topics that patients
preferred to address via telehealth included nutrition (34.8%), stress management (33.9%), and
mental health or counseling services (32%).2
Strategies to increase or continue telehealth
services are being considered across the oncology landscape. For example, the National Cancer
Institute is conducting a 5-part webinar series
running monthly from February 2022 to June
2022 seeking to identify research gaps and opportunities for increased telemedicine use in cancer
care.3 Additionally, in March 2022, Congress
voted to extend COVID-19 telehealth policies for
Medicare patients for an additional 5 months after
the public health emergency expires.4

Restructuring to address physician burnout
Balasky also highlighted that labor and wage
pressures, largely brought on by the COVID19 pandemic, present a significant challenge
for providing value-based care and that issues
with staffing shortages resulting from burnout
must be addressed.
At the 2021 American Society of Clinical
Oncology Annual Meeting, So et al presented the
results of a pilot study at a tertiary cancer center
in the United Kingdom to address burnout among
junior oncologists. The program invited doctors
to participate in 30-minute weekly well-being
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sessions organized by a clinical psychologist.
The sessions included breathing and relaxation
exercises, clinical debriefing, and suggested strategies to increase mindfulness in the workplace.5
All 10 oncologists who participated in the
program were either satisfied or very satisfied
with the group facilitation and found the sessions
helpful. Interventions that incorporate physician
feedback to combat burnout are something that
community oncology practices should consider,
Balasky contended.
“We are going into a period where we may
have no choice but to raise our wages...to keep
our staff and fulfill our mission,” Balasky said,
noting that the added cost may delay other areas
of innovation. “[Not] only do we have to pay them
more, but we also have to help engage them
more. The pandemic has been hard for everybody in the country and in the world, and [as a
result], we have lost some of our connectivity.”

Incorporating advances in care delivery
The increased role of genetic testing for the optimization of cancer care is another factor that
will need continued monitoring. During the
panel discussion, Balasky said that his practice hired a staff member to exclusively handle
payments for genetic testing to accommodate
the volume of billing. Balasky noted that genetic
testing workflow and operations processes, still
in their infancy, must be optimized to address
complications with ordering and how clinicians
see the results.
The increased prevalence and evolving efficacy of EHRs may present a possible solution to
the problem of effectively integrating genetic
testing into a value-based health care model. In a
retrospective study of an OCM multisite community-based practice, Mendenhall et al looked at
the effect of provider education and the addition
of discreet data fields to the genetic testing fields
added to the EHR concerned to better track the
incidence of genetic screenings in patients with
breast cancer.6
Results from the study showed that of the
631 patients deemed to have met the National
Comprehensive Cancer Network testing criteria,
92.7% were referred for genetic counseling and
testing. The new screening practice also resulted
in a 163% increase in genetic referrals for other
cancer types outside breast cancer. Investigators
concluded that the workflow practice was effective, scalable, and financially viable in terms of
genetic and practice growth.6

LESSONS LEARNED FROM THE OCM
Even as value-based care appears to be on its
way toward permanent integration in oncology
care at the community level, challenges in adopting the model remain. For example, results of
a 2021 survey of 307 oncologists across the US

highlighted some of the barriers to participating
and succeeding within a value-based care model.
Among practices that participate in commercial value-based care programs (n = 60), half the
respondents found it neither easy nor difficult to
perform favorably within the model, 30% said it
was difficult, and 5% said it was very difficult.
Similarly, most practices that participated in
the OCM or the Merit-Based Incentive Payment
System (n = 150) found favorable performance
neither easy nor difficult (51%); 31% and 6% found
it difficult or very difficult, respectively.7
The primary challenges for favorable performance among 153 responders who completed
the survey included navigating the payer landscape and reimbursements (27%), identifying
cost-reduction opportunities (20%), and tracking costs across an episode (18%). Responders
were also asked to suggest solutions to better
support value-based care reimbursement; the
most common answers cited seamless integration into current workflows (49%), increased
interoperability across platforms (42%), and
increased awareness of cost information
(29%), among others.
Survey responders represented practices in
the privately owned community setting (44%),
the public community setting (29%), and the
noncommunity setting (27%). The median time
spent in direct patient care was 90% (range,
0%-100%), and the median patient volume
per day was 20 (range, 3-60). Investigators
concluded that further research is needed to
better design and implement value-based care
systems and the technology they require.
“The analogy that I have used a lot during the
[COVID-19] pandemic is that we [are] in the same
storm, just in different boats,” Balasky said. “How
do we get our boats back together? How do we line
up and continue to learn from each other? How do
we continue to do that with the community at large
across the country? [We need to] bring that spirit
back to our offices, back to our clinics, to give
that benefit to our staff, our physicians, and most
importantly, our patients.” ■
For a full list of references,
see the article at
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Beyond the Clinic: Leveraging Research
to Tackle Lung Cancer Disparaties
by NEEL P. CHUDGAR, MD

LUNG CANCER REMAINS THE most common cause of

NEEL P. CHUDGAR, MD, is a
surgeon at Montefiore Einstein
Cancer Center and an assistant
professor of cardiothoracic
and vascular surgery at Albert
Einstein College of Medicine, in
the Bronx, NY.

cancer death in the United States. Individuals who identify as
Black and/or Hispanic are at even greater risk of mortality.
Lung cancer screening (LCS) has been recommended since
2013, but remains underutilized, especially in economic and
socially marginalized communities. Incidental lung nodules,
commonly found on imaging done for other purposes, such as
trauma evaluations, are often diagnosed later as cancers and
represent a source of morbidity and mortality.
Many vulnerable groups and marginalized communities
receive care in the emergency department setting, where
follow-up of incidental nodules is fragmented and incomplete.
Low rates of LCS and inappropriate follow-up of incidental
pulmonary nodules (IPNs), thus, represent 2 significant
drivers of cancer care inequities. Research initiatives aimed
towards understanding and combating systemic inadequacies
contributing to these inequities have the potential to improve
outcomes in populations that are in need.

ADDRESSING MORBIDITY AND MORTALITY
IN MINORITY POPULATIONS
Data from the Commission on Cancer demonstrates a large
proportion of individuals diagnosed with non–small cell
lung cancer over a 4-year period identified as Black (39%) or
Hispanic (33%), compared with 23% who identified as White
at the Montefiore Einstein Cancer Center (Montefiore) in the
Bronx, New York. These figures are in stark contrast to other
New York health care settings, where 81% of patients are
White. Our patient population is also more likely to be diagnosed at later stages. When compared with other New York

TABLE. De mogr a p hi c s o f Pat i e n t s W i th Lun g C a ncer Wh o Wer e Eligib le

for LCS i n th e Mo n te f i o r e He al th S yste m 1
LCS eligible population
Demographic

Total population
(n = 175)

Not screened
(n = 142)

Screened
(n = 33)

P value

67

68

65

.02

$20,000

$19,521

$23,220

White

37%

35%

45%

Black

46%

36%

45%

Other

18%

20%

9%

Age, years
Median income, US
dollars
Race

.27

Stage at diagnosis

< .01

I and II

35%

29%

64%

III

25%

25%

24%

IV

39%

46%

12%

Received follow-up

79%

76%

94%

.03

Received surgery

30%

20%

73%

< .01

LCS, lung cancer screening.
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hospitals, the proportion of patients at Montefiore who are
diagnosed with stage I lung cancer is markedly lower (25%
vs 31%), and the proportion of those with stage IV disease is
higher (45% vs 37%) (F I G U R E 1).
Other data from Montefiore have demonstrated additional
inequities in patients with primary lung cancers diagnosed
between 2013 and 2016. Only 417 (55%) were found in patients
with an in-network primary care provider, illustrating the
need for a better support system and for a systematic approach
to identify and guide these patients. Furthermore, of the
175 of these patients who were eligible for LCS, only 33 had
completed appropriate screening. A large proportion of this
population with lung cancers that were identified outside of
screening was composed of Black (46%) and Hispanic (34%)
patients with a median per capita income of approximately
$20,000 (TAB L E ).1

ADDRESSING INADEQUACIES
OF LUNG CANCER SCREENING
Screening is particularly challenging in individuals from
racial and ethnic minority groups and in those who have
been socioeconomically marginalized. For example, of more
than 50,000 people enrolled in the seminal National Lung
Screening Trial, only 4.5% of participants identified as Black
and 1.7% as Hispanic. This is in sharp contrast to the screening population described at our institution.2
More work needs to be done to study and implement LCS
in these patient populations. To this end, we have formed a
collaboration with the LUNGevity Foundation with the objective of, “Increasing access to lung cancer screening in the
Bronx in Latino and African American communities.” Known
as Project URBANA, the initiative seeks to increase uptake
of, and compliance with, LCS through educational initiatives
and engagement with a unique community peer navigation program—the Bronx Oncology Living Daily (BOLD)
program. Drawing from the principles of Community-Based
Participatory Research, Project URBANA focuses on increasing access to care among African American and Latino
community members. At its core, this project is targeted
outreach with educational materials developed in partnership with communities with content that is both relevant
and language appropriate. This content coupled with trained
peer navigators from within the community strives to
address social constructs of health care often overlooked in
daily practice.

REDUCING THE BURDEN OF INCIDENTAL
PULMONARY NODULES
Each year, more than 1.5 million individuals are diagnosed
with an IPN.3 Guidelines exist for the follow-up of IPNs;
however, treatment adherence is often poor.4 This is especially
true in Black and Hispanic populations where approximately
50% of patients are notified of IPNs and have significantly
lower rates of adhering to follow-up imaging. This population
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40%
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30%

25%
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21%

18%

20%
15%
10%

7%
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5%
0%

0%

0%

0%

Stage 0

Stage I

Stage II

Stage III

Stage IV

0%

Stage OC

0%

2%

Stage NA

2%

3%

Stage unknown

NSCLC, non–small cell lung cancer.
a

also has increased odds of delaying
follow-up appointments.5
With continued support from LUNGevity, we
have devised a multipronged approach to develop
an incidental pulmonary nodule management
program for our community. Through the incorporation of software to automatically detect
notation of lung nodules in radiology reports, we
will shift to more active identification of people
with concerning nodules who will be proactively
referred to our high-risk lung nodule clinic.
Individual risk for malignancy will be evaluated
using artificial intelligence–based calculators
derived from the electronic medical record to
facilitate guideline concordant care.
Finally, we will evaluate a blood-based cancer
biomarker to further risk stratify patients and
will prospectively apply it to individuals already
enrolled in our nodule clinic. Our overall objective is to facilitate earlier diagnosis of lung
cancer in our community and decrease risk of
advanced disease and death.

Deficiencies in lung cancer care are multifactorial, and occur at the levels of screening,
diagnosis and management. Through research
that incorporates culturally sensitive patient
navigation, use of available technologies
and a multidisciplinary approach to patient
care, there are significant opportunities to
improve screening, cancer care, and outcomes
for everyone. ■

MORE FROM OUR PARTNER
Future Research Directions at
Albert Einstein Cancer Center
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Just Begin: A Pancreatic
Cancer “Evangelist” Uses
Collaboration to Save Lives
ONE FATEFUL NIGHT SHIFT, a patient
presented in an emergency department with
renal failure, a complication from cancer
that had spread, blocking both kidneys.
Margaret A. Tempero, MD, then an intern, was
there on rotation.
She spent the night triaging the patient’s
symptoms, addressing what could be treated
in an effort to stabilize him. In the morning, the patient woke up and said that he was
grateful for the time and attention Tempero
paid to his care.
“We talked a bit and he said, ‘You know, I
know that I am dying, but I’m so grateful that
you are giving me a little bit more time so that
I can see my daughter get married,’ ” Tempero
recalled. “And I thought, ‘You know, this is
pretty fantastic, to work with people who are
in need of your care and so grateful for everything that you do.’ And that’s been the gift to
me, my entire career.”
If there is one touchstone that emerges
from Tempero’s career of studying and treating pancreatic cancer, it is her persistence in
simply trying to help her patients. The pancreatic cancer field has seen little improvement
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in rates of survival, there are few approved
regimens, and the disease lacks identifiable therapeutic targets compared with other
malignancies. A rare malignancy, pancreatic
adenocarcinoma accounts for approximately
3.2% of all new cancer cases in the United
States but 7.8% of cancer deaths. With limited
resources, data, and understanding, success
requires a knack for seeking out opportunities
to just begin treating 1 patient at a time.
Tempero chooses to see the landscape less as
a daunting challenge and more as an exciting
one. She takes an interdisciplinary approach
to practice, one that relies on collaboration not
just between investigators in the field but also
across disciplines.
“My entire career, I’ve always said this is
the most exciting time—not knowing what was
going to come ahead,” Tempero said. “The more
you learn and understand, the better your
strategy will be in how you tackle the enemy.”
Pancreatic cancer was not always in the
cards for Tempero; at first, specializing in the
field seemed to her like a dead end. While she
was working in the clinic with her mentor,
2018 Giants of Cancer Care® recipient James O.

Margaret A.
Tempero, MD
Director, University of California,
San Francisco (UCSF),
Pancreas Center
Leader, Pancreas Cancer Program
UCSF Helen Diller Family
Comprehensive Cancer Center

Armitage, MD, a conversation set her on the course
to look into the impossible and find a way forward.
Four decades ago, Tempero was researching
colon cancer prevention strategies and potential
treatments for patients with lymphoma. Armitage
encouraged her to pursue gastrointestinal cancers,
but she was reluctant to leave the lively field of
lymphoma for a sector that seemed stagnant.
“I said to him, ‘What a horrible idea. I can
work with you and I can cure patients and you’re
sending me off to this wasteland where we have
nothing?’ He said, ‘That’s exactly why you should
do it—to find more things that you could do.’ So I
followed his advice, and I actually began to love
it,” Tempero said.
That “wasteland” turned out to be the ground
floor of several practice-changing investigational therapeutics. “It became even more
crystal clear to me that [patients with pancreatic
cancer] are the neediest patients of all,” Tempero
said. “Not only was there no one who seemed
to be interested in working on this problem,
but these patients have a very, very aggressive malignancy.”
The first window of opportunity presented itself
in the form of a novel biomarker. Tempero and her
team laid the groundwork for CA 19-9, a Lewis
carbohydrate antigen, as a serum marker for
disease recurrence, progression, and treatment
efficacy. CA 19-9 remains one of the best-validated
and most clinically useful biomarkers for early
detection and surveillance of pancreatic cancer,
with a sensitivity of 79% to 81% and a specificity
of 80% to 90% in symptomatic patients.
A second opening for innovation arrived in the
form of exploring systemic treatment options.
Even after nearly a century of surgical improvements, just 20% of patients with a new diagnosis of
pancreatic cancer present with resectable disease.
Thus, the focus shifted from surviving surgery to
surviving the cancer because 5-year survival rates
have been slow to signal progress. At the time
of Armitage’s suggestion in the 1980s, patients
with pancreatic cancer were limited to systemic
treatment with fluorouracil (5-FU) and the 5-year
relative survival rate was approximately 3%.
Tempero turned her attention to researching
therapies to increase survival for patients. This
led to exploration of the utility of gemcitabine and
the development of a fixed-dose regimen to maximize the agent’s efficacy. Tempero’s team at the
University of California, San Francisco (UCSF),
forged ahead with new gemcitabine combinations and studied the sequence of treatment in
patients with localized disease. Combined with
the aggregate effort of a global community, this
therapy has improved the 5-year survival rate to
greater than 10%.
Although these advances improved survival
and symptom relief statistics over the past several
decades, measurable progress took another form:

expanding the dissemination of knowledge, raising awareness, and encouraging collaboration
across disciplines. Narrowing the focus from all
gastrointestinal cancers to pancreatic cancer
meant finding new opportunities. “I would be
asked, ‘Would you come and give a talk on colon
cancer?’ And I’d say, ‘No, but I’ll come and give a
talk on pancreatic cancer.’ And so, when I spoke,
I also became an evangelist recruiting people to
work on this disease, engaging the community to
conduct more research,” Tempero said.
That attention to filling a knowledge gap led
Tempero to host the first Pancreas Cancer Think
Tank in Park City, Utah, in 1999. The meeting
gathered leaders in the field, including 64 scientists, some of whom were dedicated to pancreatic
cancer research, 6 National Cancer Institute
(NCI) investigators, and 12 representatives from
industry. The 6 working groups produced a
comprehensive white paper covering every aspect
of the disease, from genetics, risk factors, and
prevention to histology, biology, and therapy.
However, she counts 2 organizations as being
pivotal to increasing the body of knowledge for
investigators by providing and fighting for funding for pancreatic cancer research. The first was
the grassroots Pancreatic Cancer Action Network,
which offers extensive patient education and
support for competitive research grants through
donations and advocates for increased federal
research funding.
The second Tempero considers herself fortunate to have been a founding board member for:
the Lustgarten Foundation. In 1998, at age 51,
Cablevision Vice Chairman Marc Lustgarten
received a diagnosis of pancreatic cancer; he died
less than a year later. The Lustgarten Foundation
has become one of the largest private funders
of pancreatic cancer research and has teamed
with Stand Up to Cancer (SU2C) to support large
multi-institutional teams focused on treatment
and early detection.

These roles across organizations, in academic
administration, and in positions of influence
across a world-renowned organization culminated
in Tempero’s dream job. In 2012, she founded the
UCSF Pancreas Center, a facility that specializes
in treating patients with a range of pancreatic
afflictions. The cross-discipline team consists of
specialists in oncology, surgery, gastroenterology,
pathology, radiology, nursing, psychology, and
many lab-based scientists.
“When I stepped down from my leadership position at the UCSF Helen Diller Family
Comprehensive Cancer Center in 2012, I talked
with the dean and said, ‘What I’d really like to
do with the rest of my career is to run a pancreas
center at UCSF. What better place could there
be to do this?’ ” Tempero said. Less than 5 years
into her new role, another collaborative opportunity came across her desk, this time in the form
of a grant provided by the Pancreatic Cancer
Collective. This initiative of the Lustgarten
Foundation and SU2C was established to build on
the field’s momentum.
Leveraging the collective strengths of UC San
Diego and UCSF, Tempero has worked with Andrew
M. Lowy, MD, clinical director for cancer surgery
at UC San Diego Health Moores Cancer Center and
chief of the Division of Surgical Oncology at UC
San Diego School of Medicine, to investigate key
pathways for the development of agents designed
to limit the progression of disease. That collaboration led Tempero and Lowy to form the UC
Pancreas Cancer Consortium, which unites the
research programs at all 5 University of California
NCI-designated cancer centers and is among the
largest research enterprises of its kind in the world.
Tempero speaks with admiration and affection
not only for her colleagues in these endeavors but
also for the patients who will benefit from their
collective success. “I am the luckiest person in
the world right now because I have a job that I
absolutely love,” Tempero said. ■
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In combination with bevacizumab for the maintenance treatment of

HRD-POSITIVE * ADVANCED OVARIAN CANCER
following complete or partial response to first-line platinum-based chemotherapy1

DISCOVER THE
POTENTIAL OF

YEARS
m
mPFS 1

Individual results may vary.

Not actual patients. LYNPARZA is not indicated in patients under 18.1
*Select patients for this indication based on an FDA-approved companion diagnostic.1

INDICATION
LYNPARZA is a poly (ADP-ribose) polymerase (PARP) inhibitor indicated:
First-Line Maintenance HRD-Positive Advanced Ovarian Cancer
in Combination with Bevacizumab
In combination with bevacizumab for the maintenance treatment of
adult patients with advanced epithelial ovarian, fallopian tube or primary
peritoneal cancer who are in complete or partial response to first-line
platinum-based chemotherapy and whose cancer is associated with
homologous recombination deficiency (HRD) positive status defined by
either a deleterious or suspected deleterious BRCA mutation, and/or
genomic instability. Select patients for therapy based on an FDA-approved
companion diagnostic for LYNPARZA.

IMPORTANT SAFETY INFORMATION
CONTRAINDICATIONS
There are no contraindications for LYNPARZA.
WARNINGS AND PRECAUTIONS
Myelodysplastic Syndrome/Acute Myeloid Leukemia (MDS/AML):
Occurred in approximately 1.5% of patients exposed to LYNPARZA
monotherapy, and the majority of events had a fatal outcome. The median
duration of therapy in patients who developed MDS/AML was 2 years
(range: <6 months to >10 years). All of these patients had previous
chemotherapy with platinum agents and/or other DNA-damaging agents,
including radiotherapy.
Do not start LYNPARZA until patients have recovered from hematological
toxicity caused by previous chemotherapy (≤Grade 1). Monitor complete
blood count for cytopenia at baseline and monthly thereafter for clinically
significant changes during treatment. For prolonged hematological toxicities,
interrupt LYNPARZA and monitor blood count weekly until recovery.

If the levels have not recovered to Grade 1 or less after 4 weeks, refer
the patient to a hematologist for further investigations, including bone
marrow analysis and blood sample for cytogenetics. Discontinue
LYNPARZA if MDS/AML is confirmed.
Pneumonitis: Occurred in 0.8% of patients exposed to LYNPARZA
monotherapy, and some cases were fatal. If patients present with new
or worsening respiratory symptoms such as dyspnea, cough, and fever,
or a radiological abnormality occurs, interrupt LYNPARZA treatment and
initiate prompt investigation. Discontinue LYNPARZA if pneumonitis is
confirmed and treat patient appropriately.
Embryo-Fetal Toxicity: Based on its mechanism of action and findings
in animals, LYNPARZA can cause fetal harm. A pregnancy test is
recommended for females of reproductive potential prior to
initiating treatment.
Females
Advise females of reproductive potential of the potential risk to a fetus
and to use effective contraception during treatment and for 6 months
following the last dose.
ADVERSE REACTIONS—First-Line Maintenance Advanced Ovarian
Cancer in Combination with Bevacizumab
Most common adverse reactions (Grades 1-4) in ≥10% of patients
treated with LYNPARZA/bevacizumab compared to a ≥5% frequency
for placebo/bevacizumab in the first-line maintenance setting for
PAOLA-1 were: nausea (53%), fatigue (including asthenia) (53%), anemia
(41%), lymphopenia (24%), vomiting (22%) and leukopenia (18%). In
addition, the most common adverse reactions (≥10%) for patients
receiving LYNPARZA/bevacizumab irrespective of the frequency

~50%

PAOLA-1
WERE

HRD POSITIVE

2

PRESPECIFIED EXPLORATORY ANALYSIS1,3:

3.1
YEARS
mPFS

LYNPARZA +
BEVACIZUMAB

~1.5
YEARS
mPFS

BEVACIZUMAB
+ PLACEBO

Median PFS was 37.2 months with LYNPARZA + bevacizumab (n=255) and
17.7 months with bevacizumab + placebo (n=132); HR=0.33; 95% CI: 0.25–0.451

Data based upon a prespecified exploratory subgroup analysis, which was not controlled for
Type 1 error. HRD status was not a stratification factor in PAOLA-1.3

STUDY DESIGN1-3
PAOLA-1 was a phase 3 trial of women with advanced ovarian cancer that enrolled patients regardless of
surgical outcome or BRCA mutation status following response to first-line platinum-based chemotherapy with
bevacizumab. Patients were randomized 2:1 (N=806) to receive LYNPARZA tablets 300 mg BID in combination
with bevacizumab 15 mg/kg (n=537) or placebo BID in combination with bevacizumab 15 mg/kg (n=269).
Bevacizumab was administered every 3 weeks for a total duration of up to 15 months, and LYNPARZA or
placebo treatment was administered for up to 24 months or until disease progression or unacceptable toxicity.
The primary endpoint was the investigator-assessed PFS. Prespecified exploratory analyses included PFS in
predefined subgroups, including HRD status and BRCA mutation status. PFS within HRD-positive patients
served as the basis of the FDA-approved indication.
There’s MORE to learn about LYNPARZA.
Explore the data at MoreTo3.com

IMPORTANT SAFETY INFORMATION (Cont’d)
compared with the placebo/bevacizumab arm were: diarrhea (18%),
neutropenia (18%), urinary tract infection (15%) and headache (14%).
In addition, venous thromboembolic events occurred more commonly
in patients receiving LYNPARZA/bevacizumab (5%) than in those
receiving placebo/bevacizumab (1.9%).
Most common laboratory abnormalities (Grades 1-4) in ≥25% of patients
for LYNPARZA in combination with bevacizumab in the first-line
maintenance setting for PAOLA-1 were: decrease in hemoglobin (79%),
decrease in lymphocytes (63%), increase in serum creatinine (61%),
decrease in leukocytes (59%), decrease in absolute neutrophil count (35%)
and decrease in platelets (35%).
DRUG INTERACTIONS
Anticancer Agents: Clinical studies of LYNPARZA with other
myelosuppressive anticancer agents, including DNA-damaging agents,
indicate a potentiation and prolongation of myelosuppressive toxicity.
CYP3A Inhibitors: Avoid coadministration of strong or moderate CYP3A
inhibitors when using LYNPARZA. If a strong or moderate CYP3A inhibitor
must be coadministered, reduce the dose of LYNPARZA. Advise patients to
avoid grapefruit, grapefruit juice, Seville oranges, and Seville orange juice
during LYNPARZA treatment.
CYP3A Inducers: Avoid coadministration of strong or moderate CYP3A
inducers when using LYNPARZA.
USE IN SPECIFIC POPULATIONS
Lactation: No data are available regarding the presence of olaparib in
human milk, its effects on the breastfed infant or on milk production.

Because of the potential for serious adverse reactions in the breastfed
infant, advise a lactating woman not to breastfeed during treatment
with LYNPARZA and for 1 month after receiving the final dose.
Pediatric Use: The safety and efficacy of LYNPARZA have not been
established in pediatric patients.
Hepatic Impairment: No adjustment to the starting dose is required
in patients with mild or moderate hepatic impairment (Child-Pugh
classification A and B). There are no data in patients with severe hepatic
impairment (Child-Pugh classification C).
Renal Impairment: No dosage modification is recommended in
patients with mild renal impairment (CLcr 51-80 mL/min estimated
by Cockcroft-Gault). In patients with moderate renal impairment
(CLcr 31-50 mL/min), reduce the dose of LYNPARZA to 200 mg twice
daily. There are no data in patients with severe renal impairment or
end-stage renal disease (CLcr ≤30 mL/min).
You are encouraged to report negative side effects of AstraZeneca prescription
drugs to the FDA. Visit www.FDA.gov/medwatch or call 1-800-FDA-1088.
Please see the Brief Summary of Prescribing Information
on the following pages.
BID=twice daily; CI=confidence interval; HR=hazard ratio; HRD=homologous
recombination deficiency; mPFS=median progression-free survival.
References: 1. LYNPARZA® (olaparib) [prescribing information]. Wilmington, DE:
AstraZeneca Pharmaceuticals LP; 2021. 2. Ray-Coquard I, Pautier P, Pignata S, et al.
Olaparib plus bevacizumab as first-line maintenance in ovarian cancer. N Engl J Med.
2019;381(25):2416-2428. 3. Ray-Coquard I, Pautier P, Pignata S, et al. Olaparib plus
bevacizumab as first-line maintenance in ovarian cancer. Supplementary Appendix.
N Engl J Med. 2019;381(25):2416-2428.
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CONTRAINDICATIONS
None.

Initial U.S. Approval: 2014
Brief Summary of Prescribing Information. For complete prescribing information
consult official package insert.
INDICATIONS AND USAGE
First-Line Maintenance Treatment of BRCA-mutated Advanced Ovarian Cancer
Lynparza is indicated for the maintenance treatment of adult patients with deleterious or
suspected deleterious germline or somatic BRCA-mutated advanced epithelial ovarian,
fallopian tube or primary peritoneal cancer who are in complete or partial response to firstline platinum-based chemotherapy. Select patients for therapy based on an FDA-approved
companion diagnostic for Lynparza [see Dosage and Administration (2.1) in the full
Prescribing Information].
First-line Maintenance Treatment of HRD-positive Advanced Ovarian Cancer in
Combination with Bevacizumab
Lynparza is indicated in combination with bevacizumab for the maintenance treatment of
adult patients with advanced epithelial ovarian, fallopian tube or primary peritoneal cancer
who are in complete or partial response to first-line platinum-based chemotherapy and
whose cancer is associated with homologous recombination deficiency (HRD)-positive
status defined by either:
• a deleterious or suspected deleterious BRCA mutation, and/or
• genomic instability.
Select patients for therapy based on an FDA-approved companion diagnostic for Lynparza
[see Dosage and Administration (2.1) in the full Prescribing Information].
Maintenance Treatment of Recurrent Ovarian Cancer
Lynparza is indicated for the maintenance treatment of adult patients with recurrent epithelial
ovarian, fallopian tube or primary peritoneal cancer, who are in complete or partial response
to platinum-based chemotherapy.
Advanced Germline BRCA-mutated Ovarian Cancer After 3 or More Lines of
Chemotherapy
Lynparza is indicated for the treatment of adult patients with deleterious or suspected
deleterious germline BRCA-mutated (gBRCAm) advanced ovarian cancer who have been
treated with three or more prior lines of chemotherapy. Select patients for therapy based on
an FDA-approved companion diagnostic for Lynparza [see Dosage and Administration (2.1)
in the full Prescribing Information].
DOSAGE AND ADMINISTRATION
Patient Selection
Information on FDA-approved tests for the detection of genetic mutations is available at
http://www.fda.gov/companiondiagnostics.
Select patients for treatment with Lynparza based on the presence of deleterious or suspected
deleterious HRR gene mutations, including BRCA mutations, or genomic instability based on the
indication, biomarker, and sample type (Table 1).
Table 1 Biomarker Testing for Patient Selection*
Indication

Biomarker

Sample type
Tumor Blood Plasma
(ctDNA)

First-line maintenance treatment of
germline or somatic BRCAm advanced
ovarian cancer

BRCA1m, BRCA2m

X

First-line maintenance treatment of
HRD-positive advanced ovarian cancer in
combination with bevacizumab

BRCA1m, BRCA2m
and/or
genomic instability

X

Maintenance treatment of recurrent
ovarian cancer

No requirement for
biomarker testing

Advanced gBRCAm ovarian cancer

gBRCA1m, gBRCA2m

X

X

* Where testing fails or tissue sample is unavailable/insufficient, or when germline testing is negative,
consider using an alternative test, if available.

Recommended Dosage
The recommended dosage of Lynparza is 300 mg taken orally twice daily, with or without food.
If a patient misses a dose of Lynparza, instruct patient to take their next dose at its scheduled
time. Instruct patients to swallow tablets whole. Do not chew, crush, dissolve, or divide
tablet.
First-Line Maintenance Treatment of BRCA-mutated Advanced Ovarian Cancer
Continue treatment until disease progression, unacceptable toxicity, or completion of
2 years of treatment. Patients with a complete response (no radiological evidence of
disease) at 2 years should stop treatment. Patients with evidence of disease at 2 years, who
in the opinion of the treating healthcare provider can derive further benefit from continuous
treatment, can be treated beyond 2 years.
First-Line Maintenance Treatment of HRD-positive Advanced Ovarian Cancer in
Combination with Bevacizumab
Continue Lynparza treatment until disease progression, unacceptable toxicity, or
completion of 2 years of treatment. Patients with a complete response (no radiological
evidence of disease) at 2 years should stop treatment. Patients with evidence of disease at
2 years, who in the opinion of the treating healthcare provider can derive further benefit
from continuous Lynparza treatment, can be treated beyond 2 years.
When used with Lynparza, the recommended dose of bevacizumab is 15 mg/kg every three
weeks. Bevacizumab should be given for a total of 15 months including the period given
with chemotherapy and given as maintenance. Refer to the Prescribing Information for
bevacizumab when used in combination with Lynparza for more information.
Recurrent Ovarian Cancer and Germline BRCAm Advanced Ovarian Cancer
Continue treatment until disease progression or unacceptable toxicity for:
• Maintenance treatment of recurrent ovarian cancer
• Advanced germline BRCA-mutated ovarian cancer
Dosage Modifications for Adverse Reactions
To manage adverse reactions, consider interruption of treatment or dose reduction. The
recommended dose reduction is 250 mg taken twice daily.
If a further dose reduction is required, then reduce to 200 mg taken twice daily.
Dosage Modifications for Concomitant Use with Strong or Moderate CYP3A Inhibitors
Avoid concomitant use of strong or moderate CYP3A inhibitors with Lynparza.
If concomitant use cannot be avoided, reduce Lynparza dosage to:
• 100 mg twice daily when used concomitantly with a strong CYP3A inhibitor.
• 150 mg twice daily when used concomitantly with a moderate CYP3A inhibitor.
After the inhibitor has been discontinued for 3 to 5 elimination half-lives, resume the
Lynparza dose taken prior to initiating the CYP3A inhibitor [see Drug Interactions (7.2) and
Clinical Pharmacology (12.3) in the full Prescribing Information].
Dosage Modifications for Renal Impairment
Moderate Renal Impairment
In patients with moderate renal impairment (CLcr 31-50 mL/min), reduce the Lynparza
dosage to 200 mg orally twice daily [see Use in Specific Populations (8.6) and Clinical
Pharmacology (12.3) in the full Prescribing Information].

WARNINGS AND PRECAUTIONS
Myelodysplastic Syndrome/Acute Myeloid Leukemia
Myelodysplastic syndrome (MDS)/Acute Myeloid Leukemia (AML) has occurred in patients
treated with Lynparza and some cases were fatal.
In clinical studies enrolling 2901 patients with various cancers who received Lynparza as a
single agent [see Adverse Reactions (6.1) in the full Prescribing Information], the cumulative
incidence of MDS/AML was approximately 1.5% (43/2901). Of these, 51% (22/43) had a
fatal outcome. The median duration of therapy with Lynparza in patients who developed
MDS/AML was 2 years (range: < 6 months to > 10 years). All of these patients had received
previous chemotherapy with platinum agents and/or other DNA damaging agents including
radiotherapy.
Do not start Lynparza until patients have recovered from hematological toxicity caused by
previous chemotherapy (≤ Grade 1). Monitor complete blood count for cytopenia at baseline
and monthly thereafter for clinically significant changes during treatment. For prolonged
hematological toxicities, interrupt Lynparza and monitor blood counts weekly until recovery.
If the levels have not recovered to Grade 1 or less after 4 weeks, refer the patient to a
hematologist for further investigations, including bone marrow analysis and blood sample
for cytogenetics. If MDS/AML is confirmed, discontinue Lynparza.
Pneumonitis
In clinical studies enrolling 2901 patients with various cancers who received Lynparza as a
single agent [see Adverse Reactions (6.1) in the full Prescribing Information], the incidence
of pneumonitis, including fatal cases, was 0.8% (24/2901). If patients present with new
or worsening respiratory symptoms such as dyspnea, cough and fever, or a radiological
abnormality occurs, interrupt Lynparza treatment and promptly assess the source of
the symptoms. If pneumonitis is confirmed, discontinue Lynparza treatment and treat the
patient appropriately.
Embryo-Fetal Toxicity
Lynparza can cause fetal harm when administered to a pregnant woman based on its
mechanism of action and findings in animals. In an animal reproduction study, administration
of olaparib to pregnant rats during the period of organogenesis caused teratogenicity and
embryo-fetal toxicity at exposures below those in patients receiving the recommended
human dose of 300 mg twice daily. Apprise pregnant women of the potential hazard to
a fetus and the potential risk for loss of the pregnancy. Advise females of reproductive
potential to use effective contraception during treatment and for 6 months following the last
dose of Lynparza. Based on findings from genetic toxicity and animal reproduction studies,
advise male patients with female partners of reproductive potential or who are pregnant to
use effective contraception during treatment and for 3 months following the last dose of
Lynparza [see Use in Specific Populations (8.1, 8.3) in the full Prescribing Information].
ADVERSE REACTIONS
The following adverse reactions are discussed elsewhere in the labeling:
• Myelodysplastic Syndrome/Acute Myeloid Leukemia [see Warnings and Precautions (5.1)
in the full Prescribing Information]
• Pneumonitis [see Warnings and Precautions (5.2) in the full Prescribing Information]
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 data described in the WARNINGS AND PRECAUTIONS reflect exposure to Lynparza as
a single agent in 2901 patients; 2135 patients with exposure to 300 mg twice daily tablet
dose including five controlled, randomized, trials (SOLO-1, SOLO-2, OlympiAD, POLO,
and PROfound) and to 400 mg twice daily capsule dose in 766 patients in other trials that
were pooled to conduct safety analyses. In these trials, 56% of patients were exposed for
6 months or longer and 28% were exposed for greater than one year in the Lynparza group.
In this pooled safety population, the most common adverse reactions in ≥10% of patients
were nausea (60%), fatigue (55%), anemia (36%), vomiting (32%), diarrhea (24%),
decreased appetite (22%), headache (16%), dysgeusia (15%), cough (15%), neutropenia
(14%), dyspnea (14%), dizziness (12%), dyspepsia (12%), leukopenia (11%), and
thrombocytopenia (10%).
First-Line Maintenance Treatment of BRCA-mutated Advanced Ovarian Cancer
SOLO-1
The safety of Lynparza for the maintenance treatment of patients with BRCA-mutated
advanced ovarian cancer following first-line treatment with platinum-based chemotherapy
was investigated in SOLO-1 [see Clinical Studies (14.1) in the full Prescribing Information].
Patients received Lynparza tablets 300 mg orally twice daily (n=260) or placebo (n=130)
until disease progression or unacceptable toxicity. The median duration of study treatment
was 25 months for patients who received Lynparza and 14 months for patients who received
placebo.
Among patients who received Lynparza, dose interruptions due to an adverse reaction of any
grade occurred in 52% and dose reductions due to an adverse reaction occurred in 28%. The
most frequent adverse reactions leading to dose interruption or reduction of Lynparza were
anemia (23%), nausea (14%), and vomiting (10%). Discontinuation due to adverse reactions
occurred in 12% of patients receiving Lynparza. The most frequent adverse reactions that
led to discontinuation of Lynparza were fatigue (3.1%), anemia (2.3%), and nausea (2.3%).
Tables 2 and 3 summarize adverse reactions and laboratory abnormalities in SOLO-1.
Table 2 Adverse Reactions* in SOLO-1 (≥10% of Patients Who Received Lynparza)
Adverse Reaction
Lynparza tablets
Placebo
n=260
n=130
All Grades Grades All Grades Grades
(%)
3 – 4 (%)
(%)
3 – 4 (%)
Gastrointestinal Disorders
Nausea
77
1
38
0
45
2
35
1
Abdominal pain†
Vomiting
40
0
15
1
Diarrhea‡
37
3
26
0
Constipation
28
0
19
0
Dyspepsia
17
0
12
0
Stomatitis§
11
0
2
0
General Disorders and Administration Site Conditions
67
4
42
2
Fatigue¶
Blood and Lymphatic System Disorders
Anemia
38
21
9
2
17
6
7
3
Neutropenia#
13
3
8
0
LeukopeniaÞ
11
1
4
2
Thrombocytopeniaɓ
Infections and Infestations
Upper respiratory tract infection/
28
0
23
0
influenza/nasopharyngitis/bronchitis
13
1
7
0
UTIà

Table 2 Adverse Reactions* in SOLO-1 (≥10% of Patients Who Received Lynparza)
(cont’d)
Adverse Reaction
Lynparza tablets
Placebo
n=260
n=130
All Grades Grades All Grades Grades
(%)
3 – 4 (%)
(%)
3 – 4 (%)
Nervous System Disorders
Dysgeusia
26
0
4
0
Dizziness
20
0
15
1
Metabolism and Nutrition Disorders
Decreased appetite
20
0
10
0
Respiratory, Thoracic and Mediastinal Disorders
15
0
6
0
Dyspneaè

* Graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events

(NCI CTCAE), version 4.0.
† Includes abdominal pain, abdominal pain lower, abdominal pain upper, abdominal distension,
abdominal discomfort, and abdominal tenderness.
‡ Includes colitis, diarrhea, and gastroenteritis.
§ Includes stomatitis, aphthous ulcer; and mouth ulceration.
¶ Includes asthenia, fatigue, lethargy, and malaise.
# Includes neutropenia, and febrile neutropenia.
Þ Includes leukopenia, and white blood cell count decreased.
ɓ Includes platelet count decreased, and thrombocytopenia.
à Includes urosepsis, urinary tract infection, urinary tract pain, and pyuria.
è Includes dyspnea, and dyspnea exertional.

In addition, the adverse reactions observed in SOLO-1 that occurred in <10% of patients
receiving Lynparza were increased blood creatinine (8%), lymphopenia (6%), hypersensitivity
(2%), MDS/AML (1%), dermatitis (1%), and increased mean cell volume (0.4%).
Table 3 Laboratory Abnormalities Reported in ≥25% of Patients in SOLO-1
Lynparza tablets
Placebo
Laboratory Parameter*
n†=260
n†=130
Grades 1-4 Grades 3-4 Grades 1-4 Grades 3-4
(%)
(%)
(%)
(%)
Decrease in hemoglobin
87
19
63
2
Increase in mean corpuscular volume
87
–
43
–
Decrease in leukocytes
70
7
52
1
Decrease in lymphocytes
67
14
29
5
Decrease in absolute neutrophil count
51
9
38
6
Decrease in platelets
35
1
20
2
Increase in serum creatinine
34
0
18
0

*† Patients were allowed to enter clinical studies with laboratory values of CTCAE Grade 1.

This number represents the safety population. The derived values in the table are based on the total
number of evaluable patients for each laboratory parameter.

First-line Maintenance Treatment of HRD-positive Advanced Ovarian Cancer in
Combination with Bevacizumab
PAOLA-1
The safety of Lynparza in combination with bevacizumab for the maintenance treatment of
patients with advanced ovarian cancer following first-line treatment containing platinumbased chemotherapy and bevacizumab was investigated in PAOLA-1 [see Clinical Studies
(14.2) in the full Prescribing Information]. This study was a placebo-controlled, doubleblind study in which 802 patients received either Lynparza 300 mg BID in combination with
bevacizumab (n=535) or placebo in combination with bevacizumab (n=267) until disease
progression or unacceptable toxicity. The median duration of treatment with Lynparza
was 17.3 months and 11 months for bevacizumab post-randomization on the Lynparza/
bevacizumab arm.
Fatal adverse reactions occurred in 1 patient due to concurrent pneumonia and aplastic
anemia. Serious adverse reactions occurred in 31% of patients who received Lynparza/
bevacizumab. Serious adverse reactions in >5% of patients included hypertension (19%)
and anemia (17%).
Dose interruptions due to an adverse reaction of any grade occurred in 54% of patients
receiving Lynparza/bevacizumab and dose reductions due to an adverse reaction occurred
in 41% of patients who received Lynparza/bevacizumab.
The most frequent adverse reactions leading to dose interruption in the Lynparza/
bevacizumab arm were anemia (21%), nausea (7%), vomiting (3%), and fatigue (3%), and
the most frequent adverse reactions leading to reduction in the Lynparza/bevacizumab arm
were anemia (19%), nausea (7%), and fatigue (4%).
Discontinuation due to adverse reactions occurred in 20% of patients receiving Lynparza/
bevacizumab. Specific adverse reactions that most frequently led to discontinuation in
patients treated with Lynparza/bevacizumab were anemia (4%) and nausea (3%).
Tables 4 and 5 summarize adverse reactions and laboratory abnormalities in PAOLA-1,
respectively.
Table 4 Adverse Reactions* Occurring in ≥10% of Patients Treated with Lynparza/
bevacizumab in PAOLA-1 and at ≥5% Frequency Compared to the Placebo/bevacizumab Arm
Adverse Reactions
Lynparza/bevacizumab Placebo/bevacizumab
n=535
n=267
Grades 1-4 Grades 3-4 Grades 1-4 Grades 3-4
(%)
(%)
(%)
(%)
General Disorders and Administration Site Conditions
53
5
32
1.5
Fatigue (including asthenia)†
Gastrointestinal Disorders
Nausea
53
2.4
22
0.7
Vomiting
22
1.7
11
1.9
Blood and Lymphatic Disorders
41
17
10
0.4
Anemia‡
24
7
9
1.1
Lymphopenia§
18
1.9
10
1.5
Leukopenia║

* Graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events
(NCI CTCAE), version 4.0.
† Includes asthenia, and fatigue.
‡ Includes anemia, anemia macrocytic, erythropenia, haematocrit decreased, haemoglobin decreased,
normochromic anemia, normochromic normocytic anemia, normocytic anemia, and red blood cell
count decreased. Includes B-lymphocyte count decreased, lymphocyte count decreased, lymphopenia,
and T-lymphocyte count decreased.
§ Includes B-lymphocyte count decreased, lymphocyte count decreased, lymphopenia, and T-lymphocyte
count decreased.
║
Includes leukopenia, and white blood cell count decreased.
The most common adverse reactions (≥ 10%) for patients receiving Lynparza/bevacizumab
irrespective of the frequency compared with the placebo/bevacizumab arm were nausea
(53%), fatigue (including asthenia) (53%), anemia (41%), lymphopenia (24%), vomiting
(22%), diarrhea (18%), neutropenia (18%), leukopenia (18%), urinary tract infection (15%),
and headache (14%).
The adverse reactions that occurred in <10% of patients receiving Lynparza/bevacizumab
were dysgeusia (8%), dyspnea (8%), stomatitis (5%), dyspepsia (4.3%), erythema (3%),
dizziness (2.6%), hypersensitivity (1.7%) and MDS/AML (0.7%).
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In addition, venous thromboembolic events occurred more commonly in patients receiving
Lynparza/bevacizumab (5%) than in those receiving placebo/bevacizumab (1.9%).
Table 5 Laboratory Abnormalities Reported in ≥25% of Patients in PAOLA-1*

Table 8 Adverse Reactions* in Study 19 (≥20% of Patients Who Received Lynparza)
Adverse Reaction

Laboratory
Parameter†

Lynparza/bevacizumab Placebo/bevacizumab
n†=535
n‡=267
Grades 1-4 Grades 3-4 Grades 1-4 Grades 3-4
(%)
(%)
(%)
(%)
Decrease in hemoglobin
79
13
55
0.4
Decrease in lymphocytes
63
10
42
3.0
Increase in serum creatinine
61
0.4
36
0.4
Decrease in leukocytes
59
3.4
45
2.2
Decrease in absolute neutrophil count
35
7
30
3.7
Decrease in platelets
35
2.4
28
0.4

Gastrointestinal Disorders
Nausea
71
Vomiting
35
Diarrhea
28
Constipation
22
Dyspepsia
20
General Disorders and Administration Site Conditions
Fatigue (including asthenia)
63
Blood and Lymphatic Disorders
Anemia†
23
Infections and Infestations
Respiratory tract infection
22
Metabolism and Nutrition Disorders
Decreased appetite
21
Nervous System Disorders
Headache
21

* Reported within 30 days of the last dose.
† Patients were allowed to enter clinical studies with laboratory values of CTCAE Grade 1.
‡ This number represents the safety population. The derived values in the table are based on the total
number of evaluable patients for each laboratory parameter.
Maintenance Treatment of Recurrent Ovarian Cancer
SOLO-2
The safety of Lynparza for the maintenance treatment of patients with platinum sensitive
gBRCAm ovarian cancer was investigated in SOLO-2 [see Clinical Studies (14.3) in the
full Prescribing Information]. Patients received Lynparza tablets 300 mg orally twice daily
(n=195) or placebo (n=99) until disease progression or unacceptable toxicity. The median
duration of study treatment was 19.4 months for patients who received Lynparza and
5.6 months for patients who received placebo.
Among patients who received Lynparza, dose interruptions due to an adverse reaction of any
grade occurred in 45% and dose reductions due to an adverse reaction occurred in 27%.
The most frequent adverse reactions leading to dose interruption or reduction of Lynparza
were anemia (22%), neutropenia (9%), and fatigue/asthenia (8%). Discontinuation due to
an adverse reaction occurred in 11% of patients receiving Lynparza.
Tables 6 and 7 summarize adverse reactions and laboratory abnormalities in SOLO-2.
Table 6 Adverse Reactions* in SOLO-2 (≥20% of Patients Who Received Lynparza)
Adverse Reaction

Lynparza tablets
Placebo
n=195
n=99
Grades 1-4 Grades 3-4 Grades 1-4 Grades 3-4
(%)
(%)
(%)
(%)

Gastrointestinal Disorders
Nausea
76
3
Vomiting
37
3
Diarrhea
33
2
Stomatitis†
20
1
General Disorders and Administration Site Conditions
Fatigue including asthenia
66
4
Blood and Lymphatic Disorders
44
20
Anemia‡
Infections and Infestations
Nasopharyngitis/URI/sinusitis/
36
0
rhinitis/influenza
Musculoskeletal and Connective Tissue Disorders
Arthralgia/myalgia
30
0
Nervous System Disorders
Dysgeusia
27
0
Headache
26
1
Metabolism and Nutrition Disorders
Decreased appetite
22
0

33
19
22
16

0
1
0
0

39

2

9

2

29

0

28

0

7
14

0
0

11

0

* Graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events

(NCI CTCAE), version 4.0.
† Represents grouped term consisting of abscess oral, aphthous ulcer, gingival abscess, gingival
disorder, gingival pain, gingivitis, mouth ulceration, mucosal infection, mucosal inflammation,
oral candidiasis, oral discomfort, oral herpes, oral infection, oral mucosal erythema, oral pain,
oropharyngeal discomfort, and oropharyngeal pain.
‡ Represents grouped term consisting of anemia, hematocrit decreased, hemoglobin decreased, iron
deficiency, mean cell volume increased and red blood cell count decreased.

In addition, the adverse reactions observed in SOLO-2 that occurred in <20% of
patients receiving Lynparza were neutropenia (19%), cough (18%), leukopenia (16%),
hypomagnesemia (14%), thrombocytopenia (14%), dizziness (13%), dyspepsia (11%),
increased creatinine (11%), MDS/AML (8%), edema (8%), rash (6%), and lymphopenia (1%).
Table 7 Laboratory Abnormalities Reported in ≥25% of Patients in SOLO-2
Laboratory Parameter*

Lynparza tablets
Placebo
n†=195
n†=99
Grades 1-4 Grades 3-4 Grades 1-4 Grades 3-4
(%)
(%)
(%)
(%)
Increase in mean corpuscular volume‡
89
52
Decrease in hemoglobin
83
17
69
0
Decrease in leukocytes
69
5
48
1
Decrease in lymphocytes
67
11
37
1
Decrease in absolute neutrophil count
51
7
34
3
Increase in serum creatinine
44
0
29
0
Decrease in platelets
42
2
22
1

*† Patients were allowed to enter clinical studies with laboratory values of CTCAE Grade 1.
‡

This number represents the safety population. The derived values in the table are based on the total
number of evaluable patients for each laboratory parameter.
Represents the proportion of subjects whose mean corpuscular volume was > upper limit of normal
(ULN).

Study 19
The safety of Lynparza as maintenance monotherapy was evaluated in patients with
platinum sensitive ovarian cancer who had received 2 or more previous platinum containing
regimens in Study 19 [see Clinical Studies (14.3) in the full Prescribing Information].
Patients received Lynparza capsules 400 mg orally twice daily (n=136) or placebo (n=128).
At the time of final analysis, the median duration of exposure was 8.7 months in patients who
received Lynparza and 4.6 months in patients who received placebo.
Adverse reactions led to dose interruptions in 35% of patients receiving Lynparza; dose
reductions in 26% and discontinuation in 6% of patients receiving Lynparza.
Tables 8 and 9 summarize adverse reactions and laboratory abnormalities in Study 19.

Lynparza capsules
Placebo
n=136
n=128
Grades 1-4 Grades 3-4 Grades 1-4 Grades 3-4
(%)
(%)
(%)
(%)

* Graded according to NCI CTCAE v4.0.

2
2
2
1
0

36
14
25
12
9

0
1
2
0
0

9

46

3

7

7

1

2

11

0

0

13

0

0

13

1

† Represents grouped terms of related terms that reflect the medical concept of the adverse reaction.

In addition, the adverse reactions in Study 19 that occurred in <20% of patients receiving
Lynparza were dysgeusia (16%), dizziness (15%), dyspnea (13%), pyrexia (10%), stomatitis
(9%), edema (9%), increase in creatinine (7%), neutropenia (5%), thrombocytopenia (4%),
leukopenia (2%), MDS/AML (1%) and lymphopenia (1%).
Table 9 Laboratory Abnormalities Reported in ≥25% of Patients in Study 19
Lynparza capsules
Placebo
Laboratory Parameter*
n†=136
n†=129
Grades 1-4 Grades 3-4 Grades 1-4 Grades 3-4
(%)
(%)
(%)
(%)
Decrease in hemoglobin
82
8
58
1
Increase in mean corpuscular volume‡
82
51
Decrease in leukocytes
58
4
37
2
Decrease in lymphocytes
52
10
32
3
Decrease in absolute neutrophil count
47
7
40
2
Increase in serum creatinine
45
0
14
0
Decrease in platelets
36
4
18
0

* Patients were allowed to enter clinical studies with laboratory values of CTCAE Grade 1.
†
‡

This number represents the safety population. The derived values in the table are based on the total
number of evaluable patients for each laboratory parameter.
Represents the proportion of subjects whose mean corpuscular volume was > ULN.

Advanced Germline BRCA-mutated Ovarian Cancer After 3 or More Lines of Chemotherapy
Pooled Data
The safety of Lynparza was investigated in 223 patients (pooled from 6 studies) with
gBRCAm advanced ovarian cancer who had received 3 or more prior lines of chemotherapy
[see Clinical Studies (14.4) in the full Prescribing Information]. Patients received Lynparza
capsules 400 mg orally twice daily until disease progression or unacceptable tolerability. The
median exposure to Lynparza in these patients was 5.2 months.
There were 8 (4%) patients with adverse reactions leading to death, two were attributed to
acute leukemia, and one each was attributed to COPD, cerebrovascular accident, intestinal
perforation, pulmonary embolism, sepsis, and suture rupture. Adverse reactions led to dose
interruption in 40% of patients, dose reduction in 4%, and discontinuation in 7%.
Tables 10 and 11 summarize the adverse reactions and laboratory abnormalities from the
pooled studies.
Table 10 Adverse Reactions Reported in Pooled Data (≥20% of Patients Who Received
Lynparza)
Adverse Reaction

General Disorders
Fatigue/asthenia
Gastrointestinal Disorders
Nausea
Vomiting
Diarrhea
Dyspepsia
Decreased appetite
Blood and Lymphatic Disorders
Anemia
Infections and Infestations
Nasopharyngitis/URI
Musculoskeletal and Connective Tissue Disorders
Arthralgia/musculoskeletal pain
Myalgia

Lynparza capsules
n=223
Grades 1-4
Grades 3-4
(%)
(%)
66

8

64
43
31
25
22

3
4
1
0
1

34

18

26

0

21
22

0
0

Table 11 Laboratory Abnormalities Reported in ≥25% of Patients in Pooled Data
Laboratory Parameter*

Decrease in hemoglobin
Mean corpuscular volume elevation
Decrease in lymphocytes
Decrease in platelets
Increase in creatinine
Decrease in absolute neutrophil count

Lynparza capsules
n†=223
Grades 1-4
Grades 3-4
(%)
(%)
90
15
57
56
17
30
3
30
2
25
7

* Patients were allowed to enter clinical studies with laboratory values of CTCAE Grade 1.
† This number represents the safety population. The derived values in the table are based on the total
number of evaluable patients for each laboratory parameter.
The following adverse reactions and laboratory abnormalities have been identified in ≥10 to
<20% of the 223 patients receiving Lynparza and not included in the table: cough (16%),

constipation (16%), dysgeusia (16%), headache (15%), peripheral edema (14%), back pain
(14%), urinary tract infection (14%), dyspnea (13%), and dizziness (11%).
The following adverse reactions and laboratory abnormalities have been identified in <10%
of the 223 patients receiving Lynparza and not included in the table: leukopenia (9%), pyrexia
(8%), peripheral neuropathy (5%), hypomagnesemia (5%), rash (5%), stomatitis (4%),
MDS/AML (1.8%), and venous thrombosis (including pulmonary embolism) (1%).
Postmarketing Experience
The following adverse reactions have been identified during post approval use of Lynparza.
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.
Immune System Disorders: Hypersensitivity including angioedema.
Skin and subcutaneous tissue disorders: Erythema nodosum, rash, dermatitis.
DRUG INTERACTIONS
Use with Anticancer Agents
Clinical studies of Lynparza with other myelosuppressive anticancer agents, including DNA
damaging agents, indicate a potentiation and prolongation of myelosuppressive toxicity.
Effect of Other Drugs on Lynparza
Strong and Moderate CYP3A Inhibitors
Coadministration of CYP3A inhibitors can increase olaparib concentrations, which
may increase the risk for adverse reactions [see Clinical Pharmacology (12.3) in the
full Prescribing Information]. Avoid coadministration of strong or moderate CYP3A
inhibitors. If the strong or moderate inhibitor must be coadministered, reduce the dose
of Lynparza [see Dosage and Administration (2.4) in the full Prescribing Information].
Strong and Moderate CYP3A Inducers
Concomitant use with a strong or moderate CYP3A inducer decreased olaparib exposure,
which may reduce Lynparza efficacy [see Clinical Pharmacology (12.3) in the full Prescribing
Information]. Avoid coadministration of strong or moderate CYP3A inducers.
USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on findings in animals and its mechanism of action [see Clinical Pharmacology (12.1)
in the full Prescribing Information], Lynparza can cause fetal harm when administered to a
pregnant woman. There are no available data on Lynparza use in pregnant women to inform
the drug-associated risk. In an animal reproduction study, the administration of olaparib to
pregnant rats during the period of organogenesis caused teratogenicity and embryo-fetal
toxicity at exposures below those in patients receiving the recommended human dose of
300 mg twice daily (see Data). Apprise pregnant women of the potential hazard to the fetus
and the potential risk for loss of the pregnancy.
The estimated background risk of major birth defects and miscarriage for the indicated
population is unknown. The estimated background risk in the U.S. general population of
major birth defects is 2-4%; and the risk for spontaneous abortion is approximately 15-20%
in clinically recognized pregnancies.
Data
Animal Data
In a fertility and early embryonic development study in female rats, olaparib was
administered orally for 14 days before mating through to Day 6 of pregnancy, which resulted
in increased post-implantation loss at a dose level of 15 mg/kg/day (with maternal systemic
exposures approximately 7% of the human exposure (AUC0-24h) at the recommended dose).
In an embryo-fetal development study, pregnant rats received oral doses of 0.05 and
0.5 mg/kg/day olaparib during the period of organogenesis. A dose of 0.5 mg/kg/day (with
maternal systemic exposures approximately 0.18% of human exposure (AUC0-24h) at the
recommended dose) caused embryo-fetal toxicities including increased post-implantation
loss and major malformations of the eyes (anophthalmia, microphthalmia), vertebrae/ribs
(extra rib or ossification center; fused or absent neural arches, ribs, and sternebrae), skull
(fused exoccipital), and diaphragm (hernia). Additional abnormalities or variants included
incomplete or absent ossification (vertebrae/sternebrae, ribs, limbs) and other findings
in the vertebrae/sternebrae, pelvic girdle, lung, thymus, liver, ureter, and umbilical
artery. Some findings noted above in the eyes, ribs, and ureter were observed at a dose
of 0.05 mg/kg/day olaparib at lower incidence.
Lactation
Risk Summary
No data are available regarding the presence of olaparib in human milk, or on its effects
on the breastfed infant or on milk production. Because of the potential for serious adverse
reactions in the breastfed infants from Lynparza, advise a lactating woman not to breastfeed
during treatment with Lynparza and for one month after receiving the last dose.
Females and Males of Reproductive Potential
Pregnancy Testing
Recommend pregnancy testing for females of reproductive potential prior to initiating
treatment with Lynparza.
Contraception
Females
Lynparza can cause fetal harm when administered to a pregnant woman [see Use in
Specific Populations (8.1) in the full Prescribing Information]. Advise females of
reproductive potential to use effective contraception during treatment with Lynparza
and for at least 6 months following the last dose.
Pediatric Use
Safety and effectiveness of Lynparza have not been established in pediatric patients.
Geriatric Use
Of the 2351 patients with advanced solid tumors who received Lynparza tablets 300 mg
orally twice daily as monotherapy, 596 (25%) patients were aged ≥65 years, and this
included 137 (6%) patients who were aged ≥75 years. Seven (0.3%) patients were aged
≥85 years.
Of the 535 patients with advanced solid tumors who received Lynparza tablets 300 mg
orally twice daily in combination with bevacizumab, 204 (38%) patients were aged
≥65 years, and this included 31 (6%) patients who were aged ≥75 years.
No overall differences in the safety or effectiveness of Lynparza were observed between
these patients and younger patients.
Renal Impairment
No dosage modification is recommended in patients with mild renal impairment (CLcr 51
to 80 mL/min estimated by Cockcroft-Gault). Reduce Lynparza dosage to 200 mg twice
daily in patients with moderate renal impairment (CLcr 31 to 50 mL/min) [see Dosage
and Administration (2.5) in the full Prescribing Information]. There are no data in patients
with severe renal impairment or end-stage disease (CLcr ≤30 mL/min) [see Clinical
Pharmacology (12.3) in the full Prescribing Information].
Hepatic Impairment
No adjustment to the starting dose is required in patients with mild or moderate hepatic
impairment (Child-Pugh classification A and B). There are no data in patients with severe
hepatic impairment (Child-Pugh classification C) [see Clinical Pharmacology (12.3) in the
full Prescribing Information].
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SOLID TUMORS

KIN-2787 Looks to Fill Unmet Need in
Class II/III BRAF-Altered Solid Tumors
by KYLE DOHERTY

PATIENTS WITH SOLID TUMORS harboring
class I BRAF alterations, such as BRAF
V600, have gained substantial clinical benefit from first-generation BRAF inhibitors.
However, currently approved BRAF inhibitors have not been proven to be as effective in
patients with class II or class III BRAF alterations, which account for approximately 34% of
BRAF mutations.1
BRAF alterations have been known to behave
differently across tumor types. For example,
approximately 50% of patients with melanoma
harbor a class I BRAF V600 mutation, whereas
approximately 50% to 80% of BRAF mutations in
non–small cell lung cancer (NSCLC) and 22% to
30% in colorectal cancer are class II or class III.2
Because of the increasing use of next-generation
sequencing in clinical oncology practice, BRAF
mutations beyond V600 are being identified at
a greater rate. However, patients with diseases
harboring these alterations lack approved treatment options for targeting them.3
Three BRAF-targeted therapies are approved
by the FDA, each of which is engineered to

Cancer Specialists at Sarah Cannon Research
target class I alterations: vemurafenib (Zelboraf),
Institute in Lake Nona.
dabrafenib (Tafinlar), and encorafenib (Braftovi).
“As an oncologist, when you get a
All 3 agents are approved in combination
next-generation sequencing report and you
with MEK inhibitors for patients with BRAF
see a BRAF mutation, there is some excitement
V600–positive melanoma.4-7 Vemurafenib and
initially because you always want to offer somedabrafenib are also approved as a single-agent
thing that is effective for your patient,”
therapy for patients with BRAF V600–
Perez said. “But right after that when
positive unresectable or metastatic
you see it is a non-V600 or a class II or
melanoma.4,5 There are no approved
class III, then the general [reaction] is
systemic therapies targeting class II or
disappointment because we know that
class III BRAF alterations.
for class II, class III mutations [agents
“BRAF as a driving genomic abnorsuch as] dabrafenib are not going to
mality is very well recognized in the
work for this population.”
oncology community,” Cesar Augusto
Investigators hope to address the
Perez, MD, said in an interview with
Cesar Augusto
®
need for additional treatment options
OncologyLive . “Initial success [with
Perez, MD
for patients with class II or class
BRAF inhibitors] has been seen in
III BRAF-altered disease with KIN-2787, a
patients with BRAF mutations with melanoma,
next-generation, orally available, potent, and
NSCLC, and colorectal cancer. But we [must]
selective small molecule inhibitors. The pan-RAF
acknowledge that in many of the diseases where
inhibitor is specifically designed to inhibit class
we see a BRAF mutation, it is not the typical
II and class III BRAF dimers while still inhibitBRAF V600 mutation for which the current drugs
ing class I monomers. Investigators will evaluate
have been found to be effective,” added Perez,
the agent in the phase 1/1b trial KN-8701 trial
who is director of drug development at Florida

FIGUR E. KIN - 2787 Phase 1 Trial Desig n 9

B. DOSE EXPANSION:
Cohort 1 (n = 25)

Eligibility criteria

• Melanoma with class II or class III BRAF alterations

• M
 etastatic or advanced-stage
solid tumor

• Or NRAS-mutant melanoma
• M
 easurable or evaluable
disease by RECIST 1.1
• ECOG performance status 0-2
• A
 dequate organ function, as
measured by laboratory values
• A
 ble to swallow, retain, and
absorb oral medications

A1. DOSE ESCALATION:
Solid tumors with class I, II,
or III mutations
N = 155

• K
 nown BRAF class I, class
II, or class III alteration
as confirmed by previous
genomic analysis of tumor
tissue or ctDNA

• KIN-2787 twice daily in 28-day cycles

KN-2787 monotherapy dose
escalation to MTD/RP2D (n = 40)

Cohort 2 (n = 25)
• NSCLC with class II or class III BRAF alterations
• KIN-2787 twice daily in 28-day cycles
Cohort 3 (n = 25)
• O
 ther solid tumors with class II or class III
BRAF alterations
• KIN-2787 twice daily in 28-day cycles

A2. DOSE ESCALATION: NRAS-mutant melanoma

ctDNA, circulating tumor DNA; DCR, disease control rate; DLT, dose-limiting toxicity; DOR, duration of response; MTD, maximum-tolerated dose; NSCLC, non–small cell lung cancer; ORR, objective response rate;
PK, pharmacokinetics; RP2D, recommended phase 2 dose.
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• PK

KN-2787 dose escalation to MTD/RP2D in combination with binimetinib (n = 36)
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(NCT04913285) of adult patients with solid
tumors harboring class I, class II, or class III
BRAF alterations.1

EVALUATING KIN-2787
ACROSS THE CLASSES
In vitro and in vivo activity with KIN-2787 laid
the foundation for investigators to pursue the
agent as a viable option. Specifically, KIN-2787
had activity against human cancers driven by
class I, class II, and class III BRAF mutations and
treatment with the agent led to time-dependent
and exposure-dependent inhibition of MEK-ERK
phosphorylation. This activity was accompanied
by suppression of MAPK transcriptional targets
at the RNA and protein level. Investigators also
evaluated the dosing tumor response in the
human cancer models and reported that twicedaily oral dosing was found to be well tolerated
and had prolonged target coverage/inhibition
with a trend in the direction of more frequent
and deeper tumor responses in vivo.1
“The interesting thing about [KN-2787] is that
it was developed also to try to target the other
2 classes of BRAF mutations,” Perez said. “That
was not the case for the drugs that we have
available on the market. They were always developed to try to target the class I mutation. I think
it is important that we have been able to classify
these mutations and recognize the mechanisms
of how they promote proliferation and survival.
We can now actually target these mutations and
one of the most exciting things is that after we
classified and understood how the class II and
class III mutations can promote survival, we
were able to develop drugs to target [them].”
The pan-RAF approach in the development of
KIN-2787 optimized the agent’s ability to cover
the heterogenous nature of class II and III alteration as well as narrow the concentration levels
at which paradoxical activation occurs, such as
in BRAF-BRAF or BRAF-CRAF conformations.8
Perez added that distinguishing factors in
genomic abnormalities of BRAF are displayed in
several diseases and that although BRAF may
present in only 1% to 2% of cancers, it is important to develop drugs to address this patient
population. Despite uncertainty as to how effective pan-RAF inhibitors will be against any of
the classes in clinical practice, investigators
hope that the initiation of trials such as KN-8701
will shed some light on their role for patients
with these mutations.
The KN-8701 multicenter study will evaluate the safety, tolerability, pharmacokinetics,
and preliminary efficacy of KIN-2787 in approximately 115 adult patients with BRAF-mutated
advanced or metastatic solid tumors.9 The study
will be divided into dose-escalation and doseexpansion portions. The dose escalation group
will consist of patients with solid tumors
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cohort of patients with NRAS-mutant melaharboring class I, class II, or class III BRAF
noma who will receive KIN-2787 in combination
alterations and will determine the recommended
with binimetinib (Mektovi). “Patients with
phase 2 dose (RP2D).
NRAS mutations are another population with
The RP2D will then be evaluated in patients
a high unmet need in metastatic melanoma,”
with NSCLC, melanoma, and other solid tumors
Meredith McKean, MD, MPH, said
harboring class II or class III BRAF
in an interview.
alterations in the dose expansion
“There are a couple of different
segment. KIN-2787 will be administargeted therapies under developtered orally twice daily in 28-day cycles
ment, but the fact is that there are no
in both phases.
approved therapies for these patients
BRAF alteration will be confirmed
and data show that [this population]
by previous genomic analysis of tumor
has worse outcomes than patients withtissue or circulating tumor DNA.
Patients must have received prior
Meredith McKean, out NRAS mutations.” McKean is the
associate director of melanoma and
standard therapy appropriate for the
MD, MPH
skin cancer research at Sarah Cannon
tumor type and disease stage or be
Research Institute in Nashville, Tennessee.
unlikely to tolerate or derive clinically meanSomatic mutations of NRAS occur in approxiingful benefit from appropriate standard of care
mately 25% of melanomas with signaling shown
therapy. An ECOG performance status of 2 or
to be highly CRAF-dependent.11,12 Data from a
less, adequate organ function, and the ability
to swallow, retain, and absorb oral medications
phase 1 study (NCT03284502) showed that treatare also required.
ment using a pan-RAF inhibitor in combination
“Patients with class I mutations who have
with a MEK inhibitor elicited a partial response
been previously treated with an approved
rate of 26.3% among 19 patients, with 41.2%
BRAF inhibitor—for example, patients with
achieving stable disease.13
melanoma who have had disease progression—
Investigators leveraged these findings as
will [be included in the trial],” Perez explained.
rationale to combine KIN-2787 administered
If patients have previously received BRAFat the clinical dosing strategy (10 mg/kg twice
directed, MEK-directed, or MAPK-directed
daily) with binimetinib (3 mg/kg twice daily) in
inhibitor therapy for tumor types and indications
patients with NRAS-mutant melanoma.
not approved by the FDA, they will not be able
The 2 agents had a synergistic effect with
to participate. Further, those with known active
meaningful tumor reductions compared with
brain metastases from nonbrain tumors will be
monotherapy. Specifically, preclinical findings
excluded from the trial, along with those who
demonstrated a 122% tumor growth inhibition
are seropositive for hepatitis B or hepatitis C.
with the combination.8
The primary end points of the trial are
The dose expansion cohort will evaluate up
the incidence of dose-limiting toxicities,
to 36 patients with NRAS-mutant melanoma.
treatment-emergent adverse events,
“There is a lot of excitement about opportunities
treatment-related adverse events, and incidence
in this trial and trying to find new avenues of
of clinically significant changes in vital signs,
treatment for these patients,” McKean said.
physical examinations, electrocardiograms, and
“[We need to] highlight the importance of
clinical laboratory tests.
molecular profiling. The days of testing for BRAF
In the dose expansion portion, primary
V600 mutations are over and we really should
outcome measures include objective response
be doing full, comprehensive profiling for all
rate, disease control rate, duration of overpatients with metastatic melanoma to make sure
all response, and duration of stable disease.
that we are identifying other actionable driver
Secondary end points of the study consist of
mutations and [to help us] identify clinical trial
maximum observed plasma concentration
opportunities for these mutations.” ■
(Cmax) of KIN-2787, time to achieve Cmax, and
For a full list of references,
area under the plasma concentration-time curve.
see the article at
.
Perez noted that any signaling on activity patients with class I, class II, or class III
BRAF genomic abnormalities will also be moniThis is a published correction to the article that
tored. The first patient in the study was dosed
appeared in Vol. 23, No. 6, March 2022.
in August 2021. The study is estimated to be
The FIGURE has been updated to remove incorrect
completed in June 2024.9,10
dosing information.

KN-8701 EXPANDS OPTIONS
FOR NRAS-MUTATED MELANOMA
In January 2022, investigators expanded the
KN-8701 trial to include a dose-escalation
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Microbiota Modulation Offers Hope
of Expanding the Benefits of Immunotherapy
by JANE DE LARTIGUE, PhD

ALTHOUGH THE MICROORGANISMS

MICROBES AND CANCER

colonizing our bodies have long been linked to
human health and various disease states, an understanding of the potential impact of the microbiota
on cancer has just begun to emerge in the past
20 years. Novel strategies to modulate the microbiota are now an area of robust investigation.1
Components of the microbiota are linked not
only to the development of a number of malignancies but also to response to cancer treatment and
the risk of therapy-related toxicity.1,2 Arguably,
“one of the most exciting and potentially translational aspects of cancer microbiome research”
is the evolving understanding of the impact of
the microbiota on outcomes, including the finding that specific gut bacteria are associated
with improved response to immune checkpoint
inhibitors (ICIs).1
As interest in the modulation of the microbiota as a potential avenue for the treatment of
cancer and other diseases has grown, the FDA
has created a new regulatory class to encompass
these therapeutics.3,4 Among the “live biotherapeutic products” (LBPs) in development is fecal
microbiota transplantation (FMT). Attention on
FMT, already used in the treatment of recurrent
Clostridioides difficile infection,5 has now turned
to its potential in cancer.1
An area of intense ongoing research in the ICI
field is examining ways to boost these agents’
efficacy, given that only a minority of patients
responds to these groundbreaking drugs.6
Recently, the first clinical evidence emerged that
transplanting the microbiota from a responder
could boost the efficacy of ICIs in patients with
melanoma who are refractory to these drugs.7,8
Numerous microbiome-focused biotech companies have sprung up in recent years and are
pursuing novel orally administered alternatives
to FMT,9 using single-strain or multistrain bacterial consortia with strong evidence of potential to
enhance patients’ response to cancer therapy.1,2
These novel LBPs also are being explored in the
prevention or management of treatment-related
toxicity. The most notable example is graft-vs-host
disease (GVHD), a complication associated with
hematopoietic stem cell transplantation (HSCT)
that causes significant morbidity and mortality in
patients with hematologic malignancies.2
Most of the clinical studies evaluating LBPs and
other novel approaches to modulating the microbiota in patients with cancer are in the early stages,
with academic investigators playing a significant
role in the research (TAB L E ).

The concept of modulating the microbiota to
promote health and prevent disease started in the
early 1900s and has since grown into the multibillion-dollar probiotics industry. Probiotics,
defined as bacteria that “confer a health benefit to
hosts when consumed in adequate amounts,” are
largely marketed as dietary supplements. Free
from rigorous regulatory review, the evidence
supporting their proposed health claims is
often inadequate.2
In the oncology arena, a handful of microorganisms have been directly linked to the development
of cancer. Among them are viruses, including
human papillomavirus, which is responsible for
almost all cases of cervical cancer worldwide,10
and hepatitis B and C viruses, which are major
contributing factors to hepatocellular carcinoma.11
Meanwhile, approximately 90% of gastric cancers
worldwide are attributable to the bacterium
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Helicobacter pylori, which is recognized by the
World Health Organization as a
type I carcinogen.2,12
Numerous other microbial species likely play a
role in the development of cancer. For example, a
substantial body of evidence links the bacterium
Fusobacterium nucleatum to the development of
colorectal cancer (CRC).13
Thanks to the ability to rapidly sequence microbial genomes, there is growing appreciation
that carcinogenesis involves not just individual microbial species but also may encompass
the composition of the microbiota as a whole. In
a healthy individual, the gut is typically populated by bacteria of the Lactobacillus, Bacteroides,
and Bifidobacterium species, but in patients
with CRC there is a global shift in the microbial species that make up the gut microbiome,
with an overrepresentation of Fusobacterium,
Porphyromonas, Parvimonas, Peptostreptococcus,
and Gemella species.1
These associations have not yet been proven to
equal causation, but identifying the mechanisms
underlying the link between microbiota disruption and carcinogenesis is a significant focus
of ongoing research. The prospect of detecting
unique microbial signatures that are predictive of
the development of certain cancers offers a tantalizing prospect for cancer diagnosis.1,14

The bacterium Helicobacter pylori
is a recognized carcinogen.

In addition to findings about the gut microbiota’s
role in cancer development, there is a growing
body of evidence demonstrating that microbiota
composition and diversity can influence patients’
response to chemotherapy, radiation therapy, and
immunotherapy, as well as patient outcomes after
HSCT, via a variety of mechanisms.1,2,15
Conversely, the composition of the microbiota also has been shown to be affected by the use
of cancer therapy or associated supportive treatments. Particularly noteworthy in this respect are
antibiotics, which are commonly indicated to treat
infections that result from the myelosuppressive
impact of cancer therapy.1
Antibiotics could potentially eliminate indigenous microbiota in addition to the pathogenic
microorganisms responsible for the infection,
which might have unintended negative consequences on patient outcomes. Findings from a
recent study that examined the impact of the
microbiota and antibiotic use on chimeric antigen
receptor (CAR) T-cell therapy outcomes showed
that the use of certain antibiotics before CAR
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T-cell therapy in patients with B-cell malignancies led to worse outcomes.
However, results of another study suggest
that the impact of antibiotic use on CAR T-cell
therapy outcomes is nuanced. In this study, investigators found that the antibiotic vancomycin
was associated with greater CAR T-cell expansion and inflammatory cytokine levels in a small
cohort of patients with B-cell acute lymphoblastic leukemia.16,17
The composition of the microbiota also has been
shown to influence the risk of treatment-related
toxicity. Several species of gut bacteria have been
linked to a reduced incidence of immune-related
toxicity. For example, Bacteroidetes are more
abundant in patients colitis related to ipilimumab
(Yervoy) therapy.2 Specific types of gut bacteria also have been shown to be associated with
a reduced risk of developing GVHD after allogeneic HSCT.18-20
Further disentangling the relationship between
the microbiota and therapeutic outcomes in
cancer could allow specific microbial signatures to serve as biomarkers to predict clinical
response and risk of developing complications.

BROADENING ICI EFFICACY
A particularly exciting avenue of ongoing
research relates to potential applications of the
microbiota in predicting response to ICIs. A series
of studies in mice identified specific groups of
bacteria that were associated with improved
response to ICIs. Bacteroides species, specifically B fragilis and B thetaiotaomicron, were
linked to the antitumor immune response associated with ICIs targeting CTLA-4,21 whereas
separate studies found that Bifidobacterium and
Ruminococcaceae were key to the antitumor
response to PD-L1–targeted and PD-1–targeted
drugs,22,23 respectively. That different bacterial
taxa were associated with the efficacy of each
agent highlights the complexity of the microbiota
and the challenge in defining “beneficial” microbial signatures.
Investigators also have demonstrated that
tumor-bearing mice whose guts were colonized with feces from patients whose cancer had
responded to ICI therapy had better responses to
ICIs compared with mice whose guts were colonized with the feces of nonresponders.23 Another
study showed that colonizing the gut of germfree mice with a rationally chosen consortium
of 11 human bacterial strains could enhance the
efficacy of ICIs.24 These findings have potential
implications for the development of novel therapeutic strategies to boost the efficacy of ICIs.
Microbiota-modulating therapies represent an
area of intense ongoing research, with perhaps
the best-known example being FMT. This process
involves the use of donated stool from healthy
individuals, which is purified, processed, and

TA B L E . S elect Ongoing C linica l Tria ls I nvolving the Mic r o biot a

Trial description

Target
enrollment

Phase;
trial name/
ClinicalTrials.gov identifier

+ pembrolizumab (PD-1 inhibitor) combined with
enzalutamide and ADT patients with mCRPC
who do not respond to initial pembrolizumab
and enzalutamide therapy

32

Phase 2;
NCT04116775

FMT in patients with AML undergoing
intensive induction chemotherapy and patients
undergoing allogeneic HSCT

119

Phase 2;
NCT03678493a

Treating ICI-induced diarrhea or colitis in
patients with genitourinary cancer

40

Phase 1;
NCT04038619

Treatment of medication-induced
GI complications in patients with cancer,
including melanoma, genitourinary cancer,
and lung cancer

800

Phase 1/2:
NCT03819296

As salvage therapy in patients with
ruxolitinib-refractory GI acute GVHD

75

Phase 3;
ARES/
NCT04769895b

In patients with solid tumors being treated
with ICI therapy

65

Phase 1;
MET4-IO/
NCT03686202

+ nivolumab (PD-1 inhibitor) in patients with
select advanced/metastatic cancers

54

Phase 1/2;
Consortium-IO/
NCT04208958a

Neoadjuvant therapy in patients with
operable stage I-III breast cancer

30

Phase 1:
NCT04139993

+ avelumab (PD-L1 inhibitor) in patients
with urothelial carcinoma

30

Phase 2;
AVENU/
NCT05107427

+ avelumab in patients with advanced/
metastatic solid tumors who have progressed
on anti–PD-1/PD-L1 ICIs

93

Phase 1;
NCT04601402

Intervention
(sponsor)
Fecal microbiota transplantation
Boosting treatment efficacy
FMT + ICI
(Julie Graff, MD, Portland VA
Medical Center)
Masonic Cancer Center,
University of Minnesota

Managing treatment-related AEs
FMT + loperamide
(The University of Texas MD
Anderson Cancer Center)
FMT + standard of care
(MD Anderson)

Next-generation live biotherapeutic products
Microbial consortia
MaaT013 (MaaT Pharma)
MET-4
(NuBiyota)
VE800
(Vedanta Biosciences)
RBX7455 (Rebiotix)

Single-strain inoculants
MRx0518
(4D pharma)
GEN-001
(Genome & Company)

Dietary modification/prebiotics
Bob’s Red Mill potato-based
resistant starch
(University of Michigan Rogel
Cancer Center)

In patients undergoing allogeneic HSCT

70

Phase 2;
NCT02763033

Isocaloric high-fiber diet
(MD Anderson)

In patients with stage III/IV melanoma
receiving immunotherapy

42

Phase 2;
DIET/
NCT04645680

ADT, androgen deprivation therapy; AE, adverse effect; AML, acute myeloid leukemia; FMT, fecal microbiota transplantation; GI, gastrointestinal; GVHD, graft
vs host disease; HSCT, hematopoietic stem cell transplantation; ICI, immune checkpoint inhibitor; irAE, immune-related adverse event; mCRPC, metastatic
castration-resistant prostate cancer.
Trial is active but not recruiting.

a

Trial is not yet recruiting participants.

b

then administered to a patient via colonoscopy,
enema, or oral capsules.5
The results of 2 studies recently published in
Science demonstrated the clinical potential of
using FMT to promote response to ICIs in patients
with ICI-refractory melanoma. In both studies,
FMT was derived from donors who had responded
to PD-1–targeted therapy and was given, in combination with PD-1–targeted therapy, to patients
with melanoma who were refractory to ICIs.

In the first study (NCT03341143), the combination was well tolerated, and clinical benefit was
observed in 6 of 15 patients.7 In the second study
(NCT03353402), clinical responses were observed
in 3 of 10 patients, including 2 partial responses
(PRs) and 1 complete response (CR).8 In both
trials, FMT was associated with favorable changes
in the microbiota composition, immune cell infiltrates, and the tumor microenvironment (TME).7,8
MICROBIOTA, CONTINUED ON PAGE 77 
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The Microbiota

A WEB OF MICROORGANISMS
by JANE DE LARTIGUE, PhD

OUR BODIES CONTAIN TRILLIONS of microorganisms whose collective complement of genes
far exceeds our own genome. The microbiota, as
these organisms collectively are known, is established at birth, or potentially even in utero, and
develops rapidly until around age 3 years. It then
remains relatively stable until it begins to decline
with advanced age.1-4
Although dominated by bacteria, the microbiota
also is composed of various other microorganisms,
including viruses and fungi. The largest microbial
population is found in the gut, particularly in the
colon, but there are numerous microbial niches
throughout the body that vary in diversity. For
example, the skin and gut microbiota are highly
diverse, whereas the vaginal microbiota is dominated by specific microbial species.1,3-6
The gut microbiota is the most well studied and
best understood population. Its precise composition is unique to each individual; although the
genomes of individual human beings are 99.9%
identical, our gut microbiomes can differ by 80%

to 90%.5 These differences are driven by various
factors, including genetics, geography, diet, antibiotic use, and other environmental influences.1,4,5
Current estimates suggest that more than
1500 species of bacteria are found within the
gut microbiota.4
The human body provides these microorganisms
with ideal conditions for growth. The organisms
of the microbiota help to maintain human health
through their roles in immunity, digestion, metabolism, neurological signaling, and beyond. The
microbiota mediates these effects through direct
interactions between microbial and host cells, as
well as indirectly, through the effects of the metabolites that these organisms produce.1,3,4
A definition of “healthy” microbiota has proved
elusive due to natural variation in its composition;
however, thanks to the advent of high-throughput sequencing techniques, investigators have
been able to identify distinct microbial signatures that are associated with disease states,
including cancer.1,7

A direct carcinogenic role is recognized for
only 11 microorganisms (7 viruses, 3 platyhelminths, and 1 bacterium), but they are estimated
to cause 13% of cancers annually. There is strong
evidence suggesting that other microbes can also
cause cancer, although causation has not been
proven. Many other microorganisms are likely to be
complicit in cancer, indirectly influencing cancer
development or progression through their effects
on the immune system or via their metabolites
(F I G U R E 5).1,5,8
In addition, a wider disturbance in the composition and function of the microbiota, termed
dysbiosis, is increasingly suggested to contribute to cancer development. For example, the oral
microbiota undergoes a population-level shift
following prolonged exposure to cigarette smoke,
which has been correlated with the development of
oropharyngeal cancer.1,8 ■
For a full list of references,
see the article at

.

F IGUR E. M i c r o bi al M e chan i s m s o f I m m un omodula tion During Tumor Pr ogr es s ion 5

Intratumoral
immunomodulation

There are many mechanisms through which mucosal microbes can affect immune system functions locally or after translocating to the sites of growing tumors through direct and indirect activity. The downstream impact of this activity
may have an impact on a range of cells in the TME.
NK, natural killer; PRRs, pattern recognition receptors; SCFAs, short chain fatty acids; TLRs, toll-like receptors; TME, tumor microenvironment.
Recreated under a Creative Commons license from Jain T et al. Front Immunol. 2021;12:622064. doi:10.3389/fimmu.2021.622064
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bone marrow transplants,
averaging 400 a year
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one of the nation’s premier cancer programs.
Call 833-CANCER-MD to refer a patient.
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Numerous clinical trials of FMT are ongoing,
including some testing its potential to boost the
efficacy of anticancer therapy, as well as others
evaluating FMT for the prevention and management of treatment-related adverse events and the
management of acute GVHD (aGVHD).

NEXT-GENERATION PROBIOTICS
Although FMT could establish proof of concept
for targeting the gut microbiota, it is not without its challenges. There is no standard definition
of FMT, and the mechanism underlying its efficacy is poorly understood. Feces contain many
species of microorganisms, in addition to other
components, such as metabolites, that could have
a therapeutic effect.25
FMT is not a traditional drug or medicinal product, and initially it was not regulated by the FDA.
In 2012, the agency created a new category for
drugs containing live microorganisms that are
used for therapeutic purposes, and the use of
these LBPs now requires an investigational new
drug application.3,4,25
Despite this increased regulation, FMT has
encountered safety issues. In March 2020, the
FDA issued a safety alert following infections
with pathogenic Escherichia coli strains detected
in 6 patients who received investigational FMT
products supplied by a stool bank company as
treatment for C difficile infection. Additionally,
2 patients with chronic medical conditions died
after receiving the FMT product from the stool
bank; however, the FDA said the E coli infection
was not detected in the stool of 1 of the patients
and it was unclear whether the infection contributed to the death of the other. The FDA now
mandates additional screening of donor feces for
these dangerous strains.25-27
To overcome some of these challenges, ongoing
development of microbiota-modulating therapies
is focused on the use of defined single strains or
microbial consortia cultivated in the laboratory to
produce pure live cultures free from contamination by pathogenic strains.1,25
Among such products in development is 4D
pharma’s MRx0518, which contains a single
strain (Enterococcus gallinarum) that has been
shown to elicit strong proinflammatory responses
in preclinical studies.28 Several clinical trials
of MRx0518 are ongoing, including a phase 1/2
study (NCT03637803) with a safety phase (part A)
and cohort expansion (part B) evaluating
MRx0518 in combination with pembrolizumab
(Keytruda) in patients with advanced solid
tumors who previously progressed on ICIs.
Among 12 patients with metastatic renal cell
carcinoma and non–small cell lung cancer treated
during part A of the study, the disease control
rate was 42%, including PR in 3 patients and
stable disease lasting at least 6 months
in 2 additional patients, with a median
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duration of treatment of 13.2 months among the
5 responders.29
A biomarker analysis revealed that patients who
experienced clinical benefit from the combination
demonstrated a significantly greater density of
CD3+FOXP3+ regulatory T cells and CD3+Ki67+
proliferating T cells in tumors at baseline.
Nonresponders had a significantly higher density
of CD68+ macrophages in the TME.30
Part B is enrolling 30 patients with each tumor
type, and as of February 2021, 24 patients had
been enrolled and a safety review of the first
10 patients revealed no dose-limiting toxicities.31
Last year, the company also announced plans for
a study evaluating MRx0518 in combination with
avelumab (Bavencio) for the treatment of patients
with urothelial carcinoma in collaboration with
Merck and Pfizer.32
MaaT Pharma is developing several orally
administered microbial consortia–containing
bacterial species known to produce anti-inflammatory short-chain fatty acids.33 One of these
products, MaaT013, is poised to enter phase 3
testing in the ARES trial (NCT04769895) in
patients with gastrointestinal (GI) aGVHD refractory to JAK inhibitor therapy with ruxolitinib
(Jakafi) and corticosteroids, pending further
discussions with the FDA.34
MaaT013 therapy demonstrated safe and
effective outcomes for immunocompromised
patients with GI aGVHD in results from the
phase 2 HERACLES trial (NCT03359980) and
an early access program (EAP) in France that
were reported at the 63rd American Society of
Hematology Annual Meeting and Exposition in
December 2021.35
A total of 76 patients with steroid-refractory
GI aGVHD were treated in the HERACLES study
(n = 24) and the EAP (n = 52; steroid-dependent
cases also allowed). In HERACLES, the GI overall
response rate (GI-ORR) was 38%, including 5 CRs,
2 very good PRs (VGPRs), and 2 PRs. In the EAP,
GI-ORR was 60%, including 16 CRs, 11 VGPRs,
and 4 PRs. The 6-month and 12-month overall
survival rates were 29% and 25%, respectively,
in HERACLES, and 48% and 37%, respectively, in the EAP.35
MaaT013 also is being evaluated in the phase
1 CIMON trial (NCT04150393) in patients with
hematologic malignancies undergoing intensive
chemotherapy. MaaT Pharma recently reported
that it plans to wrap up the trial early, after promising data from the first 4 cohorts, and progress
into a larger phase 2/3 trial in patients with acute
myeloid leukemia.36 ■
Jane de Lartigue, PhD, is a freelance medical writer
based in Gainesville, Florida.
For a full list of references,
see the article at
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Targeted Treatment Arsenal for
Myelofibrosis Set to Explode
by CHRISTINA T. LOGUIDICE

MYELOFIBROSIS (MF) IS A highly hetero-

agents belong to the same medication class,
geneous disease, with patients having varying
they have distinguishing features that may help
symptoms and presentations. The only cure is
guide treatment selection (TAB L E 4-6). “Each
allogeneic stem cell transplantation;
patient with MF is unique; there’s not
however, this treatment is not approa 1-size-fits-all JAK inhibitor,” Angela
priate for many patients. Consequently,
Fleischman, MD, PhD, said.
treatment is often aimed at controlling
a variety of disease symptoms and
Ruxolitinib: Monotherapy
complications while enhancing qualand Combinations
ity of life and extending survival. Over
Ruxolitinib, which has now been used
the past decade, JAK inhibitors have
for more than a decade, was the first
given an increasing number of patients Angela Fleischman, treatment to receive FDA approval for
with MF access to meaningful treatpatients with MF and has been shown
MD, PhD
ments that enable them to achieve these
to be effective in reducing splenomegtherapeutic goals.
aly and ameliorating symptoms of MF.1 However,
During a recent OncLive Peer Exchange ®, a
the agent is not appropriate for patients with
very low platelet counts (< 50,000/µL). The
panel of hematology cancer experts discussed
panel noted ruxolitinib could be considered for
currently approved and emerging JAK inhibitors
patients with platelet counts in the 50,000/µL to
as well as targeted agents with other mecha100,000/µL range; however, patients need to be
nisms of action that are in various stages of
able to reach a certain dosing threshold to obtain
clinical development for MF, either as monobenefit. “If I can’t get above 5 mg twice
therapies or in combination with a JAK
a day with ruxolitinib in that kind of
inhibitor. They shared their insights
category, I’m not typically expecting to
on which patient subsets might be the
see a robust improvement in spleen or
best candidates for these treatments
symptoms,” Stephen T. Oh, MD, PhD,
and discussed considerations for using
said. “We know from the literature that,
these agents in clinical practice.
in general, you need to get to 10 mg
[twice daily] of ruxolitinib to see a
JAK INHIBITORS
substantial improvement.”
Three JAK inhibitors have been
Stephen T.
An area of ongoing investigation is
approved by the FDA: ruxolitinib
Oh, MD, PhD
combining ruxolitinib with agents that
(Jakafi), approved in November 2011;
have different mechanisms of action. The ongofedratinib (Inrebic), approved in August 2019;
ing ADORE study (NCT04097821) is a 3-part,
and pacritinib (Vonjo), granted accelerated
open-label, multicenter, phase 1/2 open-platform
approval in February 2022.1-6 Although these
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study assessing the safety and efficacy of ruxolitinib in combination with a variety of novel
compounds for the treatment of MF, including
the HDM2 inhibitor siremadlin, the P-selectin
inhibitor crizanlizumab, the TIM-3 inhibitor
sabatolimab, the ERK inhibitor LTT462, and the
TGFβ inhibitor NIS793.7
“When I saw the design of this ADORE trial...
it just goes to show you that the perfect combination isn’t known yet,” Jamile M. Shammo, MD,
FASCP, FACP, said, adding that although the
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TABLE. O ve r vi ew o f the 3 F DA - A p p r ove d JA K I nh ib itor s 4-6

Agent

Ruxolitinib

Fedratinib

Pacritinib

Mechanism of action

Inhibits JAK1 and JAK2

Inhibits JAK2 and FLT3

Inhibits JAK2, FLT3, IRAK1, and CSF-1R

Indication in MF

Intermediate-risk or high-risk MF, including primary
MF, post-polycythemia vera MF, and post-essential
thrombocythemia MF in adults

Intermediate-2 or high-risk primary or secondary
(post-polycythemia vera or post-essential
thrombocythemia) MF in adults

Intermediate-risk or high-risk primary or secondary (post–
polycythemia vera or post–essential thrombocythemia)
MF in adults with a platelet count < 50 × 109/La

Administration

Orally twice daily, with doses ranging from 5-20 mg,
depending on patients’ baseline platelet count

400 mg orally once daily with or without food for
patients with a baseline platelet count of ≥ 50 × 109/L

200 mg orally twice daily with or without food

≥ 20% of patients: Diarrhea, nausea, anemia,
and vomiting

≥ 20% of patients: Diarrhea, thrombocytopenia,
nausea, anemia, and peripheral edema

Hematologic (> 20%): Thrombocytopenia and anemia

Most common AEs in MF

Warnings and precautions

Nonhematologic (≥ 15%): Bruising, dizziness,
headache, and diarrhea
Thrombocytopenia/anemia/neutropenia, risk of
infection, symptom exacerbation after interruption
or discontinuation, risk of nonmelanoma skin cancer,
lipid elevations, MACE, thrombosis, secondary
malignancies

Anemia/thrombocytopenia, gastrointestinal toxicity,
hepatic toxicity, amylase and lipase elevation, MACE,
thrombosis, secondary malignancies
Boxed warning: Fatal encephalopathy,
including Wernicke’s

Hemorrhage, diarrhea, thrombocytopenia, prolonged QT
interval, MACE, thrombosis, secondary malignancies,
and increased risk of infection

AEs, adverse effects; MACE, major adverse cardiac events; MF, myelofibrosis.
Indication is under accelerated approval based on reduction in spleen volume, with full approval contingent upon verification and description of clinical benefit in a confirmatory trial.

a

idea of combination therapy is intriguing, she
Fedratinib
investigators to initiate the phase 3b FREEDOM
will stick with monotherapy in the second line
trial (NCT03755518), which is further evaluating
Fedratinib is indicated for adults with interuntil there are data to support double-agent vs
the safety and efficacy of this agent in patients
mediate-2 or high-risk primary or secondary
single-agent treatment in this setting.
previously treated with ruxolitinib, including
(post-polycythemia vera or post-essential throm“That’s my personal view, because
the use of strategies to prevent or mitigate thiabocythemia) MF. These indications are
unless you’re using a nonmyelosupmine deficiency and GI toxicities.14 The data
supported by data from the phase 3
pressive agent, you probably aren’t
JAKARTA (NCT01437787) and phase 2
indicate that GI toxicities can be reduced via
giving a full dose and you may be sacriJAKARTA-2 (NCT01523171) studies.10,11
early implementation of GI prophylaxis, such
ficing some of the efficacy that had been
as use of ondansetron or loperamide, and that
In JAKARTA, among the 96 patients
reported initially,” she said.
monitoring thiamine levels before initiating
who received the FDA-approved dose
Several agents have shown promfedratinib and periodically during treatment can
of 400 mg once daily, 36% achieved at
ise in combination with ruxolitinib.
ensure any thiamine deficiencies are diagnosed
least 35% spleen volume reduction and
One such approach is to add the PI3Kδ
and corrected before they become problematic.
MF
symptom
responses
(≥
50%
reducJamile M. Shammo,
inhibitor parsaclisib to ruxolitinib. In
“In terms of thiamine deficiency, I check it on
tion
from
baseline
in
total
symptom
MD, FASCP, FACP
10
an interim analysis of a small phase 2
every patient I have, though I’m not going to be
scores). In an updated analysis of the
study (NCT02718300) that included 32 patients
waiting for the results. I typically would treat
JAKARTA-2 study that used more stringent critewith a suboptimal response to ruxolitinib, the
them accordingly but monitor the level moving
ria for ruxolitinib failure (n = 97), 30% of patients
combination showed improvement in spleen
forward,” Shammo said.
had at least 35% spleen volume reduction and
8
volume and symptom reduction.
Ruben Mesa, MD, said he takes a more proac27% of patients had MF symptom responses with
tive approach recommending OTC thiamine as a
fedratinib 400 mg daily.12
According to Oh, another promising approach
cost-efficient option for patients. “The
that may be closer to approval is combining
The road to approval for fedratistudy would suggest that [if levels are]
ruxolitinib with the BCL2 inhibitor navitonib was not easy. The FDA had placed
monitored, it’s really not as big a deal.
clax. Investigators evaluated this combination
fedratinib on hold from 2013 to 2017,
It’s a [boxed] warning but, again, one
in a small phase 2 study (NCT03222609) that
after symptoms suggestive of Wernicke
that is relatively manageable,” he said.
included 34 adults with intermediate-risk or
encephalopathy manifested in 8 of 608
high-risk MF who had progressed on or had a
study participants (1.3%) treated with
suboptimal response to a stable ruxolitinib dose
this agent.13 Although fedratinib was
Pacritinib
of 10 mg twice daily.
ultimately deemed not to be directly
Prior to the approval of pacritinib,
In the study, the addition of navitoclax not
responsible for inducing Wernicke
patients with cytopenic MF did not have
Ruben Mesa, MD
only led to durable, at least 35% spleen volume
encephalopathy, this life-threatening
any FDA-approved treatment options.
reductions and significant reductions in sympcondition is still included as a potential compliThe FDA granted the accelerated approval based
toms but also was associated with significant
cation in a boxed warning in the prescribing
on data from the phase 3 PERSIST-2 study
improvements in hemoglobin levels and bone
information. This is because clear risk factors
(NCT02055781), which compared the safety and
marrow fibrosis grade.9
for the condition have been identified, including
efficacy of pacritinib with best available therapy
thiamine deficiency and uncontrolled gastroin(BAT) in patients with thrombocytopenia and
“Molecular response, and the so-called holy
testinal (GI) toxicity. In JAKARTA-2, GI toxicities
primary or secondary MF.3,15
grail of disease modification, may be something
were the most common adverse effects (AEs),
that combination could provide,” Oh said, noting
Investigators randomly assigned patients with
with diarrhea occurring in 62% of patients,
that this remains speculation and that the benebaseline platelet counts less than 100,000/µL
nausea in 56%, and vomiting in 41%.14
fits of adding navitoclax need to be verified
to receive pacritinib 200 mg twice daily, pacriby phase 3 data.
tinib 400 mg once daily, or BAT.15 In patients
Questions regarding fedratinib’s AE profile led
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with baseline platelet counts less than 50,000/
µL who received pacritinib 200 mg twice daily,
29% had at least 35% spleen volume reduction
compared with 3% of patients receiving BAT,
which included ruxolitinib.15
“Patients [with cytopenic MF] whose disease
is JAK2 positive tend to have a lower JAK2 allele
burden, or they may be triple negative for the
3 common driver mutations—JAK2, CALR, and
MPL—and often other mutations that are likely
contributing to the phenotype,” Oh said. “This
may also dovetail with IRAK as being a target
of pacritinib in the sense that IRAK signaling is
involved in inflammatory cytokine production,
and that may be an additional mechanism that is
not entirely related or driven by JAK2 that could
explain responses seen with pacritinib.”

Momelotinib
Momelotinib is an investigational JAK inhibitor
targeting JAK1, JAK2, and ACVR1 that is in latestage development.16 It is being assessed in the
phase 3 MOMENTUM trial (NCT04173494), in
which investigators are comparing momelotinib
with the steroid danazol in symptomatic and
anemic patients with MF who have previously
been treated with an FDA-approved JAK inhibitor. Momelotinib’s clinical development program
is extensive, having already included more than
20 phase 1, 2, and 3 clinical studies that have
collectively enrolled more than 820 patients with
MF, with some being treated 10 or more years.
Two previously conducted phase 3 trials
assessing momelotinib monotherapy are
SIMPLIFY-1 (NCT01969838) and SIMPLIFY-2
(NCT02101268), results of which showed
responses in symptom, spleen volume,
and anemia end points.16 Investigators of
MOMENTUM will assess these metrics and
evaluate associations between anemia benefit, transfusion burden, and patient-reported
measures of clinical benefit.16 “I’m hopeful
that again we’re going to evolve to this state of
[having] up to 4 JAK inhibitors [available] but
with some areas of differences, differentiation,
and importance between them,” Mesa said.

BET INHIBITOR: PELABRESIB
Mesa said a range of drugs with different mechanisms of action are under evaluation for MF, with
pelabresib (CPI-0610) being one of the furthest
along in clinical development. Pelabresib is a potent,
first-in-class, selective, oral small-molecule inhibitor
of bromodomain and extraterminal (BET) proteins.17
The agent works by modifying the expression of
genes involved in nuclear factor kappa B (NFκB)
signaling, which is hyperactive in MF.
Pelabresib showed signals of clinical activity in the phase 1/2, open-label MANIFEST trial
(NCT02158858), which investigated this agent
as a monotherapy in transfusion-dependent
and non–transfusion dependent patients with
advanced MF who were intolerant/refractory
to ruxolitinib or ineligible to receive ruxolitinib.17 “[MANIFEST investigators] measured the
cytokines along [the NFκB] pathway and demonstrated that not only do you have a spleen volume
reduction, reduction in total symptom score, and
reduction in transfusion dependency in those
who were transfusion dependent, but also you
have a reduction in the cytokine signature that
may be along the pathway of NFκB,” Shammo
said. “This goes along with the proof of concept
that the agent isn’t only effective but also works
through that mechanism of action, and that
presumably is why it’s effective.”
Pelabresib is being evaluated in the
phase 3 MANIFEST-2 trial (NCT04603495).
Approximately 400 treatment-naïve patients
with MF will be randomly assigned to receive
pelabresib plus ruxolitinib or placebo plus
ruxolitinib.18 The study’s primary outcome
measure will be splenic response at week 24 and
the secondary outcome measure will be total
symptom score response at week 24. Mesa said
MANIFEST-2 will be the first study to examine
an alternative path to monotherapy with a JAK
inhibitor as up-front therapy. ■
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Clinical Research Study: KN-8701 (NCT04913285)

Now enrolling patients
with Class I, Class II, or
Class III BRAF-mutated
solid tumors and NRASmutated melanoma
Study Synopsis

KN-8701 is a multi-center, open-label, two-part clinical trial sponsored by Kinnate Biopharma to
evaluate the safety, tolerability, pharmacokinetics, and preliminary efficacy of the small molecule
pan-RAF inhibitor KIN-2787 in adults (18+) with Class I, Class II, or Class III BRAF-mutated advanced
or metastatic solid tumors and NRAS-mutated melanoma.
The dose escalation portion (Part A) of the trial will determine the recommended dose and schedule
of KIN-2787 for further evaluation in patients with BRAF mutation-positive solid tumors and NRAS
mutation-positive melanoma.
The dose expansion portion (Part B) will assess the safety and efficacy of KIN-2787 at the recommended
dose and schedule in patients with cancers that contain BRAF Class II or Class III mutations, including
lung cancer, melanoma, and other selected solid tumors.
The U.S. Food and Drug Administration (FDA) cleared the Investigational New Drug application for
KIN-2787 in May 2021 and the trial commenced on August 4, 2021. More information can be found at:
ClinicalTrials.gov/ct2/show/NCT04913285.

Current Study Locations

SCAN THE QR
TO LEARN MORE

• City of Hope, Duarte, California
• UCSD Moores Cancer Center, La Jolla, California
• Sarah Cannon Research Institute Lake Nona, Orlando, Florida
• Sarah Cannon Research Institute, Nashville, Tennessee
• Virginia Cancer Specialists, Fairfax, Virginia
• More study sites will be added

