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For your adult patients living with
Lambert-Eaton myasthenic syndrome (LEMS),

IT’S TIME FOR A

COMEBACK

Help your adult patients move forward
with FIRDAPSE® (amifampridine), the only
FDA-approved, evidence-based therapy
for the treatment of LEMS in adults.
FIRDAPSE has been proven in clinical trials
to signiﬁcantly improve muscle strength
and patient perception of well-being.1

INDICATIONS AND USAGE:
FIRDAPSE is a potassium channel blocker indicated for the treatment of Lambert-Eaton myasthenic
syndrome (LEMS) in adults.
SELECTED IMPORTANT SAFETY INFORMATION
FIRDAPSE can cause seizures. Do not use FIRDAPSE in patients with a history of seizures, or with
a hypersensitivity to amifampridine or another aminopyridine.
Please see Brief Summary of full Prescribing Information on the next page.
Reference: 1. Full Prescribing Information for FIRDAPSE (amifampridine). Catalyst Pharma; 2021.
© 2021 Catalyst Pharmaceuticals, Inc.
All Rights Reserved.
Printed in USA. 21LEM0116(4) March 2021

Visit www.FIRDAPSEHCP.com to learn more.

FIRDAPSE treatment for up to 2 years (open-label,
long-term safety phase of the study).

FIRDAPSE® (amifampridine) tablets for oral use
BRIEF SUMMARY OF FULL PRESCRIBING
INFORMATION FOR FIRDAPSE
INDICATIONS AND USAGE
FIRDAPSE is a potassium channel blocker indicated
for the treatment of Lambert-Eaton myasthenic
syndrome (LEMS) in adults.
DOSAGE AND ADMINISTRATION
• The recommended starting dosage is 15 mg to
30 mg daily taken orally in divided doses (3 to 4
times daily)
- Starting dosage is 15 mg daily for patients with
renal impairment, hepatic impairment, and
in known N-acetyltransferase 2 (NAT2) poor
metabolizers
• Dosage can be increased by 5 mg daily every
3 to 4 days
• Dosage is not to exceed a maximum of 80 mg daily
• The maximum single dose is 20 mg
CONTRAINDICATIONS
FIRDAPSE is contraindicated in patients with:
• A history of seizures
• Hypersensitivity to amifampridine phosphate or
another aminopyridine.
WARNINGS AND PRECAUTIONS
Seizures
FIRDAPSE can cause seizures. Seizures have been
observed in patients without a history of seizures
taking FIRDAPSE at the recommended doses, at
various times after initiation of treatment, at an
incidence of approximately 2%. Many of the patients
were taking medications or had comorbid medical
conditions that may have lowered the seizure
threshold. Seizures may be dose-dependent. Consider
discontinuation or dose-reduction of FIRDAPSE in
patients who have a seizure while on treatment.
FIRDAPSE is contraindicated in patients with a
history of seizures.
Hypersensitivity
In clinical trials, hypersensitivity reactions and
anaphylaxis associated with FIRDAPSE administration
have not been reported. Anaphylaxis has been
reported in patients taking another aminopyridine;
therefore, it may occur with FIRDAPSE. If anaphylaxis
occurs, administration of FIRDAPSE should be
discontinued and appropriate therapy initiated.
ADVERSE REACTIONS
The following serious adverse reactions are described
elsewhere in the labeling:
• Seizures
• Hypersensitivity
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.
In controlled and uncontrolled trials (Study 1 and 2)
in patients with LEMS, 63 patients were treated with
FIRDAPSE, including 40 patients treated for more
than 6 months, and 39 patients treated for more
than 12 months. In an expanded access program,
139 patients with LEMS were treated with FIRDAPSE,
including 102 patients treated for more than 6
months, 77 patients treated for more than 12 months,
and 53 patients treated for more than 18 months.
Study 1 was a double-blind, placebo-controlled,
randomized discontinuation study in adults with
LEMS. Following an initial open-label run-in phase
(up to 90 days), patients were randomized to either
continue FIRDAPSE treatment or transition to placebo
for a 14-day double-blind phase. Following final
assessments, patients were allowed to resume

During the open-label run-in phase of Study 1,
53 patients received FIRDAPSE for an average of 81
days at an average daily dosage of 50.5 mg/day. The
average patient age was 52.1 years and 66% were
female. There were 42 patients who had no prior
exposure to FIRDAPSE at the initiation of this study.
Table 1 shows adverse reactions with an incidence
of 5% or greater occurring in the 42 LEMS patients
newly initiated on treatment with FIRDAPSE during
the run-in phase of the study.
Table 1. Adverse Reactions in ≥5% of LEMS
Patients Newly Treated with FIRDAPSE in Study 1
ADVERSE REACTION
Paresthesia*
Upper respiratory tract infection
Abdominal pain
Nausea
Diarrhea
Headache
Elevated liver enzymes**
Back pain
Hypertension
Muscle spasms
Dizziness
Asthenia
Muscular weakness
Pain in extremity
Cataract
Constipation
Bronchitis
Fall
Lymphadenopathy

FIRDAPSE
N=42
%
62
33
14
14
14
14
14
14
12
12
10
10
10
10
10
7
7
7
7

*Includes paresthesia, oral paresthesia, oral
hypoesthesia
**Includes elevated alanine aminotransferase
(ALT), aspartate aminotransferase (AST), lactate
dehydrogenase (LDH), and gamma-glutamyl
transferase (GGT)
Other Adverse Reactions
In the overall population treated in Study 1 (n=53),
including the double-blind phase and the 2-year
open-label long-term safety phase, additional
adverse reactions occurring in at least 5% of the
patients included: dyspnea, urinary tract infection,
gastroesophageal reflex, insomnia, peripheral edema,
pyrexia, viral infection, blood creatine phosphokinase
increase, depression, erythema, hypercholesterolemia,
and influenza. These patients received an average
daily dosage of 66 mg of FIRDAPSE.
DRUG INTERACTIONS
Drugs that Lower Seizure Threshold
The concomitant use of FIRDAPSE and drugs that
lower seizure threshold may lead to an increased risk
of seizures. The decision to administer FIRDAPSE
concomitantly with drugs that lower the seizure
threshold should be carefully considered in light of
the severity of the associated risks.
Drugs with Cholinergic Effects
The concomitant use of FIRDAPSE and drugs
with cholinergic effects (e.g., direct or indirect
cholinesterase inhibitors) may increase the
cholinergic effects of FIRDAPSE and of those drugs
and increase the risk of adverse reactions.
USE IN SPECIFIC POPULATIONS
Pregnancy
Pregnancy Exposure Registry
There is a pregnancy exposure registry that monitors
pregnancy outcomes in women exposed to FIRDAPSE
during pregnancy. Physicians are encouraged to
enroll pregnant patients, or pregnant women may
register themselves in the registry by calling
855-212-5856 (toll-free), using the Fax number
877-867-1874 (toll-free), by contacting the
Pregnancy Coordinating Center at
firdapsepregnancyregistry@ubc.com or by visiting the
study website at www.firdapsepregnancystudy.com.

Risk Summary
There are no data on the developmental risk
associated with the use of FIRDAPSE in pregnant
women. In animal studies, administration of
amifampridine phosphate to rats during pregnancy
and lactation resulted in developmental toxicity
(increase in stillbirths and pup deaths, reduced pup
weight, and delayed sexual development) at doses
associated with maternal plasma drug levels lower
than therapeutic drug levels (see Animal Data). 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. The background risk of major
birth defects and miscarriage for the indicated
population is unknown.
Data
Animal Data
Oral administration of amifampridine phosphate
(0, 7.5, 22.5, or 75 mg/kg/day) to female rats prior
to and during mating and continuing throughout
organogenesis produced no adverse effects on
embryofetal development. Plasma amifampridine
exposure (AUC) at the highest dose tested is
approximately 7 times that in humans at the
maximum recommended human dose (MRHD) of
80 mg amifampridine/day. Oral administration of
amifampridine phosphate (0, 9, 30, or 57 mg/kg/day)
to pregnant rabbits throughout organogenesis
produced no adverse effects on embryofetal
development. The highest dose tested is
approximately 7 times the MRHD (80 mg/day
amifampridine) on a body surface area (mg/m2) basis.

effect and tolerability. The safety, efficacy, and
pharmacokinetics of amifampridine have not been
studied in patients with end-stage renal disease
(CLcr <15 mL/min or patients requiring dialysis).
No dosage recommendation for FIRDAPSE can be
made for patients with end-stage renal disease.
Hepatic Impairment
The effects of FIRDAPSE have not been studied in
patients with hepatic impairment. FIRDAPSE is
extensively metabolized by N-acetyltransferase 2
(NAT2) and hepatic impairment may cause an
increase in exposure. Therefore, initiate FIRDAPSE
in patients with any degree of hepatic impairment
at the lowest recommended starting dosage
(15 mg/day) and monitor for adverse reactions.
Consider dosage modification or discontinuation of
FIRDAPSE for patients with hepatic impairment as
needed based on clinical effect and tolerability.
NAT2 Poor Metabolizers
Exposure of FIRDAPSE is increased in patients who
are N-acetyltransferase 2 (NAT2) poor metabolizers.
Therefore, initiate FIRDAPSE in patients who
are known NAT2 poor metabolizers at the lowest
recommended starting dosage (15 mg/day) and
monitor for adverse reactions. Consider dosage
modification of FIRDAPSE for patients who are known
NAT2 poor metabolizers as needed based on clinical
effect and tolerability.
PATIENT COUNSELING INFORMATION
Advise the patient and/or caregiver to read the
FDA-approved patient labeling (Medication Guide).
Risk of Seizures

Oral administration of amifampridine phosphate
(0, 7.5, 22.5, or 75 mg/kg/day) to female rats
throughout pregnancy and lactation resulted in an
increase in stillbirths and pup deaths, reduced pup
weight, and delayed sexual development in female
pups at the mid and high doses tested. The no-effect
dose (7.5 mg/kg/day amifampridine phosphate) for
adverse developmental effects is associated with a
plasma amifampridine exposure (AUC) less than that
in humans at the MRHD.

Inform patients that FIRDAPSE can cause seizures,
and to notify their healthcare provider if they
experience a seizure.

Lactation
Risk Summary

Instruct patients to take FIRDAPSE exactly as
prescribed. Patients should carefully follow the dose
escalation schedule provided by their healthcare
provider to safely achieve the therapeutic dosage.
Inform patients that the tablets may be divided in
half at the score, if needed. Instruct patients not to
take a double dose to make up for a missed dose.

There are no data on the presence of FIRDAPSE in
human milk, the effects on the breastfed infant, or
the effects on milk production. The developmental
and health benefits of breastfeeding should be
considered along with the mother’s clinical need
for FIRDAPSE and any potential adverse effects on
the breastfed infant from FIRDAPSE or from the
underlying maternal condition.
In lactating rat, amifampridine was excreted in milk
and reached levels similar to those in maternal plasma.
Pediatric Use
Safety and effectiveness in pediatric patients have
not been established.
Geriatric Use
Clinical studies of FIRDAPSE did not include
sufficient numbers of subjects aged 65 and over
(19 of 63 patients in Studies 1 and 2) to determine
whether they respond differently from younger
subjects. Other reported clinical experience has
not identified differences in responses between
the elderly and younger patients. In general, dose
selection for an elderly patient should be cautious,
usually starting at the low end of the dosing range,
reflecting the greater frequency of decreased hepatic,
renal, or cardiac function, and of concomitant
disease or other drug therapy.

Hypersensitivity
Instruct patients to inform their healthcare provider
if they have signs or symptoms of hypersensitivity,
and to seek emergency help if symptoms of
anaphylaxis occur.
FIRDAPSE Dosing

Drug Interactions
Instruct patients to notify their healthcare provider
prior to starting any new medication, including
over-the-counter drugs.
Pregnancy
Instruct patients that if they are pregnant or plan to
become pregnant while taking FIRDAPSE they should
inform their healthcare provider. Advise patients that
there is a pregnancy registry that monitors pregnancy
outcomes in women exposed to FIRDAPSE during
pregnancy and encourage them to enroll if they
become pregnant while taking FIRDAPSE
[see Use in Specific Populations (8.1) of full
Prescribing Information].
Storage
Advise patients to store FIRDAPSE at 68°F to 77°F
(20°C to 25°C).

Renal Impairment
Renal clearance is an elimination pathway for
amifampridine and the inactive metabolite,
3-N-acetyl amifampridine, and exposure of
amifampridine is higher in subjects with renal
impairment. Therefore, in patients with renal
impairment, FIRDAPSE should be initiated at the
lowest recommended starting dosage (15 mg/day),
and patients should be closely monitored for
adverse reactions. Consider dosage modification
or discontinuation of FIRDAPSE for patients with
renal impairment as needed based on clinical
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THE FIRST QUARTER OF 2022 is off to a roaring start as data readouts from 2021 begin
to shape a course for investigators to explore in the new year. Similar themes underscore
these new directions, as advancements in the clinical profiling of several tumor types
pushes targeted approaches to care to the forefront of practice. Taking that the data from the
abstract and translating it to the clinic represents a hurdle for the community oncologist.
However, promising real-world studies are offering some light at the end of the translational tunnel.
For example, of the 13 novel approvals from the FDA in 2021 in oncology, 4 were granted
to targeted therapies for patients with lung cancer.1 Effective integration of these treatment
strategies relies on testing for specific mutations in patients. One concern among clinicians is the increased cost surround the integration of testing in routine practice for this
patient population. Authors of a budget impact analysis evaluated the associated benefits
and costs with a 10% uptake in comprehensive genomic profiling (CGP) vs conventional testing strategies.2
“Compared with non-CGP approaches, CGP provides more information to guide treatment decisions at a modest increased cost,” the authors wrote. “Testing costs were [less
than] 1% of the total cost of care in base-case scenarios. Shifting to CGP increased the use
of targeted therapies and reduced the use of chemoimmunotherapies, affording a more efficient use of resources.” For more on these results, visit our Oncology Business Management
section of this issue.
Lung cancer is not the only field benefiting from an increased use of next-generation
sequencing. For patients with gastrointestinal cancers, Michael A. Choti, MD, MBS, FACS,
notes that circulating tumor DNA (ctDNA) has a strong future ahead for the stratification
of patients across several diseases. In our cover story, Choti, who was at the forefront of
developing a role for ctDNA not only in the diagnosis of gastrointestinal cancers but guiding treatment strategies, said that this area of research is rapidly evolving. “I think ctDNA
is going to be increasingly useful across the board,” Choti said. “It will expand not just for
diagnosis but to evaluate the response to therapy, the management of therapy, and whether
to give further treatment after surgery.”
Choti, who will serve as cochair of the 7th Annual School of Gastrointestinal Oncology ®
(SOGO ®), a 1-day multidisciplinary meeting, hosted by Physicians’ Education Resource ®,
LLC (PER®), will deliver a plenary talk on the subject. His talk will highlight existing uses
for ctDNA assays in clinical practice and the new research that may soon expand their
usage across GI cancer treatment.
For more information or to register for SOGO ®, visit bit.ly/3tUnzzS.
As always thanks for reading,
Mike Hennessy Jr
President and CEO
MJH Life Sciences™
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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].
Distributed by: AstraZeneca Pharmaceuticals LP, Wilmington, DE 19850
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MD, a cancer laboratory scientist and 2011 Pulitzer Prize
winner for The Emperor of All Maladies, discussed future
developments that are likely to occur with increasingly
sensitive blood testing strategies for the early detection and
diagnosis of malignant disease.1 Mukherjee appropriately
distinguishes how the role of early detection with liquid
biopsy will play in 2 scenarios: (a) individuals with known
cancer where the goal is to discover documented evidence of
recurrence as soon as possible; and (b) individuals without
prior knowledge of the presence of a malignancy.
Although one may argue the actual technical approach
(eg, examination for a unique molecular marker or markers to confirm the presence of cancer) may be similar in the
2 described settings, the implications for subsequent evaluation, the costs of such management, and the emotional effect
of a positive test result may be strikingly different. It is critical to emphasize that this commentary focuses on a discussion
of cancer detection employing novel strategies in the absence of
any signs (eg, abnormal imaging study) or symptoms (eg, abdominal pain) that might suggest the presence of a cancer.
Imaging studies and blood tests employed to detect earlystage cancer and recurrent disease have been the standard of
care in cancer treatment for decades. It is understandable that
patients with cancer who are in remission may seek reassurance that the disease has not recurred, whereas others without
a malignancy may desire a form of comfort that they do not
have one of the multiple types of this large group of diseases.
It would be difficult to argue with the statement that recurrence of early-stage germ cell tumors is the poster child for

the clinical utility of routine blood testing, where the availability of 2 simple tests—β-human chorionic gonadotropin
(HCG) and α fetoprotein—have made it possible to reliably
document the presence of disease progression in the absence
of signs or symptoms allowing for the initiation of effective
curative therapy on the basis of these findings. Unfortunately,
in most other settings, although it may be possible to demonstrate early recurrence based solely on results of imaging
studies or blood-based testing—for example, rising CA-125 in
patients with ovarian cancer2—it is uncertain if the natural
history of the illness and survival has been favorably influenced by somewhat speedier intervention.
It is essential to note the sophistication and costs of imaging and laboratory-based testing in recent times and that such
studies may be employed independent of any formal evaluation in controlled clinical trials as to their effect on objective
clinical outcomes, specifically, survival.
It is also relevant to acknowledge that investigative efforts
that focus solely on a population-based survival effect may
miss opportunities to provide critical justification for why
many patients desire routine, disease-specific follow-up
imaging or blood tests, such as the reassurance and peace
of mind a negative finding may provide. As a clinician who
has cared for women with ovarian cancer over a period of
several decades it is my experience that it is the rare patient
who elects to discontinue CA-125 monitoring at the completion of chemotherapy, even when informed of the data from
randomized trials that routine testing has not been demonstrated to improve survival compared with a strategy where
the blood test is obtained only in the presence of any signs

“It is understandable that patients with cancer who
are in remission may seek reassurance that the
disease has not recurred, whereas others without a
malignancy may desire a form of comfort that they
do not have one of the multiple types of this large
group of diseases.”
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or symptoms suggestive of disease recurrence (eg, abdominal discomfort or bloating). 2
At least in the case of disease recurrence, it is possible to focus on
the recognized natural history of the specific malignancy, know the
most likely metastatic sites for the primary cancer, employ imaging
and increasingly relevant molecular diagnostic strategies demonstrated
to be of value in the population of patients with the cancer, and have a
reasonably well-defined approach to subsequent disease management if
recurrent cancer is discovered.
For many individuals without a known cancer, considerable debate
continues regarding the magnitude of the benefits of specific forms of
screening, including the optimal age to begin or end the process as well as
the frequency of testing. It is reasonable to suggest that there is a general
consensus within the medical community that a number of strategies have
been documented to discover early stages of cancer or even premalignant
abnormalities where intervention can reduce cancer-related mortality.

EFFORTS TO DO NO HARM
However, in contrast to a search for recurrent cancer, in the asymptomatic individual without any evidence for the presence of a malignancy, the
potential to produce far more harm than good is a major issue, as has been
clearly documented in the multidecade, and essentially fruitless, effort
to develop an ovarian cancer screening test.3 There are several concerns
that must be confronted by a company or academic institution desiring to
develop such a screening strategy.
First, as only a small number of individuals within a large population
will be anticipated to receive a diagnosis of specific malignancy, there is
an absolute requirement for both a highly sensitive and specific test to
ensure a very low risk of either a false negative or false positive result.
One may reasonably argue that the concern for false positive results is the
more serious issue as this outcome may lead to additional costly testing,
unwarranted anxiety for patients, and invasive procedures associated with
serious morbidity or even mortality.3
At least with a false negative result, the individual will not be in a
worse position than if they had never undergone the test, except in a
situation where they have mistakenly elected to pursue the widely advertised promise of the new technology rather than undergoing the older, but
well-established approach to screening for a particular condition.
A second concern is for the risk of lead-time bias associated with any
approach to finding a cancer at what is believed to be an earlier point in its
development where therapy may be assumed to be more effective and less
aggressive. In fact, this discovery may have no effect on the actual natural history beyond what would have been achieved with a later diagnosis.
However, survival outcomes may appear to be longer simply because the
disease was discovered to be present at an earlier point in time.
Therefore, at least in the opinion of this commentator, regulatory agencies should be cautious and not approve any proposed molecularly based
cancer diagnostic screening strategy until the tool is shown to effect
cancer-specific survival compared with a control population not undergoing such testing. Unfortunately, it is not difficult to suggest the potential
for serious harm rather than clinical benefit in the absence of definitive
comparative trials. ■
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Trastuzumab Deruxtecan Undergoes Evaluation for Select HER2+ Metastatic Breast Cancer
The FDA has granted priority review to the supplemental biologics license
application of fam-trastuzumab deruxtecan-nxki (Enhertu) for the treatment of adult patients with unresectable or metastatic HER2-positive
breast cancer who have received a prior anti–HER2-based regimen.
The decision is based on findings from the phase 3 DESTINY-Breast03
trial (NCT03529110), in which the blinded independent central review–
assessed median progression-free survival (PFS) with trastuzumab
deruxtecan (n = 261) had not yet been reached (95% CI, 18.5–not
evaluable [NE]) vs 6.8 months (95% CI, 5.6-8.2) with ado-trastuzumab
emtansine (T-DM1; Kadcyla; n = 263). This translated to a 72%

reduction in the risk of disease progression or death (HR, 0.28; 95% CI,
0.22-0.37; P = 7.8 x 10-22). The 12-month PFS rates in the investigative
and control arms were 75.8% (95% CI, 69.8%-80.7%) vs 34.1% (95% CI,
27.7%-40.5%), respectively.
The median overall survival (OS) was NE in both treatment arms (HR,
0.56; 95% CI, 0.36-0.86; P = .007172). The 12-month OS rate with trastuzumab deruxtecan was 94.1% (95% CI, 90.3%-96.4%) vs 85.9% (95% CI,
80.9%-89.7%) with T-DM1.
TO READ MORE, VISIT bit.ly/3fAbAPx.

Luspatercept Goes Under Consideration for Nontransfusion-Dependent β-Thalassemia
The FDA has granted priority review to the supplemental biologics
license application for luspatercept-aamt (Reblozyl) for the treatment
of adult patients with anemia with nontransfusion-dependent β-thalassemia. The regulatory agency is expected to decide on the application by
March 27, 2022.
The application was supported by efficacy data yielded from the phase
2 BEYOND trial (NCT03342404; EudraCT 2015-003225-33). Results
showed that patients who received luspatercept achieved a 77.1%
mean hemoglobin (Hb) increase of 1.0 g/dL or higher from baseline

over a continuous 12-week interval in the absence of red blood cell
transfusions (n = 96) vs 0% with placebo (n = 49). Notably, beyond the
significant improvement in the overall population (n = 145; P < .0001),
the benefit with the drug was also observed irrespective of mean Hb
level at baseline.
The European Medicines Agency has also validated the type II variation
for the agent’s use in the same indication.
TO READ MORE, VISIT bit.ly/3rxto3x.

CYNK-101 Combination Gains Ground for HER2+ Gastric/GEJ Cancers
The FDA has granted a fast track designation to CYNK-101 in combination with standard frontline chemotherapy, trastuzumab (Herceptin),
and pembrolizumab (Keytruda) for patients with advanced HER2-positive
gastric or gastroesophageal junction (GEJ) adenocarcinoma. This is the
first fast track designation for the genetically modified natural killer
(NK)-cell therapy and the third for the developer Celularity.
CYNK-101 is manufactured from human placental hematopoietic stem
cells, which are genetically modified to express a high-affinity and cleavage-resistant CD16 variant (FCGRIIIA). In addition to innate NK-cell
functions, the therapy is meant to support antibody-dependent cellular

cytotoxicity when used in combination with other tumor-targeted monoclonal antibodies—in this case, HER2-targeted trastuzumab.
Celularity received approval for an investigational new drug application
for the allogeneic NK-cell therapy in November 2021. A phase 1/2a
study is currently being planned to assess the addition of CYNK-101
to the triplet combination after initial cytoreduction. The goal with
adding CYNK-101 to standard therapy is to improve the depth and
duration of response.
TO READ MORE, VISIT bit.ly/33mLhtT.

RM-1995 Moves Forward With IND for Advanced Cutaneous, Head and Neck SCC
The FDA has accepted an investigational new drug (IND) application for RM-1995 as a photoimmunotherapy treatment for patients
with advanced cutaneous squamous cell carcinoma (SCC) or
head and neck SCC.
RM-1995 is a conjugate of a photoactivatable dye (IRDye 700DX
[IR700]) and a monoclonal antibody with specificity for cell-surface
IL-2Rα chain (CD25). The device component of the treatment is the
PIT690 Laser System, which is used to activate IR700 by illumination with 690-nm nonthermal red light. This photoimmunotherapy
was designed by Rakuten Medical to specifically kill CD25-positive
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regulatory T cells within solid tumors once illuminated with the 690-nm
nonthermal red light.
Preclinical data suggest that RM-1995 photoimmunotherapy
treatment can be leveraged to specifically deplete intratumoral CD25positive regulatory T cells to alleviate local restraint within the tumor
microenvironment. This can improve the ratio of the CD8 T cells to CD25positive regulatory T cells while reinvigorating effector CD8-positive
T-cell responses.
TO READ MORE, VISIT bit.ly/3KpDYST.

FOR MORE VISIT:
onclive.com/pipeline-report
or scan the QR code

Alpha DaRT Elicits Complete
Responses in Malignant Skin and
Soft Tissue Cancers
The diffusing α-emitter radiation therapy, Alpha
DaRT, was found to elicit complete responses
(CRs) per RECIST v1.1 criteria in 10 patients with
malignant skin and soft tissue cancers who are enrolled to an
ongoing single-institution pilot feasibility trial (NCT04377360).
The trial has met its primary feasibility end point, as all
patients enrolled to the trial have successfully received the
radiation treatment. At approximately 12 weeks, 10 treated
tumors responded to the approach without any treatmentrelated serious adverse effects observed.
The product was designed to permit highly potent and
conformal α-irradiation of solid tumors through the intratumoral delivery of radium-224 impregnated sources. When the
radium decays, its short-lived daughters are discharged from
the source and diffuse as they release high-energy α particles that serve to eliminate the tumor. Because the α-emitting
atoms spread only a short distance, the radiation is believed to
mainly affect the cancer and spare healthy surrounding tissue.
Based on these data, Alpha Tau Medical Ltd plans to
launch a multicenter pivotal trial for patients with skin
cancer in 2022.
TO READ MORE, VISIT bit.ly/3qLDKNT.

Early Clinical Benefit Seen With
ADXS-503 Plus Pembrolizumab
in NSCLC
Findings from a cohort of patients with non–
small cell lung cancer (NSCLC) with confirmed
disease progression following single-agent pembrolizumab (Keytruda) enrolled in a phase 1/2 trial (NCT03847519),
showed that the addition of ADXS-503 resulted in encouraging
responses and durable disease control. The combination also
showed activity in those with newly diagnosed disease.
An off-the-shelf, attenuated Listeria monocytogenes–based
immunotherapy, ADXS-503, was designed to produce potent
T-cell responses against 22 tumor antigens that are frequently
found in NSCLC, including 11 hotspot mutations and 11
tumor-associated antigens.
Findings from part B of the trial showed that among 13 evaluable patients, the combination elicited an overall response
rate of 15.4% and a disease control rate (DCR) of 46%.
Moreover, 2 partial responses were noted to continue for 702
and 189 days, respectively, underscoring the durability of the
clinical benefit achieved with the regimen. Three patients had
stable disease (SD) with the doublet, and this was sustained
for 448, 175, and 117 days, respectively. An additional patient
with SD is still under assessment.
Early data from part C of the study showed that among 3
evaluable patients with newly diagnosed NSCLC who received
the combination, the DCR to date was 67%. Two patients
sustained SD for 332 and 94 days, respectively.
Investigators are currently enrolling the efficacy expansion in part B for up to 18 patients to receive ADXS-503 at 1 x
108 CFU plus pembrolizumab at 200 mg with the potential to
proceed to ADXS-503 at a dose of 5 x 108 CFU.

Pipeline Report
Devimistat Plus
Hydroxychloroquine Shows
Promise in Clear Cell Sarcoma
Devimistat (CPI-613), developed to target the
enzymes that are involved in cancer cell energy
metabolism and are located within the mitochondria
of cancer cells, is under investigation in the ongoing phase
1/2 APOLLO 613 trial (NCT04593758).
In data from the dose-escalation portion of the trial, no
dose-limiting toxicities (DLTs) were reported among the first
cohort of patients with relapsed clear cell sarcoma who
received the combination of devimistat and hydroxychloroquine.
Participants received hydroxychloroquine at a dose of 2.5 mg/kg
followed by 1000 mg/m2 of devimistat. Twelve hours after the
first dose, a daily dose of 2.5 mg/kg of hydroxychloroquine was
given on days 1 through 5 of each 28-day cycle.
Devimistat targets the tricarboxylic acid cycle, which is
a critical process for tumor cell multiplication and survival
or selectively in cancer cells and is specifically designed to
increase sensitivity of cancer cells to a wide range of chemotherapy drugs. That synergy allows for the agent to potentially
be combined with other drugs at lower doses to boost efficacy and reduce adverse effects. The phase 1 portion of
the trial includes those with relapsed or refractory clear cell
sarcoma, other fusion-positive relapsed or refractory sarcoma,
and those with Ewing sarcoma. The phase 2 portion will enroll
patients with relapsed or refractory clear cell sarcoma.
TO READ MORE, VISIT bit.ly/3KpJ4P3.

CA-4948 Shows Early Activity
in Relapsed/Refractory AML,
High-Risk MDS
CA-4948 monotherapy was found to have
preliminary activity with acceptable safety and
tolerability in patients with relapsed or refractory
acute myeloid leukemia (AML) or high-risk myelodysplastic
syndromes (MDS), according to updated data from an ongoing
phase 1/2 trial (NCT04278768). Participants were administered CA-4948 at 1 of the following dose levels, twice daily:
200 mg, 300 mg, 400 mg, and 500 mg.
Among 5 patients with U2AF1 or SF3B1 spliceosomemutated, relapsed/refractory AML, the agent was found to
produce a complete response (CR) or CR with partial hematologic recovery (CRh) rate of 40%. Notably, both patients who
achieved CR/CRh have remained on the study for longer than 6
months and achieved minimal residual disease negativity status.
Moreover, 3 patients with elevated blast counts experienced a
50% or higher tumor burden reduction in their counts.
The objective response rate was 57% for 7 patients with
U2AF1 or SF3B1 spliceosome-mutated, relapsed/refractory MDS. One of these patients who achieved a marrow CR
underwent stem cell transplant following cycle 1 of treatment. Four patients experienced a 50% or greater reduction in
their blast counts.
Among 3 patients with FLT3-mutated, relapsed/refractory
AML, the agent elicited a CR rate of 33%, with 2 patients showcasing eradication of the mutation after treatment.
TO READ MORE, VISIT bit.ly/3qJjMU8.

TO READ MORE, VISIT bit.ly/3IltF0a.
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SET OUT TOWARDS A FUTURE

THE ONLY APPROVED
1
DUAL I-O MAY DELIVER *
OPDIVO® + YERVOY®
For PD-L1 ≥1% mNSCLC patients, across histology without EGFR or ALK mutations
OPDIVO, in combination with YERVOY, is indicated for the first-line treatment of adult patients
with metastatic non-small cell lung cancer (NSCLC) whose tumors express PD-L1 ≥1% as
determined by an FDA-approved test, with no EGFR or ALK genomic tumor aberrations.
Primary analysis (PD-L1 ≥1%): median OS was 17.1 months (95% CI: 15.0–20.1) with OPDIVO + YERVOY
vs 14.9 months (95% CI: 12.7–16.7) with chemo (HR=0.79; 95% CI: 0.67–0.94; P=0.0066).1

OPDIVO + YERVOY with limited chemo
For r/m NSCLC patients, regardless of PD-L1 expression and histology

WITH LIMITED CHEMO
(2 cycles of platinum-doublet chemo)

OPDIVO, in combination with YERVOY and 2 cycles of platinum-doublet chemotherapy, is
indicated for the first-line treatment of adult patients with metastatic or recurrent NSCLC,
with no EGFR or ALK genomic tumor aberrations.
Primary analysis: median OS was 14.1 months (95% CI: 13.2–16.2) with OPDIVO + YERVOY and
chemo vs 10.7 months (95% CI: 9.5–12.5) with chemo (HR=0.69; 96.71% CI: 0.55–0.87; P=0.0006).1

OPDIVO (10 mg/mL) and YERVOY (5 mg/mL) are injections for intravenous use.1,2
Study design: Checkmate 227 was a randomized, open-label phase 3 trial in patients with metastatic or recurrent NSCLC. Key eligibility criteria included patients
18 years or older, stage IV or recurrent NSCLC, ECOG PS 0/1, and no prior systemic anticancer therapy. Patients with known EGFR mutations or ALK translocations
sensitive to available targeted inhibitor therapy, untreated brain metastases, carcinomatous meningitis, active autoimmune disease, or medical conditions requiring
systemic immunosuppression were excluded from the study. Treatment continued until disease progression, unacceptable toxicity, or for up to 24 months. Tumor
specimens were evaluated prospectively using the PD-L1 IHC 28-8 pharmDx assay at a central laboratory. In Part 1a (n=793), patients with PD-L1 ≥1% were randomized
to either OPDIVO 3 mg/kg q2w + YERVOY 1 mg/kg q6w (n=396) or platinum-doublet chemotherapy† (n=397). The primary endpoint in Part 1a was OS in patients with
PD-L1 ≥1%. Pre-specified descriptive efficacy outcome measures included PFS, ORR, and DOR.1

*Vs chemo. In Checkmate 227, patients received platinum-doublet chemo q3w; NSQ: pemetrexed + carboplatin or cisplatin; SQ: gemcitabine + carboplatin or cisplatin.
In Checkmate 9LA, patients received platinum-doublet chemo q3w; NSQ: pemetrexed + carboplatin or cisplatin; SQ: paclitaxel + carboplatin.1
†
In Checkmate 227, patients in the comparator arm received up to 4 cycles of platinum-doublet chemo q3w; NSQ: pemetrexed + carboplatin or cisplatin, with optional
pemetrexed maintenance following chemo; SQ: gemcitabine + carboplatin or cisplatin.1,3

SELECT IMPORTANT SAFETY INFORMATION
Summary of Warnings and Precautions
OPDIVO and YERVOY are associated with the following Warnings and Precautions: severe and fatal immune-mediated adverse reactions including pneumonitis,
colitis, hepatitis and hepatotoxicity, endocrinopathies, nephritis with renal dysfunction, dermatologic adverse reactions, other immune-mediated adverse reactions;
infusion-related reactions; complications of allogeneic hematopoietic stem cell transplantation (HSCT); embryo-fetal toxicity; and increased mortality in patients with
multiple myeloma when OPDIVO is added to a thalidomide analogue and dexamethasone, which is not recommended outside of controlled clinical trials.
Severe and Fatal Immune-Mediated Adverse Reactions
Immune-mediated adverse reactions listed herein may not include all possible severe and fatal immune-mediated adverse reactions.
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OPDIVO + YERVOY EFFICACY: OS

Checkmate 227: In a cross-histology trial for patients with mNSCLC (PD-L1 ≥1%)

Durable survival with OPDIVO + YERVOY: 29% of patients alive at 4 years4*
OS for PD-L1 ≥1% (extended follow-up analysis)1,3,5
Median OS
Primary analysis (minimum follow-up 29.3 months)
17.1 mos (95% CI: 15.0–20.1)
OPDIVO + YERVOY (n=396)
Chemo (n=397)
14.9 mos (95% CI: 12.7–16.7)
HR=0.79 (95% CI: 0.67–0.94; P=0.0066)

Overall survival (%)
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Median PFS with a median follow-up of 54.8 months was 5.1 months (95% CI: 4.1–6.3) with OPDIVO + YERVOY and 5.6 months (95% CI: 4.6–5.8) with
chemo alone; HR=0.81; 95% CI: 0.68–0.964†
29% of patients enrolled had SQ disease; 71% had NSQ disease1

mDOR was 23.2 months among OPDIVO + YERVOY responders4†
ORR: 36% (144/396, 95% CI: 32–41), CR=5.8%, with OPDIVO + YERVOY
and 30% (120/397, 95% CI: 26–35), CR=1.8%, with chemo1,3,6

mDOR was 6.7 months (95% CI: 5.6–7.6) with chemo
in the extended follow-up analysis4

mDOR was 23.2 months (95% CI: 15.5–33.9) with OPDIVO + YERVOY in
the extended follow-up analysis4

Median follow-up of 54.8 months4

*Vs chemo. In Checkmate 227, patients in the comparator arm received up to 4 cycles of platinum-doublet chemo q3w; NSQ: pemetrexed + carboplatin or cisplatin, with
optional pemetrexed maintenance following chemo; SQ: gemcitabine + carboplatin or cisplatin.1,3
†
In Checkmate 227 Part 1a, PFS, ORR, and DOR were pre-specified descriptive analyses. The primary efficacy outcome measure was OS.1,3
ALK=anaplastic lymphoma kinase; CI=confidence interval; CR=complete response; DOR=duration of response; ECOG PS=Eastern Cooperative Oncology Group Performance Status;
EGFR=epidermal growth factor receptor; HR=hazard ratio; IHC=immunohistochemistry; I-O=immuno-oncology; mDOR=median DOR; mNSCLC=metastatic NSCLC; mo=month;
NSQ=non-squamous; ORR=overall response rate; OS=overall survival; PD-L1=programmed death ligand 1; PFS=progression-free survival; PR=partial response; q2w=every 2 weeks;
q3w=every 3 weeks; q6w=every 6 weeks; r/m=recurrent or metastatic; SQ=squamous.

SELECT IMPORTANT SAFETY INFORMATION
Serious Adverse Reactions
In Checkmate 227, serious adverse reactions occurred in 58% of patients (n=576). The most frequent (≥2%) serious adverse reactions were pneumonia,
diarrhea/colitis, pneumonitis, hepatitis, pulmonary embolism, adrenal insufficiency, and hypophysitis. Fatal adverse reactions occurred in 1.7% of patients;
these included events of pneumonitis (4 patients), myocarditis, acute kidney injury, shock, hyperglycemia, multi-system organ failure, and renal failure.
Common Adverse Reactions
In Checkmate 227, the most common (≥20%) adverse reactions were fatigue (44%), rash (34%), decreased appetite (31%), musculoskeletal pain (27%),
diarrhea/colitis (26%), dyspnea (26%), cough (23%), hepatitis (21%), nausea (21%), and pruritus (21%).

Please see additional Important Safety Information for OPDIVO and YERVOY throughout and accompanying brief summary of
US Full Prescribing Information for OPDIVO and YERVOY on the following pages.
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OPDIVO + YERVOY with limited chemo EFFICACY: OS

Checkmate 9LA: For r/m NSCLC patients, regardless of PD-L1 expression and histology

Durable survival with OPDIVO® (nivolumab) + YERVOY® (ipilimumab) with
limited chemo* vs chemo: 38% of ITT patients alive at 2 years1,7†
Overall survival (ITT)1,7
Median OS
Initial pre-specified interim analysis (minimum follow-up 8.1 months)
14.1 mos (95% CI: 13.2–16.2)
OPDIVO + YERVOY (n=361)
Chemo (n=358)
10.7 mos (95% CI: 9.5–12.5)
HR=0.69 (96.71% CI: 0.55–0.87; P=0.0006)
Extended follow-up analysis (minimum follow-up 24.4 months)
HR=0.72 (95% CI: 0.61–0.86)
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Minimum follow-up of 24.4 months.7
Efficacy results from the pre-specified interim analysis when 351 events were observed (87% of the planned number of events for final analysis) with an
8.1-month minimum follow-up1,8
Median PFS at the 23.3-month minimum follow-up: 6.7 months (95% CI: 5.6–7.8) with OPDIVO + YERVOY with chemo and 5.3 months (95% CI: 4.4–5.6)
with chemo alone; HR=0.67 (95% CI: 0.56–0.79)7
ORR at the 6.5-month minimum follow-up: 38% (95% Cl: 33–43) with OPDIVO + YERVOY with chemo and 25% (95% Cl: 21–30) with chemo1,8
Median OS at the 24.4-month follow-up analysis: 15.8 months (95% CI: 13.9–19.7) with OPDIVO + YERVOY with chemo and 11.0 months (95% CI: 9.5–12.7)
with chemo; HR=0.72 (95% CI: 0.61–0.86)7
32% of patients enrolled had SQ disease; 68% had NSQ disease1

Study design: Checkmate 9LA was a randomized (1:1), open-label phase 3 study of OPDIVO 360 mg q3w in combination with YERVOY 1 mg/kg q6w and 2 cycles
of histology-based chemotherapy‡ versus 4 cycles of platinum-doublet chemotherapy‡ as a first-line treatment in patients with metastatic or recurrent NSCLC,
regardless of histology or PD-L1 status. Key eligibility criteria included patients 18 years or older, stage IV or recurrent NSCLC, ECOG PS 0/1 and no prior systemic
anticancer therapy. Patients with known EGFR mutations or ALK translocations sensitive to available targeted inhibitor therapy, untreated brain metastases,
carcinomatous meningitis, active autoimmune disease, or medical conditions requiring systemic immunosuppression were excluded from the study. Treatment
continued until disease progression, unacceptable toxicity, or for up to 2 years. Patients were stratified by histology (SQ vs NSQ), PD-L1 (<1% vs ≥1%), and sex. The
primary endpoint was OS. Additional efficacy outcome measures were PFS, ORR, and DOR.1
*Two cycles of platinum-doublet chemo.1
†
In the intent-to-treat population vs chemo. In Checkmate 9LA, patients received 2 cycles of platinum-doublet chemo q3w in the experimental arm, and 4 cycles in the
comparator arm; NSQ: pemetrexed + carboplatin or cisplatin (optional pemetrexed maintenance therapy in comparator arm only); SQ: paclitaxel + carboplatin.1
‡
In Checkmate 9LA, patients in the comparator arm received 4 cycles of platinum-doublet chemo q3w; NSQ: pemetrexed + carboplatin or cisplatin (optional pemetrexed
maintenance therapy in the comparator arm only); SQ: paclitaxel + carboplatin.1

SELECT IMPORTANT SAFETY INFORMATION
Serious Adverse Reactions
In Checkmate 9LA, serious adverse reactions occurred in 57% of patients (n=358). The most frequent (>2%) serious adverse reactions were pneumonia, diarrhea,
febrile neutropenia, anemia, acute kidney injury, musculoskeletal pain, dyspnea, pneumonitis, and respiratory failure. Fatal adverse reactions occurred in 7 (2%) patients,
and included hepatic toxicity, acute renal failure, sepsis, pneumonitis, diarrhea with hypokalemia, and massive hemoptysis in the setting of thrombocytopenia.
Common Adverse Reactions
In Checkmate 9LA, the most common (>20%) adverse reactions were fatigue (49%), musculoskeletal pain (39%), nausea (32%), diarrhea (31%), rash (30%),
decreased appetite (28%), constipation (21%), and pruritus (21%).
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OPDIVO + YERVOY with limited chemo EFFICACY: OS

Checkmate 9LA: For r/m NSCLC patients, regardless of PD-L1 expression and histology

Consistent OS benefit across PD-L1 expression at 2 years7,8
OPDIVO + YERVOY with limited chemo* (extended follow-up analysis)
Median OS
Initial pre-specified interim analysis (minimum follow-up 8.1 months)
14.0 mos (95% CI: 13.2–NR)
OPDIVO + YERVOY + chemo (n=135)
10.0 mos (95% CI: 7.7–13.7)
Chemo (n=129)
HR=0.65 (95% CI: 0.46–0.92)
100
Minimum follow-up of 24.4 months
HR=0.67 (95% CI: 0.51–0.88)
80

Median OS
Initial pre-specified interim analysis (minimum follow-up 8.1 months)
14.2 mos (95% CI: 13.1–NR)
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Chemo (n=204)
10.6 mos (95% CI: 9.4–12.6)
HR=0.67 (95% CI: 0.51–0.89)
100
Minimum follow-up of 24.4 months
HR=0.70 (95% CI: 0.56–0.89)
80
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Minimum follow-up of 24.4 months.7
Limitation: Checkmate 9LA was not powered to detect differences in the treatment effect in PD-L1 subgroups; therefore, results from
this exploratory analysis should be interpreted with caution because of the limited patient numbers and potential imbalances in baseline
characteristics within the subgroup.
Primary analysis in the ITT population at the 8.1-month minimum follow-up: median OS was 14.1 months (95% CI: 13.2–16.2) with
OPDIVO + YERVOY with chemo vs 10.7 months (95% CI: 9.5–12.5) with chemo alone; HR=0.69 (96.71% CI: 0.55–0.87); P=0.00061,8
At the 24.4-month minimum follow-up, median OS for PD-L1 <1% was 17.7 months (95% CI: 13.7–20.3) with OPDIVO + YERVOY with
limited chemo and 9.8 months (95% CI: 7.7–13.5) with chemo; HR=0.67 (95% CI: 0.51–0.88)7
At the 24.4-month minimum follow-up, median OS for PD-L1 ≥1% was 15.8 months (95% CI: 13.8–22.2) with OPDIVO + YERVOY with
limited chemo and 10.9 months (95% CI: 9.5–13.2) with chemo; HR=0.70 (95% CI: 0.56–0.89)7
*Two cycles of platinum-doublet chemo.1
ITT=intent to treat.

SELECT IMPORTANT SAFETY INFORMATION
Severe and Fatal Immune-Mediated Adverse Reactions (cont’d)
Immune-mediated adverse reactions, which may be severe or fatal, can occur in any organ system or tissue. While immune-mediated adverse
reactions usually manifest during treatment, they can also occur after discontinuation of OPDIVO or YERVOY. Early identification and management
are essential to ensure safe use of OPDIVO and YERVOY. Monitor for signs and symptoms that may be clinical manifestations of underlying immunemediated adverse reactions. Evaluate clinical chemistries including liver enzymes, creatinine, adrenocorticotropic hormone (ACTH) level, and thyroid
function at baseline and periodically during treatment with OPDIVO and before each dose of YERVOY. In cases of suspected immune-mediated adverse
reactions, initiate appropriate workup to exclude alternative etiologies, including infection. Institute medical management promptly, including specialty
consultation as appropriate.
Withhold or permanently discontinue OPDIVO and YERVOY depending on severity (please see section 2 Dosage and Administration in the accompanying
Full Prescribing Information). In general, if OPDIVO or YERVOY interruption or discontinuation is required, administer systemic corticosteroid therapy
(1 to 2 mg/kg/day prednisone or equivalent) until improvement to Grade 1 or less. Upon improvement to Grade 1 or less, initiate corticosteroid taper and
continue to taper over at least 1 month. Consider administration of other systemic immunosuppressants in patients whose immune-mediated adverse
reactions are not controlled with corticosteroid therapy. Toxicity management guidelines for adverse reactions that do not necessarily require systemic
steroids (e.g., endocrinopathies and dermatologic reactions) are discussed below.

Please see additional Important Safety Information for OPDIVO and YERVOY throughout
and accompanying brief summary of US Full Prescribing Information for OPDIVO and YERVOY
on the following pages.
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Nivolumab (OPDIVO®) + ipilimumab (YERVOY®)–based combinations:
National Comprehensive Cancer Network® (NCCN®) recommendations9
Nivolumab (OPDIVO) + ipilimumab (YERVOY) and nivolumab (OPDIVO) + ipilimumab (YERVOY) + platinumdoublet chemotherapy* are recommended as first-line options in metastatic non-small cell lung cancer9
Nivolumab (OPDIVO) + ipilimumab (YERVOY)
PD-L1 ≥1%

NCCN
CATEGORY

1

Useful in certain circumstances

Nivolumab (OPDIVO) + ipilimumab (YERVOY)
with platinum-doublet chemotherapy†
PD-L1 <1% and PD-L1 ≥1%

NCCN
CATEGORY

1

Other recommended

Nivolumab (OPDIVO) + ipilimumab (YERVOY) is recommended as a Category 1, useful in certain circumstances, first-line therapy option for eligible
patients with metastatic NSCLC with PD-L1 ≥1% and performance status 0–2 (V5.2021), in tumors that are EGFR, ALK, ROS1, BRAF V600E, NTRK1/2/3,
METex14, and RET negative, and no contraindications to PD-1 or PD-L1 inhibitors9
Nivolumab (OPDIVO) + ipilimumab (YERVOY) + platinum-doublet chemotherapy* is recommended as a Category 1, other recommended first-line therapy
option for eligible patients with metastatic NSCLC regardless of PD-L1 expression and performance status 0–1 (PD-L1 <1%) or 0–2 (PD-L1 ≥1%) (V5.2021),
in tumors that are EGFR, ALK, ROS1, BRAF V600E, NTRK1/2/3, METex14, and RET negative, and no contraindications to PD-1 or PD-L1 inhibitors9
Please see updated NCCN Guidelines® for a complete listing of all NCCN-recommended agents, including preferred options. NCCN makes no
warranties of any kind whatsoever regarding their content, use or application and disclaims any responsibility for their application or use in any way.

Scan QR code to
visit website

*Histology-based chemotherapy; NSQ: pemetrexed + (carboplatin or cisplatin); SQ: paclitaxel + carboplatin.1
PD-1=programmed death receptor-1.

SELECT IMPORTANT SAFETY INFORMATION
Severe and Fatal Immune-Mediated Adverse Reactions
Immune-Mediated Pneumonitis
OPDIVO and YERVOY can cause immune-mediated pneumonitis. The incidence of pneumonitis is higher in patients who have received prior thoracic radiation. In
NSCLC patients receiving OPDIVO 3 mg/kg every 2 weeks with YERVOY 1 mg/kg every 6 weeks, immune-mediated pneumonitis occurred in 9% (50/576) of patients,
including Grade 4 (0.5%), Grade 3 (3.5%), and Grade 2 (4.0%). Four patients (0.7%) died due to pneumonitis.
Immune-Mediated Colitis
OPDIVO and YERVOY can cause immune-mediated colitis, which may be fatal. A common symptom included in the definition of colitis was diarrhea.
Cytomegalovirus (CMV) infection/reactivation has been reported in patients with corticosteroid-refractory immune-mediated colitis. In cases of
corticosteroid-refractory colitis, consider repeating infectious workup to exclude alternative etiologies.
Immune-Mediated Hepatitis and Hepatotoxicity
OPDIVO and YERVOY can cause immune-mediated hepatitis.
Immune-Mediated Endocrinopathies
OPDIVO and YERVOY can cause primary or secondary adrenal insufficiency, immune-mediated hypophysitis, immune-mediated thyroid disorders, and
Type 1 diabetes mellitus, which can present with diabetic ketoacidosis. Withhold OPDIVO and YERVOY depending on severity (please see section 2 Dosage and
Administration in the accompanying Full Prescribing Information). For Grade 2 or higher adrenal insufficiency, initiate symptomatic treatment, including hormone
replacement as clinically indicated. Hypophysitis can present with acute symptoms associated with mass effect such as headache, photophobia, or visual field
defects. Hypophysitis can cause hypopituitarism; initiate hormone replacement as clinically indicated. Thyroiditis can present with or without endocrinopathy.
Hypothyroidism can follow hyperthyroidism; initiate hormone replacement or medical management as clinically indicated. Monitor patients for hyperglycemia or
other signs and symptoms of diabetes; initiate treatment with insulin as clinically indicated.
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SELECT IMPORTANT SAFETY INFORMATION
Severe and Fatal Immune-Mediated Adverse Reactions
Immune-Mediated Nephritis with Renal Dysfunction
OPDIVO and YERVOY can cause immune-mediated nephritis.
Immune-Mediated Dermatologic Adverse Reactions
OPDIVO can cause immune-mediated rash or dermatitis. Exfoliative dermatitis,
including Stevens-Johnson syndrome (SJS), toxic epidermal necrolysis (TEN), and drug
rash with eosinophilia and systemic symptoms (DRESS) has occurred with PD-1/PD-L1
blocking antibodies. Topical emollients and/or topical corticosteroids may be adequate
to treat mild to moderate nonexfoliative rashes.
YERVOY can cause immune-mediated rash or dermatitis, including bullous and
exfoliative dermatitis, SJS, TEN, and DRESS. Topical emollients and/or topical
corticosteroids may be adequate to treat mild to moderate
non-bullous/exfoliative rashes.
Withhold or permanently discontinue OPDIVO and YERVOY depending on severity
(please see section 2 Dosage and Administration in the accompanying Full
Prescribing Information).
Other Immune-Mediated Adverse Reactions
The following clinically significant immune-mediated adverse reactions occurred
at an incidence of <1% (unless otherwise noted) in patients who received OPDIVO
monotherapy or OPDIVO in combination with YERVOY or were reported with
the use of other PD-1/PD-L1 blocking antibodies. Severe or fatal cases have been
reported for some of these adverse reactions: cardiac/vascular: myocarditis,
pericarditis, vasculitis; nervous system: meningitis, encephalitis, myelitis
and demyelination, myasthenic syndrome/myasthenia gravis (including
exacerbation), Guillain-Barré syndrome, nerve paresis, autoimmune neuropathy;
ocular: uveitis, iritis, and other ocular inflammatory toxicities can occur;
gastrointestinal: pancreatitis to include increases in serum amylase and lipase
levels, gastritis, duodenitis; musculoskeletal and connective tissue: myositis/
polymyositis, rhabdomyolysis, and associated sequelae including renal failure,
arthritis, polymyalgia rheumatica; endocrine: hypoparathyroidism; other
(hematologic/immune): hemolytic anemia, aplastic anemia, hemophagocytic
lymphohistiocytosis (HLH), systemic inflammatory response syndrome,
histiocytic necrotizing lymphadenitis (Kikuchi lymphadenitis), sarcoidosis,
immune thrombocytopenic purpura, solid organ transplant rejection.
In addition to the immune-mediated adverse reactions listed above, across clinical
trials of YERVOY monotherapy or in combination with OPDIVO, the following
clinically significant immune-mediated adverse reactions, some with fatal
outcome, occurred in <1% of patients unless otherwise specified: nervous system:
autoimmune neuropathy (2%), myasthenic syndrome/myasthenia gravis, motor
dysfunction; cardiovascular: angiopathy, temporal arteritis; ocular: blepharitis,
episcleritis, orbital myositis, scleritis; gastrointestinal: pancreatitis (1.3%); other
(hematologic/immune): conjunctivitis, cytopenias (2.5%), eosinophilia (2.1%),
erythema multiforme, hypersensitivity vasculitis, neurosensory hypoacusis,
psoriasis.
Some ocular IMAR cases can be associated with retinal detachment. Various
grades of visual impairment, including blindness, can occur. If uveitis occurs
in combination with other immune-mediated adverse reactions, consider a
Vogt-Koyanagi-Harada–like syndrome, which has been observed in patients
receiving OPDIVO and YERVOY, as this may require treatment with systemic
corticosteroids to reduce the risk of permanent vision loss.
Infusion-Related Reactions
OPDIVO and YERVOY can cause severe infusion-related reactions. Discontinue
OPDIVO and YERVOY in patients with severe (Grade 3) or life-threatening
(Grade 4) infusion-related reactions. Interrupt or slow the rate of infusion in
patients with mild (Grade 1) or moderate (Grade 2) infusion-related reactions.

Complications of Allogeneic Hematopoietic Stem Cell Transplantation
Fatal and other serious complications can occur in patients who receive allogeneic
hematopoietic stem cell transplantation (HSCT) before or after being treated with
OPDIVO or YERVOY. Transplant-related complications include hyperacute
graft-versus-host-disease (GVHD), acute GVHD, chronic GVHD, hepatic veno-occlusive
disease (VOD) after reduced intensity conditioning, and steroid-requiring febrile
syndrome (without an identified infectious cause). These complications may occur
despite intervening therapy between OPDIVO or YERVOY and allogeneic HSCT.
Follow patients closely for evidence of transplant-related complications and intervene
promptly. Consider the benefit versus risks of treatment with OPDIVO and YERVOY
prior to or after an allogeneic HSCT.
Embryo-Fetal Toxicity
Based on its mechanism of action and findings from animal studies, OPDIVO and
YERVOY can cause fetal harm when administered to a pregnant woman. The
effects of YERVOY are likely to be greater during the second and third trimesters of
pregnancy. Advise pregnant women of the potential risk to a fetus. Advise females of
reproductive potential to use effective contraception during treatment with OPDIVO
and YERVOY and for at least 5 months after the last dose.
Increased Mortality in Patients with Multiple Myeloma when OPDIVO is Added to a
Thalidomide Analogue and Dexamethasone
In randomized clinical trials in patients with multiple myeloma, the addition of
OPDIVO to a thalidomide analogue plus dexamethasone resulted in increased
mortality. Treatment of patients with multiple myeloma with a PD-1 or PD-L1 blocking
antibody in combination with a thalidomide analogue plus dexamethasone is not
recommended outside of controlled clinical trials.
Lactation
There are no data on the presence of OPDIVO or YERVOY in human milk, the effects
on the breastfed child, or the effects on milk production. Because of the potential for
serious adverse reactions in breastfed children, advise women not to breastfeed during
treatment and for 5 months after the last dose.
Serious Adverse Reactions
In Checkmate 227, serious adverse reactions occurred in 58% of patients (n=576). The
most frequent (≥2%) serious adverse reactions were pneumonia, diarrhea/colitis,
pneumonitis, hepatitis, pulmonary embolism, adrenal insufficiency, and hypophysitis.
Fatal adverse reactions occurred in 1.7% of patients; these included events of
pneumonitis (4 patients), myocarditis, acute kidney injury, shock, hyperglycemia,
multi-system organ failure, and renal failure. In Checkmate 9LA, serious adverse
reactions occurred in 57% of patients (n=358). The most frequent (>2%) serious
adverse reactions were pneumonia, diarrhea, febrile neutropenia, anemia, acute kidney
injury, musculoskeletal pain, dyspnea, pneumonitis, and respiratory failure. Fatal
adverse reactions occurred in 7 (2%) patients, and included hepatic toxicity, acute renal
failure, sepsis, pneumonitis, diarrhea with hypokalemia, and massive hemoptysis in
the setting of thrombocytopenia.
Common Adverse Reactions
In Checkmate 227, the most common (≥20%) adverse reactions were
fatigue (44%), rash (34%), decreased appetite (31%), musculoskeletal pain (27%),
diarrhea/colitis (26%), dyspnea (26%), cough (23%), hepatitis (21%), nausea (21%),
and pruritus (21%). In Checkmate 9LA, the most common (>20%) adverse reactions
were fatigue (49%), musculoskeletal pain (39%), nausea (32%), diarrhea (31%),
rash (30%), decreased appetite (28%), constipation (21%), and pruritus (21%).

Please see additional Important Safety Information for OPDIVO
and YERVOY throughout and accompanying brief summary of
US Full Prescribing Information for OPDIVO and YERVOY on the
following pages.
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Please also see Brief Summary for YERVOY® (ipilimumab) following OPDIVO® (nivolumab).

OPDIVO® (nivolumab) injection, for intravenous use
Brief Summary of Prescribing Information. For complete prescribing information consult official package insert.
INDICATIONS AND USAGE
• OPDIVO (nivolumab), in combination with ipilimumab, is indicated for the first-line treatment of adult patients with metastatic non-small cell lung
cancer (NSCLC) whose tumors express PD-L1 (≥1%) as determined by an FDA-approved test [see Dosage and Administration], with no EGFR
or ALK genomic tumor aberrations.
• OPDIVO, in combination with ipilimumab and 2 cycles of platinum-doublet chemotherapy, is indicated for the first-line treatment of adult patients
with metastatic or recurrent non-small cell lung cancer (NSCLC), with no EGFR or ALK genomic tumor aberrations.
DOSAGE AND ADMINISTRATION
Patient Selection
Select patients with metastatic NSCLC for treatment with OPDIVO in combination with ipilimumab based on PD-L1 expression [see Clinical Studies
(14.3) in full Prescribing Information]. Information on FDA-approved tests for the determination of PD-L1 expression in NSCLC is available at:
http://www.fda.gov/CompanionDiagnostics.
CONTRAINDICATIONS None.
WARNINGS AND PRECAUTIONS
Severe and Fatal Immune-Mediated Adverse Reactions
OPDIVO is a monoclonal antibody that belongs to a class of drugs that bind to either the programmed death-receptor 1 (PD-1) or the PD-ligand 1
(PD-L1), blocking the PD-1/PD-L1 pathway, thereby removing inhibition of the immune response, potentially breaking peripheral tolerance and inducing
immune-mediated adverse reactions. Important immune-mediated adverse reactions listed under Warnings and Precautions may not include all
possible severe and fatal immune-mediated reactions.
Immune-mediated adverse reactions, which may be severe or fatal, can occur in any organ system or tissue. Immune-mediated adverse reactions
can occur at any time after starting treatment with a PD-1/PD-L1 blocking antibody. While immune-mediated adverse reactions usually manifest
during treatment with PD-1/PD-L1 blocking antibodies, immune-mediated adverse reactions can also manifest after discontinuation of PD-1/PD-L1
blocking antibodies.
Early identification and management of immune-mediated adverse reactions are essential to ensure safe use of PD-1/PD-L1 blocking antibodies.
Monitor patients closely for symptoms and signs that may be clinical manifestations of underlying immune-mediated adverse reactions. Evaluate
liver enzymes, creatinine, and thyroid function at baseline and periodically during treatment. In cases of suspected immune-mediated adverse
reactions, initiate appropriate workup to exclude alternative etiologies, including infection. Institute medical management promptly, including specialty
consultation as appropriate.
Withhold or permanently discontinue OPDIVO depending on severity [see Dosage and Administration (2.1) in full Prescribing Information]. In general,
if OPDIVO requires interruption or discontinuation, administer systemic corticosteroid therapy (1 to 2 mg/kg/day prednisone or equivalent) until
improvement to Grade 1 or less. Upon improvement to Grade 1 or less, initiate corticosteroid taper and continue to taper over at least 1 month.
Consider administration of other systemic immunosuppressants in patients whose immune-mediated adverse reactions are not controlled with
corticosteroid therapy.
Toxicity management guidelines for adverse reactions that do not necessarily require systemic steroids (e.g., endocrinopathies and dermatologic
reactions) are discussed below.
Immune-Mediated Pneumonitis
OPDIVO can cause immune-mediated pneumonitis, which is defined as requiring use of steroids and no clear alternate etiology. The incidence of
pneumonitis is higher in patients who have received prior thoracic radiation.
In NSCLC, immune-mediated pneumonitis occurred in 9% (50/576) of patients receiving OPDIVO 3 mg/kg every 2 weeks with ipilimumab 1 mg/kg
every 6 weeks, including Grade 4 (0.5%), Grade 3 (3.5%), and Grade 2 (4.0%) immune-mediated pneumonitis. Four patients (0.7%) died due to
pneumonitis. Immune-mediated pneumonitis led to permanent discontinuation of OPDIVO with ipilimumab in 5% of patients and withholding of
OPDIVO with ipilimumab in 3.6% of patients.
Systemic corticosteroids were required in 100% of patients with pneumonitis. Pneumonitis resolved in 72% of the patients. Approximately 13% (2/16)
of patients had recurrence of pneumonitis after reinitiation of OPDIVO with ipilimumab.
Immune-Mediated Colitis
OPDIVO can cause immune-mediated colitis, defined as requiring use of corticosteroids and no clear alternate etiology. A common symptom included in
the definition of colitis was diarrhea. Cytomegalovirus (CMV) infection/reactivation has been reported in patients with corticosteroid-refractory immunemediated colitis. In cases of corticosteroid-refractory colitis, consider repeating infectious workup to exclude alternative etiologies.
Immune-Mediated Hepatitis
OPDIVO can cause immune-mediated hepatitis, defined as requiring the use of corticosteroids and no clear alternate etiology.
Immune-Mediated Endocrinopathies
Adrenal Insufficiency
OPDIVO can cause primary or secondary adrenal insufficiency. For grade 2 or higher adrenal insufficiency, initiate symptomatic treatment, including
hormone replacement as clinically indicated. Withhold OPDIVO depending on severity [see Dosage and Administration (2.2) in full Prescribing
Information].
Hypophysitis
OPDIVO can cause immune-mediated hypophysitis. Hypophysitis can present with acute symptoms associated with mass effect such as headache,
photophobia, or visual field defects. Hypophysitis can cause hypopituitarism. Initiate hormone replacement as clinically indicated. Withhold or
permanently discontinue OPDIVO depending on severity [see Dosage and Administration (2.2) in full Prescribing Information].
Thyroid Disorders
OPDIVO can cause immune-mediated thyroid disorders. Thyroiditis can present with or without endocrinopathy. Hypothyroidism can follow
hyperthyroidism. Initiate hormone replacement or medical management as clinically indicated. Withhold or permanently discontinue OPDIVO depending
on severity [see Dosage and Administration (2.2) in full Prescribing Information].
Type 1 Diabetes Mellitus, which can present with Diabetic Ketoacidosis
Monitor patients for hyperglycemia or other signs and symptoms of diabetes. Initiate treatment with insulin as clinically indicated. Withhold OPDIVO
depending on severity [see Dosage and Administration (2.2) in full Prescribing Information].
Immune-Mediated Nephritis with Renal Dysfunction
OPDIVO can cause immune-mediated nephritis, which is defined as requiring use of steroids and no clear alternate etiology.
Immune-Mediated Dermatologic Adverse Reactions
OPDIVO can cause immune-mediated rash or dermatitis, defined as requiring the use of steroids and no clear alternate etiology. Exfoliative dermatitis,
including Stevens-Johnson Syndrome, toxic epidermal necrolysis (TEN), and DRESS (Drug Rash with Eosinophilia and Systemic Symptoms) has
occurred with PD-1/L-1 blocking antibodies. Topical emollients and/or topical corticosteroids may be adequate to treat mild to moderate non-exfoliative
rashes. Withhold or permanently discontinue OPDIVO depending on severity [see Dosage and Administration (2.2) in full Prescribing Information].
Other Immune-Mediated Adverse Reactions
The following clinically significant immune-mediated adverse reactions occurred at an incidence of <1% (unless otherwise noted) in patients who
received OPDIVO or OPDIVO in combination with ipilimumab, or were reported with the use of other PD-1/PD-L1 blocking antibodies. Severe or fatal
cases have been reported for some of these adverse reactions.
Cardiac/Vascular: Myocarditis, pericarditis, vasculitis
Nervous System: Meningitis, encephalitis, myelitis and demyelination, myasthenic syndrome/myasthenia gravis (including exacerbation), Guillain-Barre
syndrome, nerve paresis, autoimmune neuropathy
Ocular: Uveitis, iritis, and other ocular inflammatory toxicities can occur. Some cases can be associated with retinal detachment. Various grades
of visual impairment, including blindness, can occur. If uveitis occurs in combination with other immune-mediated adverse reactions, consider a
Vogt-Koyanagi-Harada-like syndrome, as this may require treatment with systemic steroids to reduce the risk of permanent vision loss
Gastrointestinal: Pancreatitis to include increases in serum amylase and lipase levels, gastritis, duodenitis
Musculoskeletal and Connective Tissue: Myositis/polymyositis, rhabdomyolysis, and associated sequelae including renal failure, arthritis, polymyalgia
rheumatic
Endocrine: Hypoparathyroidism
Other (Hematologic/Immune): Hemolytic anemia, aplastic anemia, hemophagocytic lymphohistiocytosis, systemic inflammatory response syndrome,
histiocytic necrotizing lymphadenitis (Kikuchi lymphadenitis), sarcoidosis, immune thrombocytopenic purpura, solid organ transplant rejection
Infusion-Related Reactions
OPDIVO can cause severe infusion-related reactions, which have been reported in <1.0% of patients in clinical trials. Discontinue OPDIVO in patients
with severe or life-threatening infusion-related reactions. Interrupt or slow the rate of infusion in patients with mild or moderate infusion-related
reactions [see Dosage and Administration (2.3) in full Prescribing Information].
Complications of Allogeneic Hematopoietic Stem Cell Transplantation
Fatal and other serious complications can occur in patients who receive allogeneic hematopoietic stem cell transplantation (HSCT) before or after being
treated with a PD-1 receptor blocking antibody. Transplant-related complications include hyperacute graft-versus-host-disease (GVHD), acute GVHD,
chronic GVHD, hepatic veno-occlusive disease (VOD) after reduced intensity conditioning, and steroid-requiring febrile syndrome (without an identified
infectious cause) [see Adverse Reactions]. These complications may occur despite intervening therapy between PD-1 blockade and allogeneic HSCT.
Follow patients closely for evidence of transplant-related complications and intervene promptly. Consider the benefit versus risks of treatment with a
PD-1 receptor blocking antibody prior to or after an allogeneic HSCT.
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Embryo-Fetal Toxicity
Based on its mechanism of action and data from animal studies, OPDIVO (nivolumab) can cause fetal harm when administered to a pregnant woman.
In animal reproduction studies, administration of nivolumab to cynomolgus monkeys from the onset of organogenesis through delivery resulted in
increased abortion and premature infant death. Advise pregnant women of the potential risk to a fetus. Advise females of reproductive potential to use
effective contraception during treatment with OPDIVO and for at least 5 months after the last dose [see Use in Specific Populations].
Increased Mortality in Patients with Multiple Myeloma when OPDIVO Is Added to a Thalidomide Analogue and Dexamethasone
In randomized clinical trials in patients with multiple myeloma, the addition of a PD-1 blocking antibody, including OPDIVO, to a thalidomide analogue
plus dexamethasone, a use for which no PD-1 or PD-L1 blocking antibody is indicated, resulted in increased mortality. Treatment of patients with
multiple myeloma with a PD-1 or PD-L1 blocking antibody in combination with a thalidomide analogue plus dexamethasone is not recommended
outside of controlled clinical trials.
ADVERSE REACTIONS
The following clinically significant adverse reactions are described elsewhere in the labeling [see Warnings and Precautions]: Severe and Fatal
Immune-Mediated Adverse Reactions, Infusion-Related Reactions, Complications of Allogeneic HSCT.
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 WARNINGS AND PRECAUTIONS reflect exposure to OPDIVO as a single agent in 1994 patients enrolled in CHECKMATE-037,
CHECKMATE-017, CHECKMATE-057, CHECKMATE-066, CHECKMATE-025, CHECKMATE-067, CHECKMATE-205, CHECKMATE-039 or a single-arm
trial in NSCLC (n=117); OPDIVO 1 mg/kg with ipilimumab 3 mg/kg in patients enrolled in CHECKMATE-067 (n=313), CHECKMATE-040 (n=49),
or another randomized trial (n=94); OPDIVO 3 mg/kg administered with ipilimumab 1 mg/kg (n=666) in patients enrolled in CHECKMATE-214 or
CHECKMATE-142; OPDIVO 3 mg/kg every 2 weeks with ipilimumab 1 mg/kg every 6 weeks in patients enrolled in CHECKMATE-227 (n=576) or
CHECKMATE-743 (n=300); and OPDIVO 360 mg with ipilimumab 1 mg/kg and 2 cycles of platinum-doublet chemotherapy in CHECKMATE-9LA
(n=361).
Metastatic Non-Small Cell Lung Cancer
First-line Treatment of Metastatic NSCLC: In Combination with Ipilimumab
The safety of OPDIVO in combination with ipilimumab was evaluated in CHECKMATE-227, a randomized, multicenter,
multi-cohort, open-label trial in patients with previously untreated metastatic or recurrent NSCLC with no EGFR or ALK genomic tumor aberrations [see
Clinical Studies (14.3) in full Prescribing Information]. The trial excluded patients with untreated brain metastases, carcinomatous meningitis, active
autoimmune disease, or medical conditions requiring systemic immunosuppression. Patients received OPDIVO 3 mg/kg by intravenous infusion over
30 minutes every 2 weeks and ipilimumab 1 mg/kg by intravenous infusion over 30 minutes every 6 weeks or platinum-doublet chemotherapy every
3 weeks for 4 cycles. The median duration of therapy in OPDIVO and ipilimumab-treated patients was 4.2 months (range: 1 day to 25.5 months):
39% of patients received OPDIVO and ipilimumab for >6 months and 23% of patients received OPDIVO and ipilimumab for >1 year. The population
characteristics were: median age 64 years (range: 26 to 87); 48% were ≥65 years of age, 76% White, and 67% male. Baseline ECOG performance
status was 0 (35%) or 1 (65%), 85% were former/current smokers, 11% had brain metastases, 28% had squamous histology and 72% had
non-squamous histology.
Serious adverse reactions occurred in 58% of patients. OPDIVO and ipilimumab were discontinued for adverse reactions in 24% of patients and
53% had at least one dose withheld for an adverse reaction. The most frequent (≥2%) serious adverse reactions were pneumonia, diarrhea/colitis,
pneumonitis, hepatitis, pulmonary embolism, adrenal insufficiency, and hypophysitis. Fatal adverse reactions occurred in 1.7% of patients; these
included events of pneumonitis (4 patients), myocarditis, acute kidney injury, shock, hyperglycemia, multi-system organ failure, and renal failure. The
most common (≥20%) adverse reactions were fatigue, rash, decreased appetite, musculoskeletal pain, diarrhea/colitis, dyspnea, cough, hepatitis,
nausea, and pruritus. Tables 1 and 2 summarize selected adverse reactions and laboratory abnormalities, respectively, in CHECKMATE-227.
Table 1:

Adverse Reactions in ≥10% of Patients Receiving OPDIVO and Ipilimumab - CHECKMATE-227

Adverse Reaction
General
Fatiguea
Pyrexia
Edemab
Skin and Subcutaneous Tissue
Rashc
Pruritusd
Metabolism and Nutrition
Decreased appetite
Musculoskeletal and Connective Tissue
Musculoskeletal paine
Arthralgia
Gastrointestinal
Diarrhea/colitisf
Nausea
Constipation
Vomiting
Abdominal paing
Respiratory, Thoracic, and Mediastinal
Dyspneah
Coughi
Hepatobiliary
Hepatitis j
Endocrine
Hypothyroidismk
Hyperthyroidisml
Infections and Infestations
Pneumoniam
Nervous System
Headache

OPDIVO and Ipilimumab
(n=576)

Platinum-doublet Chemotherapy
(n=570)

All Grades (%)

Grades 3-4 (%)

All Grades (%)

Grades 3-4 (%)

44
18
14

6
0.5
0.2

42
11
12

4.4
0.4
0.5

34
21

4.7
0.5

10
3.3

0.4
0

31

2.3

26

1.4

27
13

1.9
0.9

16
2.5

0.7
0.2

26
21
18
13
10

3.6
1.0
0.3
1.0
0.2

16
42
27
18
9

0.9
2.5
0.5
2.3
0.7

26
23

4.3
0.2

16
13

2.1
0

21

9

10

1.2

16
10

0.5
0

1.2
0.5

0
0

13

7

8

4.0

11

0.5

6

0

a Includes fatigue and asthenia.
b Includes eyelid edema, face edema, generalized edema, localized edema, edema, edema peripheral, and periorbital edema.
c Includes autoimmune dermatitis, dermatitis, dermatitis acneiform, dermatitis allergic, dermatitis atopic, dermatitis bullous, dermatitis contact,

dermatitis exfoliative, dermatitis psoriasiform, granulomatous dermatitis, rash generalized, drug eruption, dyshidrotic eczema, eczema, exfoliative
rash, nodular rash, rash, rash erythematous, rash macular, rash maculo-papular, rash papular, rash pruritic, rash pustular, toxic skin eruption.
Includes pruritus and pruritus generalized.
Includes back pain, bone pain, musculoskeletal chest pain, musculoskeletal discomfort, musculoskeletal pain, myalgia, and pain in extremity.
Includes colitis, colitis microscopic, colitis ulcerative, diarrhea, enteritis infectious, enterocolitis, enterocolitis infectious, and enterocolitis viral.
Includes abdominal discomfort, abdominal pain, abdominal pain lower, abdominal pain upper, and abdominal tenderness.
Includes dyspnea and dyspnea exertional.
Includes cough and productive cough.
Includes alanine aminotransferase increased, aspartate aminotransferase increased, autoimmune hepatitis, blood bilirubin increased, hepatic
enzyme increased, hepatic failure, hepatic function abnormal, hepatitis, hepatitis E, hepatocellular injury, hepatotoxicity, hyperbilirubinemia, immunemediated hepatitis, liver function test abnormal, liver function test increased, transaminases increased.
k Includes autoimmune thyroiditis, blood thyroid stimulating hormone increased, hypothyroidism, primary hypothyroidism, thyroiditis, and
tri-iodothyronine free decreased.
l Contains blood thyroid stimulating hormone decreased, hyperthyroidism, and tri-iodothyronine free increased.
m Includes lower respiratory tract infection, lower respiratory tract infection bacterial, lung infection, pneumonia, pneumonia adenoviral, pneumonia
aspiration, pneumonia bacterial, pneumonia klebsiella, pneumonia influenzal, pneumonia viral, atypical pneumonia, organizing pneumonia.
d
e
f
g
h
i
j

Other clinically important adverse reactions in CHECKMATE-227 were: Skin and Subcutaneous Tissue: urticaria, alopecia, erythema multiforme,
vitiligo; Gastrointestinal: stomatitis, pancreatitis, gastritis; Musculoskeletal and Connective Tissue: arthritis, polymyalgia rheumatica, rhabdomyolysis;
Nervous System: peripheral neuropathy, autoimmune encephalitis; Blood and Lymphatic System: eosinophilia; Eye Disorders: blurred vision, uveitis;
Cardiac: atrial fibrillation, myocarditis.
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Table 2:

Laboratory Values Worsening from Baselinea Occurring in ≥20% of Patients on OPDIVO (nivolumab) and Ipilimumab
- CHECKMATE-227

Laboratory Abnormality
Hematology
Anemia
Lymphopenia
Chemistry
Hyponatremia
Increased AST
Increased ALT
Increased lipase
Increased alkaline phosphatase
Increased amylase
Hypocalcemia
Hyperkalemia
Increased creatinine

OPDIVO and Ipilimumab

Platinum-doublet Chemotherapy

Grades 1-4 (%)

Grades 3-4 (%)

Grades 1-4 (%)

Grades 3-4 (%)

46
46

3.6
5

78
60

14
15

41
39
36
35
34
28
28
27
22

12
5
7
14
3.8
9
1.7
3.4
0.9

26
26
27
14
20
18
17
22
17

4.9
0.4
0.7
3.4
0.2
1.9
1.3
0.4
0.2

a Each test incidence is based on the number of patients who had both baseline and at least one on-study laboratory measurement available: OPDIVO

and ipilimumab group (range: 494 to 556 patients) and chemotherapy group (range: 469 to 542 patients).

First-line Treatment of Metastatic or Recurrent NSCLC: In Combination with Ipilimumab and Platinum-Doublet Chemotherapy
The safety of OPDIVO in combination with ipilimumab and platinum-doublet chemotherapy was evaluated in CHECKMATE-9LA [see Clinical Studies
(14.3) in full Prescribing Information]. Patients received either OPDIVO 360 mg administered every 3 weeks in combination with ipilimumab 1 mg/kg
administered every 6 weeks and platinum-doublet chemotherapy administered every 3 weeks for 2 cycles; or platinum-doublet chemotherapy
administered every 3 weeks for 4 cycles. The median duration of therapy in OPDIVO in combination with ipilimumab and platinum-doublet
chemotherapy was 6 months (range: 1 day to 19 months): 50% of patients received OPDIVO and ipilimumab for >6 months and 13% of patients
received OPDIVO and ipilimumab for >1 year.
Serious adverse reactions occurred in 57% of patients who were treated with OPDIVO in combination with ipilimumab and platinum-doublet
chemotherapy. The most frequent (>2%) serious adverse reactions were pneumonia, diarrhea, febrile neutropenia, anemia, acute kidney injury,
musculoskeletal pain, dyspnea, pneumonitis, and respiratory failure. Fatal adverse reactions occurred in 7 (2%) patients, and included hepatic toxicity,
acute renal failure, sepsis, pneumonitis, diarrhea with hypokalemia, and massive hemoptysis in the setting of thrombocytopenia.
Study therapy with OPDIVO in combination with ipilimumab and platinum-doublet chemotherapy was permanently discontinued for adverse reactions
in 24% of patients and 56% had at least one treatment withheld for an adverse reaction. The most common (>20%) adverse reactions were fatigue,
musculoskeletal pain, nausea, diarrhea, rash, decreased appetite, constipation, and pruritus.
Tables 3 and 4 summarize selected adverse reactions and laboratory abnormalities, respectively, in CHECKMATE-9LA.
Table 3:

Adverse Reactions in >10% of Patients Receiving OPDIVO and Ipilimumab and Platinum-Doublet Chemotherapy - CHECKMATE-9LA
OPDIVO and Ipilimumab and PlatinumDoublet Chemotherapy
(n=358)

Adverse Reaction

Platinum-Doublet Chemotherapy
(n=349)

All Grades (%)

Grades 3-4 (%)

All Grades (%)

Grades 3-4 (%)

49
14

5
0.6

40
10

4.9
0.6

39

4.5

27

2.0

32
31
21
18
12

1.7
6
0.6
2.0
0.6

41
18
23
17
11

0.9
1.7
0.6
1.4
0.9

30
21
11

4.7
0.8
0.8

10
2.9
10

0.3
0
0.6

28

2.0

22

1.7

19
18

0.6
4.7

15
14

0.9
3.2

19

0.3

3.4

0

11
11

0.6
0.6

7
6

0
0

General
Fatiguea
Pyrexia
Musculoskeletal and Connective Tissue
Musculoskeletal painb
Gastrointestinal
Nausea
Diarrheac
Constipation
Vomiting
Abdominal paind
Skin and Subcutaneous Tissue
Rashe
Pruritusf
Alopecia
Metabolism and Nutrition
Decreased appetite
Respiratory, Thoracic and Mediastinal
Coughg
Dyspneah
Endocrine
Hypothyroidismi
Nervous System
Headache
Dizzinessj

Toxicity was graded per NCI CTCAE v4.
a Includes fatigue and asthenia
b Includes myalgia, back pain, pain in extremity, musculoskeletal pain, bone pain, flank pain, muscle spasms, musculoskeletal chest pain,
musculoskeletal disorder, osteitis, musculoskeletal stiffness, non-cardiac chest pain, arthralgia, arthritis, arthropathy, joint effusion, psoriatic
arthropathy, synovitis
c Includes colitis, ulcerative colitis, diarrhea, and enterocolitis
d Includes abdominal discomfort, abdominal pain, lower abdominal pain, upper abdominal pain, and gastrointestinal pain
e Includes acne, dermatitis, acneiform dermatitis, allergic dermatitis, atopic dermatitis, bullous dermatitis, generalized exfoliative dermatitis, eczema,
keratoderma blenorrhagica, palmar-plantar erythrodysaesthesia syndrome, rash, erythematous rash, generalized rash, macular rash, maculo-papular
rash, morbilliform rash, papular rash, pruritic rash, skin exfoliation, skin reaction, skin toxicity, Stevens-Johnson syndrome, urticaria
f Includes pruritus and generalized pruritus
g Includes cough, productive cough, and upper-airway cough syndrome
h Includes dyspnea, dyspnea at rest, and exertional dyspnea
i Includes autoimmune thyroiditis, increased blood thyroid stimulating hormone, hypothyroidism, thyroiditis, and decreased free tri-iodothyronine
j Includes dizziness, vertigo and positional vertigo
Table 4:

Laboratory Values Worsening from Baselinea Occurring in >20% of Patients on OPDIVO and Ipilimumab and Platinum-Doublet
Chemotherapy - CHECKMATE-9LA

Laboratory Abnormality
Hematology
Anemia
Lymphopenia
Neutropenia
Leukopenia
Thrombocytopenia
Chemistry
Hyperglycemia
Hyponatremia
Increased ALT
Increased lipase
Increased alkaline phosphatase
Increased amylase
Increased AST
Hypomagnesemia
Hypocalcemia
Increased creatinine
Hyperkalemia

OPDIVO and Ipilimumab and
Platinum-Doublet Chemotherapy

Platinum-Doublet Chemotherapy

Grades 1-4 (%)

Grades 3-4 (%)

Grades 1-4 (%)

Grades 3-4 (%)

70
41
40
36
23

9
6
15
10
4.3

74
40
42
40
24

16
11
15
9
5

45
37
34
31
31
30
30
29
26
26
22

7
10
4.3
12
1.2
7
3.5
1.2
1.4
1.2
1.7

42
27
24
10
26
19
22
33
22
23
21

2.6
7
1.2
2.2
0.3
1.3
0.3
0.6
1.8
0.6
2.1
(Continued)
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Table 4:
Laboratory Values Worsening from Baselinea Occurring in >20% of Patients on OPDIVO (nivolumab) and Ipilimumab and
(Continued) Platinum-Doublet Chemotherapy - CHECKMATE-9LA
a Each test incidence is based on the number of patients who had both baseline and at least one on-study laboratory measurement available:

OPDIVO and ipilimumab and platinum-doublet chemotherapy group (range: 197 to 347 patients) and platinum-doublet chemotherapy group (range:
191 to 335 patients).

Immunogenicity
As with all therapeutic proteins, there is a 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 incidence of antibodies to OPDIVO with the incidences of antibodies to other products may be misleading.
Of the patients with metastatic or recurrent NSCLC who were treated with OPDIVO and ipilimumab and evaluable for the presence of anti-nivolumab
antibodies, the incidence of anti-nivolumab antibodies was 36.7% (180/491) with OPDIVO 3 mg/kg every 2 weeks and ipilimumab 1 mg every
6 weeks. The incidence of neutralizing antibodies against nivolumab was 1.4% (7/491) with OPDIVO 3 mg/kg every 2 weeks and ipilimumab 1 mg
every 6 weeks.
Of the patients with NSCLC who were treated with OPDIVO 360 mg every 3 weeks in combination with ipilimumab 1 mg/kg every 6 weeks and
platinum-doublet chemotherapy, and were evaluable for the presence of anti-nivolumab antibodies, the incidence of anti-nivolumab antibodies was
34% (104/308); the incidence of neutralizing antibodies against nivolumab was 2.6% (8/308).
There was no evidence of increased incidence of infusion-related reactions with anti-nivolumab antibody development.
Postmarketing Experience
The following adverse reactions have been identified during post-approval use of OPDIVO. 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. Eye:
Vogt-Koyanagi-Harada (VKH) syndrome; Complications of OPDIVO Treatment After Allogeneic HSCT: Treatment refractory, severe acute and chronic
GVHD; Blood and lymphatic system disorders: hemophagocytic lymphohistiocytosis (HLH) (including fatal cases), autoimmune hemolytic anemia
(including fatal cases).
USE IN SPECIFIC POPULATIONS
PREGNANCY
Risk Summary
Based on data from animal studies and its mechanism of action [see Clinical Pharmacology (12.1) in full Prescribing Information], OPDIVO can cause
fetal harm when administered to a pregnant woman. In animal reproduction studies, administration of nivolumab to cynomolgus monkeys from the
onset of organogenesis through delivery resulted in increased abortion and premature infant death (see Data). Human IgG4 is known to cross the
placental barrier and nivolumab is an immunoglobulin G4 (IgG4); therefore, nivolumab has the potential to be transmitted from the mother to the
developing fetus. The effects of OPDIVO are likely to be greater during the second and third trimesters of pregnancy. There are no available data on
OPDIVO use in pregnant women to evaluate a drug-associated risk. Advise pregnant women of the potential risk to a fetus.
The background risk in the U.S. general population of major birth defects is 2% to 4% and of miscarriage is 15% to 20% of clinically recognized
pregnancies.
Data
Animal Data
A central function of the PD-1/PD-L1 pathway is to preserve pregnancy by maintaining maternal immune tolerance to the fetus. Blockade of PD-L1
signaling has been shown in murine models of pregnancy to disrupt tolerance to the fetus and to increase fetal loss. The effects of nivolumab on
prenatal and postnatal development were evaluated in monkeys that received nivolumab twice weekly from the onset of organogenesis through
delivery, at exposure levels of between 9 and 42 times higher than those observed at the clinical dose of 3 mg/kg (based on AUC). Nivolumab
administration resulted in a non-dose-related increase in spontaneous abortion and increased neonatal death. Based on its mechanism of action,
fetal exposure to nivolumab may increase the risk of developing immune-mediated disorders or altering the normal immune response and immunemediated disorders have been reported in PD-1 knockout mice. In surviving infants (18 of 32 compared to 11 of 16 vehicle-exposed infants) of
cynomolgus monkeys treated with nivolumab, there were no apparent malformations and no effects on neurobehavioral, immunological, or clinical
pathology parameters throughout the 6-month postnatal period.
Lactation
Risk Summary
There are no data on the presence of nivolumab in human milk, the effects on the breastfed child, or the effects on milk production. Because of
the potential for serious adverse reactions in the breastfed child, advise women not to breastfeed during treatment and for 5 months after the last
dose of OPDIVO.
Females and Males of Reproductive Potential
Pregnancy Testing
Verify the pregnancy status of females of reproductive potential prior to initiating OPDIVO [see Use in Specific Populations–Pregnancy].
Contraception
OPDIVO can cause fetal harm when administered to a pregnant woman [see Use in Specific Populations–Pregnancy]. Advise females of reproductive
potential to use effective contraception during treatment with OPDIVO and for at least 5 months following the last dose.
Pediatric Use
The safety and effectiveness of OPDIVO and YERVOY (ipilimumab) have not been established in pediatric patients less than 18 years old with NSCLC
[see Indications and Usage].
Geriatric Use
Of the 576 patients randomized to OPDIVO 3 mg/kg every 2 weeks with ipilimumab 1 mg/kg every 6 weeks in CHECKMATE-227 (NSCLC), 48% were
65 years or older and 10% were 75 years or older. No overall difference in safety was reported between older patients and younger patients; however,
there was a higher discontinuation rate due to adverse reactions in patients aged 75 years or older (29%) relative to all patients who received OPDIVO
with ipilimumab (18%). Of the 396 patients in the primary efficacy population (PD-L1 ≥1%) randomized to OPDIVO 3 mg/kg every 2 weeks with
ipilimumab 1 mg/kg every 6 weeks in CHECKMATE-227, the hazard ratio for overall survival was 0.70 (95% CI: 0.55, 0.89) in the 199 patients younger
than 65 years compared to 0.91 (95% CI: 0.72, 1.15) in the 197 patients 65 years or older [see Clinical Studies (14.3) in full Prescribing Information].
Of the 361 patients randomized to OPDIVO 360 mg every 3 weeks in combination with ipilimumab 1 mg/kg every 6 weeks and platinum-doublet
chemotherapy every 3 weeks (for 2 cycles) in CHECKMATE-9LA (NSCLC), 51% were 65 years or older and 10% were 75 years or older. No overall
difference in safety was reported between older patients and younger patients; however, there was a higher discontinuation rate due to adverse
reactions in patients aged 75 years or older (43%) relative to all patients who received OPDIVO with ipilimumab and chemotherapy (24%). For
patients aged 75 years or older who received chemotherapy only, the discontinuation rate due to adverse reactions was 16% relative to all patients
who had a discontinuation rate of 13%. Based on an updated analysis for overall survival, of the 361 patients randomized to OPDIVO in combination
with ipilimumab and platinum-doublet chemotherapy in CHECKMATE-9LA, the hazard ratio for overall survival was 0.61 (95% CI: 0.47, 0.80) in the
176 patients younger than 65 years compared to 0.73 (95% CI: 0.56, 0.95) in the 185 patients 65 years or older.
PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Medication Guide).
Immune-Mediated Adverse Reactions
Inform patients of the risk of immune-mediated adverse reactions that may require corticosteroid treatment and withholding or discontinuation of
OPDIVO, including:
• Pneumonitis: Advise patients to contact their healthcare provider immediately for any new or worsening cough, chest pain, or shortness of breath
[see Warnings and Precautions]
• Colitis: Advise patients to contact their healthcare provider immediately for diarrhea or severe abdominal pain [see Warnings and Precautions]
• Hepatitis: Advise patients to contact their healthcare provider immediately for jaundice, severe nausea or vomiting, pain on the right side of
abdomen, lethargy, or easy bruising or bleeding [see Warnings and Precautions]
• Endocrinopathies: Advise patients to contact their healthcare provider immediately for signs or symptoms of hypophysitis, adrenal insufficiency,
hypothyroidism, hyperthyroidism, and diabetes mellitus [see Warnings and Precautions]
• Nephritis and Renal Dysfunction: Advise patients to contact their healthcare provider immediately for signs or symptoms of nephritis including
decreased urine output, blood in urine, swelling in ankles, loss of appetite, and any other symptoms of renal dysfunction [see Warnings and
Precautions]
• Skin Adverse Reactions: Advise patients to contact their healthcare provider immediately for rash [see Warnings and Precautions].
Infusion-Related Reactions
• Advise patients of the potential risk of infusion-related reactions [see Warnings and Precautions].
Complications of Allogeneic HSCT
• Advise patients of potential risk of post-transplant complications [see Warnings and Precautions].
Embryo-Fetal Toxicity
• Advise females of reproductive potential of the potential risk to a fetus and to inform their healthcare provider of a known or suspected pregnancy
[see Warnings and Precautions, Use in Specific Populations].
• Advise females of reproductive potential to use effective contraception during treatment with OPDIVO and for at least 5 months following the
last dose [see Use in Specific Populations].
Lactation
• Advise women not to breastfeed during treatment with OPDIVO and for 5 months after the last dose [see Use in Specific Populations].
Manufactured by:
Bristol-Myers Squibb Company
Princeton, NJ 08543 USA
U.S. License No. 1713
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YERVOY® (ipilimumab) injection, for intravenous use
Brief Summary of Prescribing Information. For complete prescribing information consult official package insert.
INDICATIONS AND USAGE
• YERVOY (ipilimumab), in combination with nivolumab, is indicated for the first-line treatment of adult patients with metastatic non-small cell
lung cancer (NSCLC) whose tumors express PD-L1 (≥1%) as determined by an FDA-approved test, [see Dosage and Administration], with no
EGFR or ALK genomic tumor aberrations.
• YERVOY, in combination with nivolumab and 2 cycles of platinum-doublet chemotherapy, is indicated for the first-line treatment of adult patients
with metastatic or recurrent NSCLC, with no EGFR or ALK genomic tumor aberrations.
DOSAGE AND ADMINISTRATION
Patient Selection
Select patients with metastatic NSCLC for treatment with YERVOY in combination with nivolumab based on PD-L1 expression [see Clinical Studies
(14.6) in full Prescribing Information]. Information on FDA-approved tests for the determination of PD-L1 expression in NSCLC is available at: http://
www.fda.gov/CompanionDiagnostics.
CONTRAINDICATIONS None.
WARNINGS AND PRECAUTIONS
Severe and Fatal Immune-Mediated Adverse Reactions
YERVOY is a fully human monoclonal antibody that blocks T-cell inhibitory signals induced by the CTLA-4 pathway, thereby removing inhibition of the
immune response with the potential for induction of immune-mediated adverse reactions. Immune-mediated adverse reactions listed herein may not
be inclusive of all possible severe and fatal immune-mediated reactions.
Immune-mediated adverse reactions, which may be severe or fatal, can occur in any organ system or tissue. Immune-mediated adverse reactions
can occur at any time after starting YERVOY. While immune-mediated adverse reactions usually manifest during treatment, immune-mediated adverse
reactions can also manifest after discontinuation of YERVOY.
Early identification and management are essential to ensure safe use of YERVOY. Monitor for signs and symptoms that may be clinical manifestations of
underlying immune-mediated adverse reactions. Evaluate clinical chemistries including liver enzymes, creatinine, adrenocorticotropic hormone (ACTH)
level, and thyroid function at baseline and before each dose. Institute medical management promptly, including specialty consultation as appropriate.
Withhold or permanently discontinue YERVOY depending on severity [see Dosage and Administration (2.3) in full Prescribing Information]. In general,
if YERVOY requires interruption or discontinuation, administer systemic corticosteroid therapy (1 to 2 mg/kg/day prednisone or equivalent) until
improvement to Grade 1 or less. Upon improvement to Grade 1 or less, initiate corticosteroid taper and continue to taper over at least 1 month.
Consider administration of other systemic immunosuppressants in patients whose immune-mediated adverse reactions are not controlled with
corticosteroid therapy.
Immune-Mediated Colitis
YERVOY can cause immune-mediated colitis, which may be fatal. Cytomegalovirus (CMV) infection/reactivation has been reported in patients with
corticosteroid-refractory immune-mediated colitis. In cases of corticosteroid-refractory colitis, consider repeating infectious workup to exclude
alternative etiologies.
Immune-Mediated Dermatologic Adverse Reactions
YERVOY can cause immune-mediated rash or dermatitis, including bullous and exfoliative dermatitis, Stevens Johnson Syndrome, toxic epidermal
necrolysis (TEN), and DRESS (Drug Rash with Eosinophilia and Systemic Symptoms). Topical emollients and/or topical corticosteroids may be adequate
to treat mild to moderate non-bullous/exfoliative rashes. Withhold or permanently discontinue YERVOY depending on severity [see Dosage and
Administration (2.3) in full Prescribing Information].
Immune-Mediated Endocrinopathies
Hypophysitis:
YERVOY can cause immune-mediated hypophysitis. Hypophysitis can present with acute symptoms associated with mass effect such as headache,
photophobia, or visual field cuts. Hypophysitis can cause hypopituitarism. Initiate hormone replacement as clinically indicated. Withhold or permanently
discontinue YERVOY depending on severity [see Dosage and Administration (2.3) in full Prescribing Information].
Immune-Mediated Pneumonitis
In NSCLC, immune-mediated pneumonitis occurred in 9% (50/576) of patients receiving YERVOY 1 mg/kg every 6 weeks with nivolumab 3 mg/kg
every 2 weeks, including Grade 4 (0.5%), Grade 3 (3.5%), and Grade 2 (4.0%) immune-mediated pneumonitis. Four patients (0.7%) died due to
pneumonitis. The median duration was 1.5 months (range: 5 days to 25+ months). Immune-mediated pneumonitis led to permanent discontinuation
of YERVOY with nivolumab in 5% of patients and withholding of YERVOY with nivolumab in 3.6% of patients.
Systemic corticosteroids were required in 100% of patients with pneumonitis followed by a corticosteroid taper. Pneumonitis resolved in 72% of the
patients. Approximately 13% (2/16) of patients had recurrence of pneumonitis after re-initiation of YERVOY with nivolumab.
Other Immune-Mediated Adverse Reactions
Across clinical trials of YERVOY administered as a single agent or in combination with nivolumab, the following clinically significant immune-mediated
adverse reactions, some with fatal outcome, occurred in <1% of patients unless otherwise specified, as shown below:
Nervous System: Autoimmune neuropathy (2%), meningitis, encephalitis, myelitis and demyelination, myasthenic syndrome/myasthenia gravis,
Guillain-Barré syndrome, nerve paresis, motor dysfunction
Cardiovascular: Angiopathy, myocarditis, pericarditis, temporal arteritis, vasculitis
Ocular: Blepharitis, episcleritis, iritis, orbital myositis, scleritis, uveitis. Some cases can be associated with retinal detachment. If uveitis occurs in
combination with other immune-mediated adverse reactions, consider a Vogt-Koyanagi-Harada-like syndrome, which has been observed in patients
receiving YERVOY and may require treatment with systemic corticosteroids to reduce the risk of permanent vision loss.
Gastrointestinal: Duodenitis, gastritis, pancreatitis (1.3%)
Musculoskeletal and Connective Tissue: Arthritis, myositis, polymyalgia rheumatica, polymyositis, rhabdomyolysis
Other (hematologic/immune): Aplastic anemia, conjunctivitis, cytopenias (2.5%), eosinophilia (2.1%), erythema multiforme, histiocytic necrotizing
lymphadenitis (Kikuchi lymphadenitis), hypersensitivity vasculitis, meningitis, neurosensory hypoacusis, psoriasis, sarcoidosis, systemic inflammatory
response syndrome
Infusion-Related Reactions
Severe infusion-related reactions can occur with YERVOY. Discontinue YERVOY in patients with severe or life-threatening infusion reactions. Interrupt
or slow the rate of infusion in patients with mild or moderate infusion reactions [see Dosage and Administration (2.3) in full Prescribing Information].
Complications of Allogeneic Hematopoietic Stem Cell Transplant after YERVOY
Fatal or serious graft-versus-host disease (GVHD) can occur in patients who receive YERVOY either before or after allogeneic hematopoietic stem cell
transplantation (HSCT). These complications may occur despite intervening therapy between CTLA-4 receptor blocking antibody and allogeneic HSCT.
Follow patients closely for evidence of GVHD and intervene promptly [see Adverse Reactions]. Consider the benefit versus risks of treatment with
YERVOY after allogeneic HSCT.
Embryo-Fetal Toxicity
Based on its mechanism of action and findings from animal studies, YERVOY can cause fetal harm when administered to a pregnant woman. In animal
reproduction studies, administration of ipilimumab to cynomolgus monkeys from the onset of organogenesis through delivery resulted in higher incidences
of abortion, stillbirth, premature delivery (with corresponding lower birth weight), and higher incidences of infant mortality in a dose-related manner. The
effects of ipilimumab are likely to be greater during the second and third trimesters of pregnancy. Advise pregnant women of the potential risk to a fetus.
Advise females of reproductive potential to use effective contraception during treatment with YERVOY and for 3 months after the last dose [see Use
in Specific Populations].
Risks Associated When Administered in Combination with Nivolumab
When YERVOY is administered in combination with nivolumab, refer to the nivolumab Full Prescribing Information for additional risk information that
applies to the combination use treatment.
ADVERSE REACTIONS
The following clinically significant adverse reactions are described elsewhere in the labeling:
• Severe and fatal immune-mediated adverse reactions [see Warnings and Precautions].
• Infusion-related reactions [see Warnings and Precautions].
Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions, adverse reaction rates observed in the clinical trials of a drug cannot be directly
compared with rates in the clinical trials of another drug and may not reflect the rates observed in clinical practice.
The data described in the Warnings and Precautions section reflect exposure to YERVOY 1 mg/kg administered with nivolumab 3 mg/kg in
CHECKMATE-227 and to YERVOY 1 mg/kg, administered in combination with nivolumab and platinum-doublet chemotherapy in CHECKMATE-9LA,
an open-label, multicenter, randomized trial in adult patients with previously untreated metastatic or recurrent NSCLC with no EGFR or ALK genomic
tumor aberrations.
First-line Treatment of Metastatic NSCLC: In Combination with Nivolumab
The safety of YERVOY in combination with nivolumab was evaluated in CHECKMATE-227, a randomized, multicenter, multi-cohort, openlabel trial in patients with previously untreated metastatic or recurrent NSCLC with no EGFR or ALK genomic tumor aberrations [see Clinical
Studies (14.6) in full Prescribing Information]. The trial excluded patients with untreated brain metastases, carcinomatous meningitis, active
autoimmune disease, or medical conditions requiring systemic immunosuppression. Patients received YERVOY 1 mg/kg by intravenous
infusion over 30 minutes every 6 weeks and nivolumab 3 mg/kg by intravenous infusion over 30 minutes every 2 weeks or platinum-doublet
chemotherapy every 3 weeks for 4 cycles. The median duration of therapy in YERVOY and nivolumab-treated patients was 4.2 months (range:
1 day to 25.5 months): 39% of patients received YERVOY and nivolumab for >6 months and 23% of patients received YERVOY and nivolumab for
>1 year. The population characteristics were: median age 64 years (range: 26 to 87); 48% were ≥65 years of age, 76% White, and 67% male. Baseline
ECOG performance status was 0 (35%) or 1 (65%), 85% were former/current smokers, 11% had brain metastases, 28% had squamous histology
and 72% had non-squamous histology.
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Serious adverse reactions occurred in 58% of patients. YERVOY (ipilimumab) and nivolumab were discontinued for adverse reactions in 24% of
patients and 53% had at least one dose withheld for an adverse reaction. The most frequent (≥2%) serious adverse reactions were pneumonia,
diarrhea/colitis, pneumonitis, hepatitis, pulmonary embolism, adrenal insufficiency, and hypophysitis. Fatal adverse reactions occurred in 1.7% of
patients; these included events of pneumonitis (4 patients), myocarditis, acute kidney injury, shock, hyperglycemia, multi-system organ failure, and
renal failure. The most common (≥20%) adverse reactions were fatigue, rash, decreased appetite, musculoskeletal pain, diarrhea/colitis, dyspnea,
cough, hepatitis, nausea, and pruritus.
Tables 1 and 2 summarize selected adverse reactions and laboratory abnormalities, respectively, in CHECKMATE-227.
Table 1:

Adverse Reactions in ≥10% of Patients Receiving YERVOY and Nivolumab - CHECKMATE-227
YERVOY and Nivolumab
(n=576)

Adverse Reaction

Platinum-doublet Chemotherapy
(n=570)

All Grades (%)

Grades 3-4 (%)

All Grades (%)

Grades 3-4 (%)

44
18
14

6
0.5
0.2

42
11
12

4.4
0.4
0.5

34
21

4.7
0.5

10
3.3

0.4
0

31

2.3

26

1.4

27
13

1.9
0.9

16
2.5

0.7
0.2

26
21
18
13
10

3.6
1.0
0.3
1.0
0.2

16
42
27
18
9

0.9
2.5
0.5
2.3
0.7

26
23

4.3
0.2

16
13

2.1
0

21

9

10

1.2

16
10

0.5
0

1.2
0.5

0
0

13

7

8

4.0

11

0.5

6

0

General
Fatiguea
Pyrexia
Edemab
Skin and Subcutaneous Tissue
Rashc
Pruritusd
Metabolism and Nutrition
Decreased appetite
Musculoskeletal and Connective Tissue
Musculoskeletal paine
Arthralgia
Gastrointestinal
Diarrhea/colitisf
Nausea
Constipation
Vomiting
Abdominal paing
Respiratory, Thoracic, and Mediastinal
Dyspneah
Coughi
Hepatobiliary
Hepatitis j
Endocrine
Hypothyroidismk
Hyperthyroidisml
Infections and Infestations
Pneumoniam
Nervous System
Headache

a Includes fatigue and asthenia.
b Includes eyelid edema, face edema, generalized edema, localized edema, edema, edema peripheral, and periorbital edema.
c Includes autoimmune dermatitis, dermatitis, dermatitis acneiform, dermatitis allergic, dermatitis atopic, dermatitis bullous, dermatitis contact,

dermatitis exfoliative, dermatitis psoriasiform, granulomatous dermatitis, rash generalized, drug eruption, dyshidrotic eczema, eczema, exfoliative
rash, nodular rash, rash, rash erythematous, rash macular, rash maculo-papular, rash papular, rash pruritic, rash pustular, toxic skin eruption.
Includes pruritus and pruritus generalized.
Includes back pain, bone pain, musculoskeletal chest pain, musculoskeletal discomfort, musculoskeletal pain, myalgia, and pain in extremity.
Includes colitis, colitis microscopic, colitis ulcerative, diarrhea, enteritis infectious, enterocolitis, enterocolitis infectious, and enterocolitis viral.
Includes abdominal discomfort, abdominal pain, abdominal pain lower, abdominal pain upper, and abdominal tenderness.
Includes dyspnea and dyspnea exertional.
Includes cough and productive cough.
Includes alanine aminotransferase increased, aspartate aminotransferase increased, autoimmune hepatitis, blood bilirubin increased, hepatic
enzyme increased, hepatic failure, hepatic function abnormal, hepatitis, hepatitis E, hepatocellular injury, hepatotoxicity, hyperbilirubinemia, immunemediated hepatitis, liver function test abnormal, liver function test increased, transaminases increased.
k Includes autoimmune thyroiditis, blood thyroid stimulating hormone increased, hypothyroidism, primary hypothyroidism, thyroiditis, and
tri-iodothyronine free decreased.
l Contains blood thyroid stimulating hormone decreased, hyperthyroidism, and tri-iodothyronine free increased.
m Includes lower respiratory tract infection, lower respiratory tract infection bacterial, lung infection, pneumonia, pneumonia adenoviral, pneumonia
aspiration, pneumonia bacterial, pneumonia klebsiella, pneumonia influenzal, pneumonia viral, atypical pneumonia, organizing pneumonia.
d
e
f
g
h
i
j

Other clinically important adverse reactions in CHECKMATE-227 were: Skin and Subcutaneous Tissue: urticaria, alopecia, erythema multiforme,
vitiligo; Gastrointestinal: stomatitis, pancreatitis, gastritis; Musculoskeletal and Connective Tissue: arthritis, polymyalgia rheumatica, rhabdomyolysis;
Nervous System: peripheral neuropathy, autoimmune encephalitis; Blood and Lymphatic System: eosinophilia; Eye Disorders: blurred vision, uveitis;
Cardiac: atrial fibrillation, myocarditis.
Table 2:

Laboratory Values Worsening from Baselinea Occurring in ≥20% of Patients on YERVOY and Nivolumab - CHECKMATE-227

Laboratory Abnormality
Hematology
Anemia
Lymphopenia
Chemistry
Hyponatremia
Increased AST
Increased ALT
Increased lipase
Increased alkaline phosphatase
Increased amylase
Hypocalcemia
Hyperkalemia
Increased creatinine

YERVOY and Nivolumab

Platinum-doublet Chemotherapy

Grades 1-4 (%)

Grades 3-4 (%)

Grades 1-4 (%)

Grades 3-4 (%)

46
46

3.6
5

78
60

14
15

41
39
36
35
34
28
28
27
22

12
5
7
14
3.8
9
1.7
3.4
0.9

26
26
27
14
20
18
17
22
17

4.9
0.4
0.7
3.4
0.2
1.9
1.3
0.4
0.2

a Each test incidence is based on the number of patients who had both baseline and at least one on-study laboratory measurement available: YERVOY

and nivolumab group (range: 494 to 556 patients) and chemotherapy group (range: 469 to 542 patients).

First-line Treatment of Metastatic or Recurrent NSCLC: In Combination with Nivolumab and Platinum-Doublet Chemotherapy
The safety of YERVOY in combination with nivolumab and platinum-doublet chemotherapy was evaluated in CHECKMATE-9LA [see Clinical Studies
(14.6) in full Prescribing Information]. Patients received either YERVOY 1 mg/kg administered every 6 weeks in combination with nivolumab 360 mg
administered every 3 weeks and platinum-doublet chemotherapy administered every 3 weeks for 2 cycles; or platinum-doublet chemotherapy
administered every 3 weeks for 4 cycles. The median duration of therapy in YERVOY in combination with nivolumab and platinum-doublet
chemotherapy was 6 months (range: 1 day to 19 months): 50% of patients received YERVOY and nivolumab for >6 months and 13% of patients
received YERVOY and nivolumab for >1 year.
Serious adverse reactions occurred in 57% of patients who were treated with YERVOY in combination with nivolumab and platinum-doublet
chemotherapy. The most frequent (>2%) serious adverse reactions were pneumonia, diarrhea, febrile neutropenia, anemia, acute kidney injury,
musculoskeletal pain, dyspnea, pneumonitis, and respiratory failure. Fatal adverse reactions occurred in 7 (2%) patients, and included hepatic toxicity,
acute renal failure, sepsis, pneumonitis, diarrhea with hypokalemia, and massive hemoptysis in the setting of thrombocytopenia.
Study therapy with YERVOY in combination with nivolumab and platinum-doublet chemotherapy was permanently discontinued for adverse reactions
in 24% of patients and 56% had at least one treatment withheld for an adverse reaction. The most common (>20%) adverse reactions were fatigue,
musculoskeletal pain, nausea, diarrhea, rash, decreased appetite, constipation, and pruritus.
Tables 3 and 4 summarize selected adverse reactions and laboratory abnormalities, respectively, in CHECKMATE-9LA.
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Table 3:

Adverse Reactions in >10% of Patients Receiving YERVOY (ipilimumab) and Nivolumab and Platinum-Doublet Chemotherapy
- CHECKMATE-9LA
YERVOY and Nivolumab and PlatinumDoublet Chemotherapy
(n=358)

Adverse Reaction

Platinum-Doublet Chemotherapy
(n=349)

All Grades (%)

Grades 3-4 (%)

All Grades (%)

Grades 3-4 (%)

49
14

5
0.6

40
10

4.9
0.6

39

4.5

27

2.0

32
31
21
18
12

1.7
6
0.6
2.0
0.6

41
18
23
17
11

0.9
1.7
0.6
1.4
0.9

30
21
11

4.7
0.8
0.8

10
2.9
10

0.3
0
0.6

28

2.0

22

1.7

19
18

0.6
4.7

15
14

0.9
3.2

19

0.3

3.4

0

11
11

0.6
0.6

7
6

0
0

General
Fatiguea
Pyrexia
Musculoskeletal and Connective Tissue
Musculoskeletal painb
Gastrointestinal
Nausea
Diarrheac
Constipation
Vomiting
Abdominal paind
Skin and Subcutaneous Tissue
Rashe
Pruritusf
Alopecia
Metabolism and Nutrition
Decreased appetite
Respiratory, Thoracic and Mediastinal
Coughg
Dyspneah
Endocrine
Hypothyroidismi
Nervous System
Headache
Dizzinessj

Toxicity was graded per NCI CTCAE v4.
a Includes fatigue and asthenia
b Includes myalgia, back pain, pain in extremity, musculoskeletal pain, bone pain, flank pain, muscle spasms, musculoskeletal chest pain,
musculoskeletal disorder, osteitis, musculoskeletal stiffness, non-cardiac chest pain, arthralgia, arthritis, arthropathy, joint effusion, psoriatic
arthropathy, synovitis
c Includes colitis, ulcerative colitis, diarrhea, and enterocolitis
d Includes abdominal discomfort, abdominal pain, lower abdominal pain, upper abdominal pain, and gastrointestinal pain
e Includes acne, dermatitis, acneiform dermatitis, allergic dermatitis, atopic dermatitis, bullous dermatitis, generalized exfoliative dermatitis, eczema,
keratoderma blenorrhagica, palmar-plantar erythrodysaesthesia syndrome, rash, erythematous rash, generalized rash, macular rash, maculo-papular
rash, morbilliform rash, papular rash, pruritic rash, skin exfoliation, skin reaction, skin toxicity, Stevens-Johnson syndrome, urticaria
f Includes pruritus and generalized pruritus
g Includes cough, productive cough, and upper-airway cough syndrome
h Includes dyspnea, dyspnea at rest, and exertional dyspnea
i Includes autoimmune thyroiditis, increased blood thyroid stimulating hormone, hypothyroidism, thyroiditis, and decreased free tri-iodothyronine
j Includes dizziness, vertigo and positional vertigo
Table 4:

Laboratory Values Worsening from Baselinea Occurring in >20% of Patients on YERVOY and Nivolumab and Platinum-Doublet
Chemotherapy - CHECKMATE-9LA

Laboratory Abnormality
Hematology
Anemia
Lymphopenia
Neutropenia
Leukopenia
Thrombocytopenia
Chemistry
Hyperglycemia
Hyponatremia
Increased ALT
Increased lipase
Increased alkaline phosphatase
Increased amylase
Increased AST
Hypomagnesemia
Hypocalcemia
Increased creatinine
Hyperkalemia

YERVOY and Nivolumab and
Platinum-Doublet Chemotherapy

Platinum-Doublet Chemotherapy

Grades 1-4 (%)

Grades 3-4 (%)

Grades 1-4 (%)

Grades 3-4 (%)

70
41
40
36
23

9
6
15
10
4.3

74
40
42
40
24

16
11
15
9
5

45
37
34
31
31
30
30
29
26
26
22

7
10
4.3
12
1.2
7
3.5
1.2
1.4
1.2
1.7

42
27
24
10
26
19
22
33
22
23
21

2.6
7
1.2
2.2
0.3
1.3
0.3
0.6
1.8
0.6
2.1

a Each test incidence is based on the number of patients who had both baseline and at least one on-study laboratory measurement available: YERVOY

and nivolumab and platinum-doublet chemotherapy group (range: 197 to 347 patients) and platinum-doublet chemotherapy group (range: 191 to
335 patients).

Immunogenicity
As with all therapeutic proteins, there is a 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 incidences of antibodies to other studies or to other
products may be misleading.
Of 483 patients evaluable for anti-ipilimumab antibodies in CHECKMATE-227 Part 1, 8.5% were positive for treatment-emergent anti-ipilimumab
antibodies. No patients had neutralizing antibodies against ipilimumab. In Part 1 of the same study, of 491 patients evaluable for anti-nivolumab
antibodies 36.7% were positive for anti-nivolumab antibodies and 1.4% had neutralizing antibodies against nivolumab.
Of 305 patients evaluable for anti-ipilimumab antibodies in CHECKMATE-9LA, 8% were positive for anti-ipilimumab antibodies and 1.6% were
positive for anti-ipilimumab neutralizing antibodies. There was no evidence of increased incidence of infusion reactions to YERVOY in patients with
anti-ipilimumab antibodies. Of 308 patients evaluable for anti-nivolumab antibodies in CHECKMATE-9LA, 34% were positive for anti-nivolumab
antibodies and 2.6% had neutralizing antibodies against nivolumab.
Postmarketing Experience
The following adverse reactions have been identified during post-approval use of YERVOY. 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: hemophagocytic lymphohistiocytosis (HLH)
Immune System: graft-versus-host disease, solid organ transplant rejection
Skin and Subcutaneous Tissue: Drug reaction with eosinophilia and systemic symptoms (DRESS syndrome)
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USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on findings from animal studies and its mechanism of action [see Clinical Pharmacology (12.1) in full Prescribing Information],
YERVOY (ipilimumab) can cause fetal harm when administered to a pregnant woman. There is insufficient human data for YERVOY exposure in
pregnant women. In animal reproduction studies, administration of ipilimumab to cynomolgus monkeys from the onset of organogenesis through
delivery resulted in higher incidences of abortion, stillbirth, premature delivery (with corresponding lower birth weight), and higher incidences of
infant mortality in a dose-related manner [see Data]. The effects of ipilimumab are likely to be greater during the second and third trimesters of
pregnancy. Human IgG1 is known to cross the placental barrier and ipilimumab is an IgG1; therefore, ipilimumab has the potential to be transmitted
from the mother to the developing fetus. Advise pregnant women of the potential risk to a fetus. Report pregnancies to Bristol-Myers Squibb at
1-844-593-7869.
In the U.S. general population, the estimated background risk of major birth defects and miscarriage in clinically recognized pregnancies is 2% to
4% and 15% to 20%, respectively.
Data
Animal Data
In a combined study of embryo-fetal and peri-postnatal development, pregnant cynomolgus monkeys received ipilimumab every 3 weeks from the
onset of organogenesis in the first trimester through parturition. No treatment-related adverse effects on reproduction were detected during the first
two trimesters of pregnancy. Beginning in the third trimester, administration of ipilimumab at doses resulting in exposures approximately 2.6 to 7.2
times the human exposure at a dose of 3 mg/kg resulted in dose-related increases in abortion, stillbirth, premature delivery (with corresponding lower
birth weight), and an increased incidence of infant mortality. In addition, developmental abnormalities were identified in the urogenital system of 2
infant monkeys exposed in utero to 30 mg/kg of ipilimumab (7.2 times the human exposure based on area under the curve at a dose of 3 mg/kg).
One female infant monkey had unilateral renal agenesis of the left kidney and ureter, and 1 male infant monkey had an imperforate urethra with
associated urinary obstruction and subcutaneous scrotal edema.
Genetically engineered mice heterozygous for CTLA-4 (CTLA-4+/−), the target for ipilimumab, appeared healthy and gave birth to healthy
CTLA-4+/− heterozygous offspring. Mated CTLA-4+/− heterozygous mice also produced offspring deficient in CTLA-4 (homozygous negative,
CTLA-4−/−). The CTLA-4−/− homozygous negative offspring appeared healthy at birth, exhibited signs of multiorgan lymphoproliferative disease by
2 weeks of age, and all died by 3 to 4 weeks of age with massive lymphoproliferation and multiorgan tissue destruction.
Lactation
Risk Summary
There are no data on the presence of YERVOY in human milk or its effects on the breastfed child or milk production. In monkeys, ipilimumab was
present in milk (see Data). Because of the potential for serious adverse reactions in breastfed children, advise women not to breastfeed during
treatment with YERVOY and for 3 months following the last dose.
Data
In monkeys treated at dose levels resulting in exposures 2.6 and 7.2 times higher than those in humans at a 3 mg/kg dose, ipilimumab was present
in milk at concentrations of 0.1 mcg/mL and 0.4 mcg/mL, representing a ratio of up to 0.3% of the steady-state serum concentration of the drug.
Females and Males of Reproductive Potential
Pregnancy Testing
Verify pregnancy status in females of reproductive potential prior to initiating YERVOY [see Use in Specific Populations–Pregnancy].
Contraception
YERVOY can cause fetal harm when administered to a pregnant woman [see Use in Specific Populations–Pregnancy]. Advise females of reproductive
potential to use effective contraception during treatment with YERVOY and for 3 months following the last dose.
Pediatric Use
The safety and effectiveness of OPDIVO (nivolumab) and YERVOY have not been established in pediatric patients less than 18 years old with NSCLC.
Geriatric Use
Of the 576 patients randomized to YERVOY 1 mg/kg every 6 weeks with nivolumab 3 mg/kg every 2 weeks in CHECKMATE-227 (NSCLC), 48%
were 65 years or older and 10% were 75 years or older. No overall difference in safety was reported between older patients and younger patients;
however, there was a higher discontinuation rate due to adverse reactions in patients aged 75 years or older (29%) relative to all patients who
received YERVOY with nivolumab (18%). Of the 396 patients in the primary efficacy population (PD-L1 ≥1%) randomized to YERVOY 1 mg/kg every
6 weeks with nivolumab 3 mg/kg every 2 weeks with in CHECKMATE-227, the hazard ratio for overall survival was 0.70 (95% CI: 0.55, 0.89) in the
199 patients younger than 65 years compared to 0.91 (95% CI: 0.72, 1.15) in the 197 patients 65 years or older [see Clinical Studies (14.6) in full
Prescribing Information].
Of the 361 patients randomized to YERVOY 1 mg/kg every 6 weeks in combination with nivolumab 360 mg every 3 weeks and platinum-doublet
chemotherapy every 3 weeks (for 2 cycles) in CHECKMATE-9LA (NSCLC), 51% were 65 years or older and 10% were 75 years or older. No overall
difference in safety was reported between older patients and younger patients; however, there was a higher discontinuation rate due to adverse
reactions in patients aged 75 years or older (43%) relative to all patients who received YERVOY with nivolumab and chemotherapy (24%). For patients
aged 75 years or older who received chemotherapy only, the discontinuation rate due to adverse reactions was 16% relative to all patients who
had a discontinuation rate of 13%. Based on an updated analysis for overall survival, of the 361 patients randomized to YERVOY in combination
with nivolumab and platinum-doublet chemotherapy in CHECKMATE-9LA, the hazard ratio for overall survival was 0.61 (95% CI: 0.47, 0.80) in the
176 patients younger than 65 years compared to 0.73 (95% CI: 0.56, 0.95) in the 185 patients 65 years or older.
PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Medication Guide).
Immune-Mediated Adverse Reactions
Advise patients that YERVOY can cause immune-mediated adverse reactions including the following [see Warnings and Precautions]:
• Immune-Mediated Diarrhea or Colitis: Advise patients to contact their healthcare provider immediately for signs or symptoms of diarrhea or
colitis.
• Immune-Mediated Hepatitis: Advise patients to contact their healthcare provider immediately for signs or symptoms of hepatitis.
• Immune-Mediated Dermatologic Adverse Reactions: Advise patients to contact their healthcare provider immediately if they develop a new rash.
• Immune-Mediated Endocrinopathies: Advise patients to contact their healthcare provider immediately for signs or symptoms of hypophysitis,
adrenal insufficiency, hypothyroidism, hyperthyroidism, and diabetes mellitus
• Immune-Mediated Pneumonitis: Advise patients to contact their healthcare provider immediately for any new or worsening symptoms of
pneumonitis.
• Immune-Mediated Nephritis with Renal Dysfunction: Advise patients to contact their healthcare provider immediately for signs or symptoms
of nephritis.
Infusion-Related Reactions
Advise patients who are receiving YERVOY of the potential risk of an infusion-related reaction [see Warnings and Precautions].
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 and Use in Specific Populations].
• Advise females of reproductive potential to use effective contraception during treatment with YERVOY and for 3 months after the last dose [see
Use in Specific Populations].
• Advise patients who may have been exposed to YERVOY during pregnancy to contact Bristol-Myers Squibb at 1-844-593-7869 [see Use in
Specific Populations].
Lactation
• Advise women not to breastfeed during treatment with YERVOY and for 3 months after the last dose [see Use in Specific Populations].
Manufactured by:
Bristol-Myers Squibb Company
Princeton, NJ 08543 USA
U.S. License No. 1713
Revised: November 2020
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2021 Approvals Expand Access to Care for Patients Across Tumor Types
by JACKIE COLLINS

LAST YEAR MARKED THE 50th anniversary of the National Cancer Act of
1971, a landmark legislation that committed to funding biomedical research, establishing oncology training programs, and building a nationwide network of cancer
treatment centers. In this anniversary year, 13 novel agents were approved across
hematology/oncology. Additionally, there were many other notable approvals—whether
they were new formulations, expanded indications, or biosimilar approvals—across
tumor types that expanded accessibility for varying patient populations.
Four novel drugs advanced the treatment paradigm for patients with non–small cell
lung cancer (NSCLC): tepotinib (Tepmetko), amivantamab-vmjw (Rybrevant), sotorasib
(Lumakras), and mobocertinib (Exkivity).
Expanded indications were added for nivolumab (Opdivo), including the pivotal
approval for frontline treatment of esophageal cancer, gastric cancer, and gastroesophageal junction (GEJ) adenocarcinoma. Notably, nivolumab also entered the
arena for frontline treatment of advanced renal cell carcinoma (RCC), adjuvant treatment of completely resected esophageal or GEJ cancer, and adjuvant treatment of
urothelial carcinoma. Meanwhile, fam-trastuzumab deruxtecan-nxki (Enhertu) and
pembrolizumab (Keytruda) were cleared for HER2-positive gastric cancer and
GEJ adenocarcinoma.
Approved for rare cancers were infigratinib (Truseltiq) and ivosidenib (Tibsovo) for
cholangiocarcinoma; belzutifan (Welireg) for von Hippel-Lindau disease; daratumumab
and hyaluronidase-fihj (Darzalex Faspro) for light-chain amyloidosis; and sirolimus
albumin-bound particles (Fyarro) for perivascular epithelioid cell tumor (PEComa),
the first approved treatment for this disease.1 A win for patients with triple-negative breast cancer (TNBC) came with the approval of sacituzumab govitecan-hziy
(Trodelvy). The agent simultaneously received approval for urothelial cancer.
Not all agents with accelerated approvals fared as well during the FDA’s Oncologic
Drugs Advisory Committee (ODAC) special 3-day public hearing in April. The
committee evaluated 6 indications for immune checkpoint inhibitors —across malignancies including TNBC, metastatic urothelial carcinoma (mUC), gastric cancers,
and hepatocellular carcinoma (HCC)—that were granted under the FDA’s accelerated approval process but later failed confirmatory clinical trials. The hearings, which
allowed expert commentary and patient testimony about the drugs, involved 2 indications for atezolizumab (Tecentriq), 3 for pembrolizumab, and 1 for nivolumab.2
Ultimately, ODAC voted in favor of pembrolizumab and atezolizumab for frontline mUC and atezolizumab plus nab-paclitaxel for PD–L1 positive metastatic
TNBC; pembrolizumab for second-line advanced HCC was unanimously backed.
The FDA panel voted against pembrolizumab for PD–L1—positive gastric cancer
and GEJ cancer, along with nivolumab for second-line advanced HCC.

JANUARY
❚ Crizotinib (Xalkori): for pediatric patients 1 year or older and young adults
with relapsed or refractory ALK-positive anaplastic large cell lymphoma, a rare
form of non-Hodgkin lymphoma
❚ Fam-trastuzumab deruxtecan-nxki (Enhertu): for adult patients with locally
advanced or metastatic HER2-positive gastric or GEJ adenocarcinoma who have
received a previous trastuzumab (Herceptin)-based regimen

“Trastuzumab deruxtecan has shown efficacy in [HER2positive gastric cancers]. It’s important to build on that
efficacy and continue to try to understand which patients
need to continue on HER2 inhibition and which patients
need to be changed to other types of therapy because
of loss of HER2.”
—Yelena Y. Janjigian, MD
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❚ D
 aratumumab and hyaluronidase-fihj (Darzalex Faspro): for use in combination with bortezomib (Velcade), cyclophosphamide, and dexamethasone
(D-VCd; VCd) in the treatment of patients with newly diagnosed lightchain amyloidosis
❚ N
 ivolumab (Opdivo) plus cabozantinib (Cabometyx): for the frontline treatment of patients with advanced RCC

“[Nivolumab plus cabozantinib is] going to be another
option for frontline clear cell RCC. It’s not the only combination that is approved, but I think there are some
distinctions, especially with the quality-of-life data.”
—Toni K. Choueiri, MD

FEBRUARY
❚ Tepotinib (Tepmetko): for adult patients with metastatic NSCLC harboring MET
exon 14 skip-ping alterations

“These are patients who generally are not represented in
the pivotal upfront trials. There’s been a need for better
treatments for these patients. The approval of tepotinib is
1 step forward in that regard, [in] having a fairly well-tolerated oral agent that is effective in this patient population.
That’s probably the most important aspect of the approval.”
—Paul K. Paik, MD
❚❚ U
 mbralisib (Ukoniq): for patients with relapsed or refractory marginal zone
lymphoma (MZL) who have previously received at least 1 anti-CD20–based
regimen and patients with relapsed or refractory follicular lymphoma (FL) who
have received at least 3 prior lines of systemic therapy

“Umbralisib represents another drug in a unique class
that is relatively tolerable and has tumor activity in the
vast majority of patients [in which] it is used. I believe
this option will be utilized by clinicians for patients with
third- or fourth-line FL....This treatment is very active
and it is associated with a very limited toxicity profile.
Plus, it is oral, so it is easy to give, the toxicity is not too high,
and it appears very active in patients after multiple other lines of therapy.”
—Nathan H. Fowler, MD

❚ L
 isocabtagene maraleucel (Breyanzi): for adult patients with certain types
of large B-cell lymphoma who have not responded to, or who have relapsed
after, at least 2 other types of systemic treatment. Specifically, the indication
includes patients with diffuse large B-cell lymphoma (DLBCL) not otherwise
specified, including that which arises from indolent lymphoma, high-grade
B-cell lymphoma, primary mediastinal large B-cell lymphoma, or follicular
lymphoma grade 3B
❚❚ Cemiplimab-rwlc (Libtayo): for patients with locally advanced basal cell
carcinoma (BCC) who have previously been treated with a Hedgehog pathway
inhibitor (HHI) or for whom an HHI is not appropriate. The agent also was
granted accelerated approval for patients with metastatic BCC previously
treated with an HHI or for whom an HHI is not appropriate.

❚ M
 elphalan flufenamide (Pepaxto): in combination with dexamethasone for adult
patients with relapsed or refractory multiple myeloma who have received at least
4 prior lines of therapy and whose disease is refractory to at least 1 proteasome
inhibitor, 1 immunomodulatory drug, and 1 CD38-directed monoclonal antibody

MARCH
❚ Lorlatinib (Lorbrena): for patients with ALK-positive metastatic NCSLC as
detected by an FDA-approved test.
❚ Axicabtagene ciloleucel (Yescarta): for adult patients with relapsed or refractory follicular lymphoma following 2 or more lines of systemic therapy.

“[The difference with sacituzumab govitecan] has to do with
the target, meaning Trop-2, which is a different target than
other available drugs. The target is more important in terms
of differentiation in the toxin, [and for sacituzumab govitecan]
SM 38, which is the toxin, is a bit weaker than some of the
toxins used in [antibody-drug conjugates]….The landscape is
shifting, and we hope [to move these agents] upstream. We’re looking not
just for improvements in survival and quality of life, but increased cures in the
either non–muscle-invasive setting or muscle-invasive setting in combination
with local therapy.”
—Scott T. Tagawa, MD

“I think this is a breakthrough of CAR T-cell therapy. The
first T-cell infusion I did in clinical trial was around 1996.
Now we’re in 2021, a quarter of a century [later]. There’s
been a lot of work and [there have been] a lot of failures.
But finally it has come to fruition and there are 4 indications
now. It is exciting for our patients, [and although it is] limited to
relapsed/refractory disease, we can, hopefully soon, prove its use earlier
with better outcomes that could potentially be curative. This is just a step;
we have to [keep moving forward].”
—Henry Chi Hang Fung, MD
❚ Tivozanib (Fotivda): for adult patients with relapsed or refractory advanced
RCC following 2 or more prior systemic therapies
❚ Pembrolizumab: in combination with platinum and fluoropyrimidine-based
chemotherapy for patients with metastatic or locally advanced esophageal or
gastroesophageal carcinoma who are ineligible for surgical resection or definitive chemoradiation
❚ Idecabtagene vicleucel (Abecma): for patients with relapsed or refractory multiple myeloma after 4 or more prior lines of therapy, including
an immunomodulatory agent, a proteasome inhibitor, and an anti-CD38
monoclonal antibody

“This treatment has been so incredibly effective.
When we treated patients, they had a median of 6 lines of
[prior] treatment; they almost had everything they could
have had. [Idecabtagene vicleucel] works approximately
80% of the time with deep, good responses. We were waiting
for its approval so we could offer it. It opens up a new chapter;
this is the first real cellular therapy for myeloma.”
—Nikhil C. Munshi, MD
❚ Isatuximab-irfc (Sarclisa): in combination with carfilzomib (Kyprolis) and
dexamethasone for adult patients with relapsed or refractory multiple myeloma
who have received 1 to 3 prior lines of therapy

APRIL
❚ Cetuximab (Erbitux): with the new biweekly dosing regimen of 500 mg/m2
as a 120-minute intravenous infusion for patients with KRAS wild-type, EGFRexpressing metastatic colorectal cancer or squamous cell carcinoma of
the head and neck
❚ Sacituzumab govitecan-hziy (Trodelvy): for patients with locally advanced
or metastatic urothelial cancer who previously received platinum-containing
chemotherapy and a PD-1 or PD-L1 inhibitor. Additionally, the agent was
granted regular approval for patients with unresectable locally advanced or
metastatic TNBC who have previously received 2 or more systemic therapies, at
least 1 of them for metastatic disease

❚ Nivolumab: in combination with select types of chemotherapy for the frontline
treatment of patients with advanced or metastatic gastric cancer, GEJ cancer,
or esophageal adenocarcinoma
❚❚ Dostarlimab-gxly (Jemperli): for patients with recurrent or advanced
endometrial cancer who have progressed on or following a prior platinumcontaining chemotherapy regimen and whose cancers are mismatch
repair deficient

“[The approval is] important in terms of understanding
that endometrial cancer is the most common gynecologic
cancer in the United States. The incidence, as well as
the mortality [rates associated with the disease, has]
been increasing because of a greater proportion of obesity,
as well as an increase in the number of patients with
high-risk histologic subtypes. Having new additional
therapies is very important. This is an exciting advance for
gynecologic cancer and especially endometrial cancer.”
—Bhavana Pothuri, MD
❚❚ L
 oncastuximab tesirine-lpyl (Zynlonta): for adult patients with relapsed or
refractory large B-cell lymphoma following 2 or more lines of systemic therapy.
The indication covers DLBCL not otherwise specified, DLBCL arising from
low-grade lymphoma, and high-grade B-cell lymphoma

MAY
❚ Pembrolizumab: in combination with trastuzumab (Herceptin) and fluoropyrimidine- and platinum-containing chemotherapy for the frontline treatment of
patients with locally advanced unresectable or metastatic HER2-positive gastric
or GEJ adenocarcinoma
❚ Nivolumab: for the adjuvant treatment of patients with completely resected
esophageal or GEJ cancer with residual pathologic disease who have received
neoadjuvant chemoradiotherapy
❚❚ Amivantamab-vmjw (Rybrevant): for adult patients with NSCLC who harbor
EGFR exon 20 insertion-mutations and whose disease has progressed on or
following platinum-based chemotherapy

“Prior to this [approval], there was no targeted therapy
approved for patients with NSCLC and [with] EGFR exon
20 alteration. A real-world study out of France that showed
that patients with EGFR exon 20-altered NSCLC treated
with conventional chemotherapies did just [as well as] individuals without [the] alterations. [Amivantamab will] hopefully
start to fill that gap.”
—Melina Elpi Marmarelis, MD
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❚❚ S
 otorasib (Lumakras): for adult patients with NSCLC whose tumors harbor
KRAS G12C mutations and who have received at least 1 prior systemic therapy

“The approval of sotorasib underscores the critical importance of offering molecular profiling to every patient with
metastatic nonsquamous NSCLC. We now have a well-tolerated approved oral therapy at our disposal that confers
durable clinical benefit in approximately 13% of patients
with nonsquamous NSCLC. There is an urgent need to expand
and promote equitable access to screening across the US, particularly
among underserved patient populations.”
—Ferdinandos Skoulidis, MD, PhD
❚ Infigratinib (Truseltiq): for patients with previously treated locally
advanced or metastatic cholangiocarcinoma harboring an FGFR2 fusion
or rearrangement

JUNE
❚ Avapritinib (Ayvakit): for adult patients with advanced systemic mastocytosis,
including patients with aggressive systemic mastocytosis, systemic mastocytosis with an associated hematological neoplasm, or mast cell leukemia
❚ Asparaginase erwinia chrysanthemi (recombinant)-rywn (Rylaze): as a
component of a multiagent acute lymphoblastic leukemia and lymphoblastic
lymphoma for adult and pediatric patients 1 month or older who have developed hypersensitivity to E coli–derived asparaginase

JULY
❚ Enfortumab vedotin-ejfv (Padcev): for patients who have received a prior
PD-1 or PD-L1 inhibitor and a platinum-containing chemotherapy. The indication
for this agent was also expanded to include adult patients who are ineligible for
cisplatin-containing chemotherapy who have received at least 1 prior therapy.

“After progression occurs [following chemotherapy
sequenced with immunotherapy], there’s a lot of uncertainty around treatment options, so we tend to rechallenge
with chemotherapy then test some patients for FGF alterations. The data are limited for this patient group, and so it’s
an area where we need to develop new drugs.”
—Thomas Powles, MD, MBBS, MRCP
❚ Daratumumab and hyaluronidase-fihj: in combination with pomalidomide
(Pomalyst) and dexamethasone for adult patients with multiple myeloma after
receiving at least 1 prior line of therapy including lenalidomide (Revlimid) and a
proteasome inhibitor.
❚ Belumosudil (Rezurock): for patients 12 years and older with chronic
graft-vs-host disease (GVHD) following failure of at least 2 prior lines of
systemic therapy

“Ibrutinib [was] the first approved therapy [for] this
disease and was a great step forward for us, [however]
it’s not effective in all patients. Many patients who initially
respond to ibrutinib eventually progress and require later
[lines of] therapy. Having more than 1 option for these
patients is really something that our patients need.”
—Corey S. Cutler, MD, MPH, FRCPC
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❚❚ Pembrolizumab: in combination with lenvatinib (Lenvima) for patients with
advanced endometrial carcinoma that is not microsatellite instability high
or mismatch repair deficient, who have disease progression after previous
systemic therapy in any setting, and who are not candidates for curative
surgery or radiation
❚ Pembrolizumab: in combination with chemotherapy for patients with high-risk,
early-stage TNBC for a total of 8 cycles prior to surgery followed by pembrolizumab monotherapy for 9 cycles following surgery

AUGUST
❚ Pembrolizumab: in combination with lenvatinib (Lenvima) for the frontline
treatment of patients with advanced RCC

“Now with these TKI and [immunotherapy] combinations you
can see [that with] the degree of response rates [including]
the complete responses and a median PFS of almost 24
months how much of a therapeutic gain it is for our patients.”
—Robert J. Motzer, MD
❚ Dostarlimab-gxly: for adult patients with mismatch repair–deficient recurrent
or advanced solid tumors who have progressed on or following previous treatment and who have no satisfactory alternative options
❚ Belzutifan (Welireg): for adult patients with von Hippel-Lindau disease
who require therapy for associated RCC, central nervous system hemangioblastomas, or pancreatic neuroendocrine tumors that do not require
immediate surgery
❚ Nivolumab: for the adjuvant treatment of patients with urothelial carcinoma who are at high risk of recurrence after undergoing radical cystectomy,
irrespective of prior neoadjuvant chemotherapy, nodal involvement,
or PD-L1 status
❚ Ivosidenib (Tibsovo): for oral use in adult patients with previously treated, locally
advanced, or metastatic cholangiocarcinoma with an IDH1 mutation
❚ Zanubrutinib (Brukinsa): for adult patients with Waldenström macroglobulinemia

SEPTEMBER
❚❚ Zanubrutinib (Brukinsa) for adult patients with relapsed or refractory MZL who
have received at least 1 anti-CD20–based regimen.
❚❚ Mobocertinib (Exkivity) for adult patients with locally advanced or metastatic NSCLC with EGFR exon 20 insertion mutations as detected by
an FDA-approved test whose disease has progressed on or after platinum-based chemotherapy.

“This [approval] represents a tremendous step forward based
on research and rationally designed drugs for this group
of patients with an unmet need. As we move forward with
the combinations with chemotherapy and between different
agents, [we must ask] how we better [develop] these drugs
to [permeate] the brain. [We need to look] at how we target and
refine these drugs for better central nervous system penetration,
better efficacy, and higher response rates across the population.”
—Joel Neal, MD, PhD
❚ Cabozantinib (Cabometyx): for patients 12 years and older with locally
advanced or metastatic differentiated thyroid cancer that has progressed
after prior VEGF-targeted therapy and who are ineligible or refractory to
radioactive iodine

❚ Tisotumab vedotin-tftv (Tivdak) for adult patients with recurrent or metastatic cervical cancer with disease progression on or after chemotherapy.

“This new agent adds to our armamentarium for patients
with recurrent metastatic cervical cancer. That’s the
bottom line. We have very few effective options. I include
immunotherapy in that statement because the vast majority
of patients with cervical cancer don’t benefit from immunotherapy. The need for effective therapies, ones that act rapidly,
is desperately present in our day-to-day care of patients with advanced
metastatic cervical cancer.”
—Robert L. Coleman, MD

intermediate-high or high risk of recurrence following nephrectomy alone or
with resection of metastatic lesions.
❚ Sirolimus albumin-bound particles (Fyarro): for injectable suspension for adult patients with locally advanced unresectable or metastatic
malignant PEComa
❚ Pafolacianine (Cytalux): an optical imaging agent as an adjunct for
interoperative identification of malignant lesions for adult patients
with ovarian cancer

DECEMBER
❚ D
 aratumumab and hyaluronidase-fihj plus carfilzomib (Kyprolis) plus
dexamethasone: for adult patients with relapsed or refractory multiple
myeloma who have received 1 to 3 prior lines of therapy

❚ Ruxolitinib (Jakafi): for patients 12 years and older with chronic GVHD
following failure of 1 or 2 lines of systemic therapy

“One of the most important additions to our arsenal for
myeloma [was daratumumab, which] was initially approved
in 2015 as a monotherapy but quickly moved throughout
the myeloma continuum in combination with many other
agents: [intravenous] daratumumab was approved with bortezomib, lenalidomide, and pomalidomide. Subsequently, the arrival
of subcutaneous daratumumab is a game changer because [it has] comparable efficacy with much shorter infusion time. Median infusion time can
be 6 to 8 hours, and [the subcutaneous treatment] is 3 to 5 minutes, which
is particularly important in the era of COVID[-19] to minimize exposure for
both patients and hospital workers.”

OCTOBER
❚ Brexucabtagene autoleucel (Tecartus): for adult patients with relapsed or
refractory B-cell precursor acute lymphoblastic leukemia
❚ Abemaciclib (Verzenio): in combination with endocrine therapy in the form
of tamoxifen or an aromatase inhibitor for the adjuvant treatment of adult
patients with hormone receptor–positive, HER2-negative, node-positive, early
breast cancer at high risk of recurrence and a Ki-67 score of 20% or higher as
determined by an FDA-approved test

—Ajai Chari, MD
“[The approval represents] a paradigm shift because the
last new treatment were aromatase inhibitors in 2002. This
represents our progress in understanding primary endocrine resistance, [identifying] patients who are destined
to relapse despite the best therapies, and developing interventions to stop those early recurrences. This is a highly
significant milestone for the small group of patients with high-risk disease
for whom endocrine therapy [alone] isn’t going to be the solution. We can
make a significant difference for them.”

❚ Rituximab (Rituxan): in combination with chemotherapy for pediatric patients
aged 6 months to 18 years with previously untreated, advanced stage,
CD20-positive DLBCL, Burkitt lymphoma, Burkitt-like lymphoma, or mature
B-cell acute leukemia
❚ Pembrolizumab: for the adjuvant treatment of patients 12 years and older with
stage IIB or IIC melanoma following complete resection

—Stephen Johnston, MD, PhD
“There were some naysayers when we started this trial
[who said] that [patients with] stage IIB and IIC disease
were too low risk to treat in a clinical trial. I think the
results really emphasize that patients with [those disease]
stages truly are at high risk for rapid and distant metastatic
recurrence. Treatment with pembrolizumab improves that situation quite substantially. I think…this treatment should be offered to all
patients with stage IIB and IIC [disease] and we should stop thinking about
nonmodal melanoma as low risk; in fact, it is high risk and these patients
deserve the opportunity to be treated.”

❚ Pembrolizumab: in combination with chemotherapy, with or without bevacizumab (Avastin), for patients with persistent, recurrent, or metastatic cervical
cancer with tumors expressing a PD-L1 combined positive score of at least 1 as
determined by an FDA-approved test
❚ Atezolizumab (Tecentriq): for the adjuvant treatment of patients with stage II
to IIIA NSCLC with tumor PD-L1 expression of at least 1% as determined by an
FDA-approved test following resection and platinum-based chemotherapy
❚❚ Asciminib (Scemblix): for patients with Philadelphia chromosome–positive
chronic myeloid leukemia (CML) in chronic phase previously treated with 2 or
more tyrosine kinase inhibitors
“Asciminib represents a huge advance in CML. We haven’t
had a new drug approved in several years. This is a
different class of ABL inhibitor; it works by a different
mechanism. It’s not just another medication targeting the
same region of this abnormal enzyme or kinase. It is novel,
highly effective, very safe, [and] unique.”
—Michael J. Mauro, MD

NOVEMBER
❚ Pembrolizumab: for the adjuvant treatment of patients with RCC at

—Jason Luke, MD

❚ Abatacept (Orencia): for the prophylaxis of acute GVHD in combination with a
calcineurin inhibitor and methotrexate, in adult and pediatric patients 2 years
and older undergoing hematopoietic stem cell transplantation from a matched
or 1 allele-mismatched unrelated donor ■
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ZYNLONTA is indicated for the treatment of adult patients with relapsed or refractory large B-cell lymphoma after two or
DLBCL arising from low-grade lymphoma, and high-grade B-cell lymphoma.
This indication is approved under accelerated approval based on overall response rate. Continued approval for this

* Study design: Phase 2 open-label, single-arm trial (N=145) to evaluate the efﬁcacy and safety of
ZYNLONTA as a monotherapy in r/r DLBCL after 2 or more systemic therapies. Patients received
0.15 mg/kg Q3W for 2 cycles with dexamethasone premedication (unless contraindicated), then
0.075 mg/kg Q3W for subsequent cycles. Primary endpoint was ORR, evaluated by independent
review committee using Lugano 2014 criteria. ZYNLONTA was administered until progressive
disease or unacceptable toxicity.1
IMPORTANT SAFETY INFORMATION
WARNINGS AND PRECAUTIONS
Effusion and Edema Serious effusion and edema
occurred. Grade 3 edema: 3% (primarily peripheral
edema or ascites); Grade 3 pleural effusion: 3%;
Grade 3/4 pericardial effusion: 1%.
Monitor patients for new/worsening edema or
effusions. Withhold ZYNLONTA for Grade ≥2 until
toxicity resolves. Consider diagnostic imaging in
patients with symptoms of pleural or pericardial
effusion, such as new/worsened dyspnea, chest pain,
and/or ascites such as swelling in the abdomen and
bloating. Institute appropriate medical management.
Myelosuppression Serious or severe
myelosuppression—including neutropenia,
thrombocytopenia, and anemia—occurred. Grade 3/4
neutropenia: 32%; thrombocytopenia: 20%; anemia:
12%. Grade 4 neutropenia: 21%; thrombocytopenia:
7%. Febrile neutropenia occurred: 3%.
Monitor complete blood counts throughout
treatment. Cytopenias may require interruption,
dose reduction, or discontinuation of ZYNLONTA.

Consider prophylactic granulocyte colonystimulating factor administration as applicable.
Infections Fatal and serious infections, including
opportunistic infections, occurred. Grade ≥3: 10%;
fatal infections: 2%. The most frequent Grade ≥3
infections included sepsis and pneumonia.
Monitor for any new/worsening signs or symptoms
consistent with infection. For Grade 3/4 infection,
withhold ZYNLONTA until infection has resolved.
Cutaneous Reactions Serious cutaneous reactions
occurred. Grade 3: 4%, including photosensitivity
reaction, rash (including exfoliative and
maculo-papular), and erythema.
Monitor patients for new/worsening cutaneous
reactions, including photosensitivity reactions.
Withhold ZYNLONTA for Grade 3 until resolution.
Advise patients to: minimize or avoid exposure to
direct natural or artiﬁcial sunlight including exposure
through glass windows; protect skin from exposure to
sunlight by wearing sun-protective clothing and/or
the use of sunscreen products. If a skin reaction or
rash develops, consider dermatologic consultation.

You may report side effects to the FDA at (800) FDA-1088 or www.fda.gov/medwatch.
You may also report side effects to ADC Therapeutics at 1-855-690-0340.

AR = adverse reaction; CI = conﬁdence interval; CR = complete response; DOR = duration of response;
ORR = overall response rate; NE = not estimable; PR = partial response; r/r = relapsed or refractory
ZYNLONTA is a registered trademark of ADC Therapeutics SA.
US-Comm-LTX-00054 August 2021
© 2021 ADC Therapeutics SA. All rights reserved.

more lines of systemic therapy, including diffuse large B-cell lymphoma (DLBCL) not otherwise speciﬁed,
indication may be contingent upon veriﬁcation and description of clinical beneﬁt in a conﬁrmatory trial(s).

Challenge expectations in 3L DLBCL

Take the next step...
...on the path to response with the ﬁrst
and only single-agent, CD19-directed ADC1,2
48.3% ORRa*† ‡

1.3 Months

(95% CI: 39.9, 56.7)1

24.1% CR; 24.1% PR

median time to response
(range: 1.1—8.1)

1

‡

(95% CI for each: 17.4, 31.9)

1

Single-Agent IV1,b
30-minute infusion
Once every 3 weeks

Median duration of response: 10.3 months (95% CI: 6.9, NE). Of 70 patients with objective response,
25 (36%) were censored prior to 3 months; 26% of responders had a DOR of ≥6 months.1
b
Premedication: dexamethasone 4 mg (oral or IV) twice daily for 3 days, beginning the day before
infusion. If dexamethasone administration does not begin the day before ZYNLONTA, it should begin
at least 2 hours prior to ZYNLONTA infusion (unless contraindicated).1
† Median follow-up time: 7.3 months (range: 0.3–20.2).1
‡
ORR: n=70. CR: n=35. PR: n=35.1

a

Embryo-Fetal Toxicity ZYNLONTA can cause
embryo-fetal harm when administered to a pregnant
woman because it contains a genotoxic compound
(SG3199) and affects actively dividing cells.
Advise pregnant women of potential risk to a
fetus. Advise females of reproductive potential
to use effective contraception during treatment
with ZYNLONTA and for 9 months after the last
dose. Advise male patients with female partners of
reproductive potential to use effective contraception
during treatment with ZYNLONTA and for 6 months
after the last dose.
ADVERSE REACTIONS In a pooled safety
population (215 patients, Phase 1 and LOTIS-2),
the most common (>20%) ARs, including laboratory
abnormalities, were thrombocytopenia, increased
gamma-glutamyltransferase (GGT), neutropenia,
anemia, hyperglycemia, transaminase elevation,
fatigue, hypoalbuminemia, rash, edema, nausea,
and musculoskeletal pain.
In LOTIS-2, serious ARs occurred in 28% of patients.
The most common (>2%) were febrile neutropenia,
pneumonia, edema, pleural effusion, and sepsis.
Fatal ARs: 1%, due to infection.
Please see Brief Summary of the full Prescribing
Information on adjacent pages.

www.zynlontahcp.com

DOSE DELAYS AND MODIFICATIONS Permanent
treatment discontinuation due to an AR of ZYNLONTA:
19%. Of these, ≥2% were increased GGT, edema,
and effusion.
Dose reductions due to an AR of ZYNLONTA: 8%.
Of these, ≥4% was increased GGT.
Dosage interruptions due to an AR of ZYNLONTA:
49%. Of these, ≥5% were increased GGT, neutropenia,
thrombocytopenia, and edema.
For Grade ≥3 nonhematologic toxicity, hold ZYNLONTA
until toxicity ≤Grade 1. For neutropenia: if ANC
<1 x 109/L, hold ZYNLONTA until ANC ≥1 x 109/L. For
thrombocytopenia: if platelet count <50,000/mcL, hold
ZYNLONTA until ≥50,000/mcL. For Grade ≥2 edema
or effusion, hold ZYNLONTA until ≤Grade 1. If dosing is
delayed >3 weeks due to toxicity related to ZYNLONTA,
reduce subsequent doses by 50%. If toxicity reoccurs
following dose reduction, consider discontinuation.
Note: If toxicity requires dose reduction following
second dose of 0.15 mg/kg (C2D1), patient should
receive 0.075 mg/kg for Cycle 3.

®

Table 1: Adverse Reactions (≥10%) in Patients with Relapsed
or Refractory DLBCL who received ZYNLONTA in LOTIS-2
Adverse Reaction

ZYNLONTA
(N=145)
All Grades (%)

Grades 3 or 4 (%)

General Disorders and Administration Site Conditions
Fatigueb

38

1a

Edemac

28

3a

Rashd

30

2a

Pruritus

12

0

Photosensitivity reaction

10

2a

Nausea

23

0

Diarrhea

17

2a

Abdominal paine

14

3

Vomiting

13

0

Constipation

12

0

Skin and Subcutaneous Tissue Disorders

Gastrointestinal Disorders

Musculoskeletal and Connective Tissue Disorders
23

1a

15

0

Dyspneag

13

1a

Pleural effusion

10

2a

10

<1a

Musculoskeletal painf
Metabolism and Nutrition Disorders
Decreased appetite
Respiratory Disorders

Infection
Upper respiratory tract infectionh

Table 2: Select Laboratory Abnormalities (≥10%) That Worsened from
Baseline in Patients with Relapsed or Refractory DLBCL Who Received
ZYNLONTA in LOTIS-2
Laboratory
Abnormality

ZYNLONTAa
All Grades (%)

Grade 3 or 4 (%)

Platelets decreased

58

17

Neutrophils decreased

52

30

Hemoglobin decreased

51

10b

GGT increased

57

21

Glucose increased

48

8

AST increased

41

<1b

Albumin decreased

37

<1b

ALT increased

34

3

Hematologic

Chemistry

TM

ZYNLONTA is a registered trademark of ADC Therapeutics SA.
© 2021 ADC Therapeutics SA. All rights reserved.
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GI Cancer

Leading Investigator
Seeks to Promote
the Distinctions
in GI Cancers

WHEN MICHAEL A. CHOTI, MD, MBA,
FACS, assumed his first position at Johns
Hopkins Hospital in Baltimore, Maryland, in
1992, surgical and medical oncologists worked
almost entirely independent of each other, and
the only way to get DNA from a gastrointestinal
(GI) cancer was to cut out a sample.
Things are different now, thanks in part to
Choti’s work spanning a 30-year career that has
combined research, clinical practice, and growing leadership responsibilities. Choti worked
with Bert Vogelstein, MD, the 2013 Giants of
Cancer Care ® award winner in gastrointestinal cancer, and others at Johns Hopkins on some
of the first studies of circulating tumor DNA
(ctDNA). Results of this early investigative work
have just begun to produce practical tests that
Choti expects to greatly improve the treatment of
GI cancers and other tumor types. He also collaborated with medical oncologists on efforts to
evaluate how sequencing of surgical and medical treatment affected outcomes for patients with
GI cancers. In addition, as he moved into administrative positions, he pushed policies for patient
treatment that incorporated the discoveries that
he and other investigators had made.
Choti is now the chief of surgery at Banner
MD Anderson Cancer Center in Phoenix,
Arizona. The center is a partnership between the
Houston-based cancer center and the dominant
medical service provider in Arizona and other
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parts of the Southwest. “Banner Health is a huge
“Dr Marshall and I have long agreed on the
health system,” Choti said in an interview with
importance of coordinating surgical and medical
OncologyLive ®. “My position provides an opporcare in cancer patients. We collaborated in the
treatment of many patients during my 2 decades
tunity to really make a difference in cancer care
at Hopkins, even though he was in Washington
that, in some respects, is greater than what I
and I was in Baltimore,” Choti said. “We have,
could do at Hopkins or in my last position, chairtherefore, structured the event to emphasize the
ing the Department of Surgery at The University
importance of multidisciplinary care.
of Texas [UT] Southwestern Medical
Most of the attendees will be medical
Center in Dallas. There’s a huge opporoncologists, but they will be hearing
tunity to improve integrated cancer
from surgical oncologists, radiation
care in this region, which is large and
oncologists, gastroenterologists, and
growing rapidly.”
radiologists about how the specialties
Although the combination of adminismust work together to optimize care.”
tration, clinical practice, and research
keeps Choti busy, he still finds time
to help others keep up to speed by
John Marshall, MD TRACKING PROGRESS
participating in continuing educaIN GI CANCERS
tion programs such as the 7th Annual School of
During Choti’s career, decades of innovations
Gastrointestinal Oncology ® (SOGO ®), which will
have resulted in improved surgical treatments
for GI cancers, with Choti noting the significant
be hosted by Physicians’ Education Resource ®,
advances in surgical techniques used to remove
LLC (PER®) on March 26. Choti will cochair
tumor tissue. For example, many surgeries have
the 1-day hybrid event—which will take place
become less invasive, either through changes to
at the Hilton Washington DC National Mall
the procedure or surgical robots. Yet the biggest
The Wharf—with John Marshall, MD, who is
improvements, particularly in recent years, have
chief of the Division of Hematology/Oncology
come from adjustments to the relative timing of
at Medstar Georgetown University Hospital,
surgical and medical treatment.
professor of medicine and oncology at Lombardi
“Robotic devices have been a part of cancer
Comprehensive Cancer Center at Georgetown
surgery for decades now—I actually participated
University, and director of The Ruesch Center
in some of the early trials—but they continue to
for the Cure of Gastrointestinal Cancers in
evolve and improve,” he said. Choti, coauthored
Washington, DC.

PHOTO COURTESY OF BANNER HEALTH

by ANDREW SMITH

GI Cancer
a 2008 evaluation of 3-dimensional ultrasound-guided robotic needle placement1 and a
2012 study of robot-assisted laparoscopic ultrasonography for hepatic surgery, 2 as well as
several more recent robotic trials.
“The really exciting improvements, though,
are the ones that stem from our growing understanding of which patients should get surgery
and when they should get it and what other
treatments should come before and after,” Choti
said. “That’s been evolving for decades, but
recent and pending changes to standards of care
are very exciting.
“For example, with rectal cancer, the standard 20 years ago was to remove the cancer and
give chemoradiation therapy after that. Now,
most early-stage rectal cancers are treated with
chemoradiation first and then chemotherapy
after surgery. The innovative thing now in rectal
cancers is to actually give all radiation and
chemotherapy prior to surgery, which is called
TNT, or total neoadjuvant therapy.”
Investigators have initiated several trials in
recent years pitting TNT against current standards of care, the results of which have generally
favorable outcomes for patients who receive TNT.
A 2020 meta-analysis combined results from
7 unique studies with a collective 2416 patients,
half of whom received TNT.
The pooled prevalence of pathologic complete
response (pCR) was 29.9% (95% CI, 17.2%-38.5%)
in the TNT group vs 14.9% (95% CI, 4.2%-21.3%)
in patients receiving the standard of care
for locally advanced rectal cancers—concurrent chemoradiotherapy followed by surgery
and adjuvant chemotherapy (CRT plus A). Total
neoadjuvant therapy was associated with a
higher chance of achieving a pCR (odds ratio
[OR], 2.44; 95% CI, 1.99-2.98). Three of the studies reported data on disease-free survival;
pooled analysis showed significantly higher odds
of improved disease-free survival in patients
who received TNT (OR, 2.07; 95% CI, 1.203.56; I2 = 49%).3
Last year, those findings were supported by
new results from the phase 3 RAPIDO trial
(NCT01558921). The study compared TNT with
current standards of care in 920 patients with
biopsy-proven, newly diagnosed primary, locally
advanced rectal adenocarcinoma was classified
as high risk on pelvic MRI. Median follow-up
was 4.6 years. At 3 years after randomization,
the cumulative probability of disease-related
treatment failure was 23.7% (95% CI, 19.8%27.6%) in the experimental group vs 30.4% (95%
CI, 26.1%-34.6%) in the standard-of-care group
(HR, 0.75; 95% CI, 0.60-0.95; P = .019). Serious
adverse events occurred in 177 (38%) of 460
patients in the experimental group. In the standard-of-care group, 87 (34%) of 254 patients
without adjuvant chemotherapy and 64 (34%)

of 187 patients with adjuvant chemotherapy
suffered serious adverse events.4
The trend toward neoadjuvant treatment is
also happening in other GI cancers.
“In pancreatic cancer, where it’s operable,
many around the country are still doing surgery
first, but the NCCN [National Comprehensive
Cancer Network] guidelines and others are
finally recognizing that pancreas adenocarcinoma should get chemotherapy prior to surgery.
We have been doing that for a while here, but
the practice is starting to spread,” Choti said.
“Another area where the same thing is happening is stomach cancer, gastric cancer, where
traditionally you did surgery first, and now it’s
clear the pendulum is moving fast toward giving
chemotherapy prior to surgery.”
Results from the Prep-02/JSAP-05 trial
(UMIN000009634), which compared neoadjuvant chemotherapy using gemcitabine and S1
(NAC-GS) with up-front surgery, support the
use of neoadjuvant chemotherapy in resectable
pancreatic cancer. Among the 182 patients in
the NAC-GS group, median overall survival (OS)
was 36.7 months. Among the 180 patients in
the upfront surgery group, median OS was 26.6
months (HR, 0.72; 95% CI, 0.55-0.94; P = .015).
Grade 3 or 4 adverse events frequently observed
(72.8%) in the NAC-GS group were leukopenia
or neutropenia. The resection rate, R0 resection
rate, and morbidity of the operation were equivalent in the 2 groups.5
In gastric cancer, trials have demonstrated
that neoadjuvant chemotherapy produces better
outcomes than surgery alone6 and that adjuvant chemotherapy7 or adjuvant radiotherapy 8
produces better outcomes than surgery alone. A
trial comparing these modalities has yet to be
conducted,9 but results are eagerly awaited from
a phase 3 trial that adds neoadjuvant chemoradiation to perioperative chemotherapy.10
“The research is going on to continue that
trend in the surgical management of cancer to
give more and more systemic chemotherapy
prior to surgery rather than after,” Choti said.
“The areas of study now that might continue
that expansion are liver cancer, biliary cancer,
and cholangiocarcinoma, where now there
is research going on as to which patients we
should [give] chemotherapy to prior to surgery.
The standard now for cholangiocarcinoma, if
it’s operable, is still to [perform] surgery first,
just like it was with stomach cancer or pancreatic cancer. There are ongoing studies, and I
wouldn’t be surprised if, within the next year or
two, it becomes standard to consider neoadjuvant
chemotherapy for these other GI cancers.”
The varied nature of GI cancers—a term that
Choti dislikes because the tumor types have
little in common beyond their connection to
some part of the digestive system—has led

Conference Snapshot
7th Annual School of Gastrointestinal
Oncology® (SOGO®) Agenda
Highlights Distinctions in GI Cancers
Discussion led by leading experts in
gastrointestinal (GI) malignancies will chart the
course for the 1-day multidisciplinary meeting
sponsored by Physicians’ Education Resource®,
LLC (PER®). Michael A. Choti, MS, MBA,
FACS; and John L. Marshall, MD, will lead the
hybrid meeting that will branch off into tracks
specifically focusing on the distinct tumor
types within the GI cancer field. In addition
to a review of the latest clinical updates from
meetings such as the 2021 Gastrointestinal
Cancers Symposium, faculty will walk through
patient cases, discuss the increasing role of
biomarkers, and debate offerings in a tumor
board. Additionally, attendees will hear from
Carmen J. Allegra, MD, head of GI Therapeutics
at the National Cancer Institute on updates
from ongoing research at the center. He will
be joined by Karyn A. Goodman, MD, MS,
associate director of clinical research at The
Tisch Cancer Institute and professor and vice
chair for research and quality in the Department
of Radiation Oncology at the Icahn School of
Medicine at Mount Sinai in New York, New York.

Preview of GI Specialty
Tracks and Sessions
• Locoregional GI Cancer Tracks:
• Pancreatic cancer
• Hepatobiliary cancer
• Colorectal cancer
• Gastric and esophageal cancers
• Treatment of Advanced GI Cancer Tracks:
• Colorectal cancer
• Gastric and esophageal cancers
• Hepatobiliary cancer
• Pancreatic cancer
• Plenary Talk: Emerging role of circulating
tumor DNA in GI cancer
• Medical Crossfire®: Immunotherapy
in GI Cancers
• Neuroendocrine Tumors Talk
• Tumor Board

For more information on the
7th Annual SOGO® meeting, scan the
QR code or visit bit.ly/3tUnzzS
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Choti and Marshall to divide the SOGO ® meeting into different tracks: gastric and esophageal,
pancreatic, colorectal, and hepatobiliary. During
part of the day, presentations that focus on
different tumor types will take place simultaneously, and attendees can select the sessions that
interest them most. These specialized presentations will complement talks about broader topics
such as National Cancer Institute (NCI) research
in GI cancer, the emerging role of ctDNA in
GI cancer treatment, and a Medical Crossfire ®
during which investigators will debate the optimal role of immunotherapy in GI cancers.
“In some ways, ‘GI cancers’ is a contrived
term, an artificial amalgamation of very different tumors,” Choti said. “If you ask a patient
about her GI cancer, she’ll look at you like you’ve
made a mistake and say, ‘I don’t have GI cancer.
I have stomach cancer or colon cancer.’ And it’s
not just a problem for patients. It creates challenges with regard to NIH [National Institutes of
Health] funding and cancer center organization
and, for people like John and me, with organizing conferences.”
Choti, who grew up in Southern California
and focused on science courses as an undergraduate at the University of California, Irvine,
decided to become a physician because medicine seemed like the best way to use his love
of science to help people in tangible ways. He
went to medical school at Yale University in
New Haven, Connecticut, before completing his
internship and residency in general surgery at
the University of Pennsylvania in Philadelphia.
After a 2-year fellowship in surgical oncology at
Memorial Sloan Kettering Cancer Center in New
York, New York, Choti went to Johns Hopkins
and stayed in Baltimore for 21 years.
During his tenure, Choti found time to earn a
master’s degree in business administration from
Johns Hopkins University School of Professional
Studies in Business and Education, both to
satisfy his desire to keep learning new things
and to increase his opportunities to assume leadership roles. He became chief of the Division of
Surgical Oncology in Johns Hopkins Department
of Surgery in 2006 and, 2 years later, the
department’s vice chair of clinical affairs and
finance. In 2013, he left Johns Hopkins for UT
Southwestern, and in 2018, he assumed his
current position.

CREATING SYNERGY FROM
BENCH TO BEDSIDE
Even as his leadership responsibilities have
grown, Choti has made time for clinical practice,
and he considers the relationships he has built
with patients over the years among the most
satisfying aspects of his work.
“It’s not just cutting the tumor out and
then having somebody else take care of your
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TA B L E . S e l e ct Ong oi ng Cl i ni cal Tri al s L eve rag i ng c t D NA Ana lysis in GI C a nc ers

Trial name
(ClinicalTrials.gov identifier)

Description

Primary outcome(s)

Target enrollment

COBRA (NCT04068103)

Compare the rate of ctDNA
clearance in patients with
ctDNA-positive disease treated
with or without adjuvant
chemotherapy following
resection of stage IIA colon
cancer

Clearance of ctDNA
Recurrence-free survival

1408

CIRCULATE (NCT04089631)

ctDNA-based decision for the
adjuvant treatment of patients
with stage II colon cancer
screened post operatively

Disease-free survival

4812

ECLIPSE (NCT04136002)

Prospective multisite study
to evaluate the performance
characteristics of the bloodbased ctDNA LUNAR-2 test to
detect colorectal cancer

Sensitivity of colorectal
cancer detection
Specificity of advanced
neoplasia detection

~10,000

IMPROVE-IT2 (NCT04084249)

ctDNA guided post-operative
surveillance vs standard-of-care
CT-scan surveillance in patients
with colon or rectal cancer,
tumor stage III or stage II
high-risk

Fraction of patients with
relapse after receiving
intended curative resection
or local treatment

254

ctDNA, circulating tumor DNA; GI, gastrointestinal.

patients,” Choti said. “There is longitudinal care.
The relationship with patients and families is
terrific, and I really, hugely value that. I may be
somewhat unusual in this respect, but I’m still
in touch with families of patients that have died
from cancer 20 years ago and more. I get cards
all the time, and I’ve not just attended funerals
of my patients but gotten asked to give eulogies
at least half a dozen times. It is a deep and lasting bond, and that bond is really tremendous.”
Choti’s clinical research has primarily focused on 3 main areas: health services
research, image- or robotics-guided surgery, and
molecular genetics.
“I’ve been involved as either coinvestigator or
senior investigator in numerous clinical trials,
including cooperative, NCI-sponsored trials
in clinical health services research. A large
portion of my early career related to innovative
image-guided surgery, computer-guided robotic
surgery, robotics, and things like that. I had
a faculty appointment not only of surgery and
oncology at Hopkins but also of radiology and
engineering, in large part because my research
there partnered with engineers and computer
scientists to develop image-guided, computer-assisted surgical approaches, particularly for liver
cancer,” Choti said, adding that Johns Hopkins
was also a great place to do research in another
area of interest—cancer genetics. “It was fortunate that I was in a place at Johns Hopkins where
really a lot of the key early discoveries in the
molecular genetics of cancer took place. That’s
obviously a huge area of research and discovery
now. And some of the very earliest discoveries

of the clinical utility of this circulating cell-free
DNA were made by the [Bert] Vogelstein team [I
worked with] at Hopkins.”
Because ctDNA remains a major area of
interest, Choti is using his leadership role at
Banner MD Anderson to ensure his organization participates in ongoing clinical trials that
aim to validate ctDNA use not only in diagnosing cancers but in guiding treatment. He
is also giving the presentation on the state of
ctDNA research at SOGO ®, during which he
plans to discuss the few existing uses for ctDNA
assays in clinical practice and new research
that may soon expand their usage across GI
cancer treatment.
Among the emerging uses for ctDNA assays is
the detection of minimal residual disease (MRD)
in early-stage colon cancer (ESCC). The current
treatment strategy for patients with ESCC begins
with surgical resection in all patients and adjuvant chemotherapy to eliminate MRD in patients
deemed at risk of cancer recurrence; however,
the current method of selecting patients for
chemotherapy creates both undertreatment and
overtreatment, and published data from trials
suggest that ctDNA assays could improve the
selection process (TAB L E ).
In a prospective cohort study published in
2019, the tumor-informed safe-sequencing
system (or Safe-SeqS) assay measured ctDNA
in patients with resected, stage II colon cancer.
Among the patients who did not receive adjuvant
chemotherapy (n = 178), postoperative ctDNA
was detected in 7.9% of patients, 79% of whom
CHOTI, CONTINUED ON PAGE 36 

SAVE THE DATE!

This activity has
been approved for
7.0 AMA PRA
Category 1
Credits™.

Multidisciplinary
Approach
GI Cancer Education
IN PERSON
ANDtoVIRTUALLY
SATURDAY, MARCH 26, 2022
Hilton Washington DC National Mall The Wharf

1-day multitrack educational conference
Revolutionizing the presentation
of emerging therapies and
evolving standards of care in the
management of patients with
gastrointestinal (GI) cancers

PROGRAM CO-CHAIRS

John L. Marshall, MD

Chief, Division of Hematology/Oncology
Medstar Georgetown University Hospital
Director, The Ruesch Center for the Cure of
Gastrointestinal Cancers
Washington, DC

Michael A. Choti, MD

Chief of Surgery
Banner MD Anderson Cancer Center
Gilbert, AZ

Scan with smartphone
for more information

View this year’s agenda and register today at

gotoper.com/go/SOGO 2 0 2 2

SAFETY PRECAUTIONS/PERSONAL ACCOUNTABILITY COMMITMENT
Physicians’ Education Resource®’s (PER®’s) top priority is the safety and security of our attendees, faculty, staff, and operational personnel. As we develop the programming for the 7th Annual School of
Gastrointestinal Oncology ® (SOGO®), PER® is working diligently to implement health and safety protocols based on the advice of health experts and the latest guidelines and local regulations to mitigate the risk
of exposure to COVID-19 and to optimize health and safety conditions for attendees during the event. Despite the protocols we have put in place, no precautions can completely eliminate the risk of exposure to
COVID-19 or other airborne illness. Attendance at any public event increases the risk of contracting COVID-19 or other airborne illness. Attendees assume all risk associated with attendance. Any attendees who
test positive for COVID-19 within 14 days of the event, or feel ill, regardless of their symptoms, should not attend this event. Personal Accountability Commitment: By attending this Physicians’ Education Resource®
program, you agree to abide by and engage in certain health and safety beneficial conduct while attending the event.

GI Cancer
 CHOTI, CONTINUED FROM PAGE 34

experienced disease recurrence at a median
follow-up of 27 months. Among patients with
negative results on the ctDNA assay, however,
only 9.8% had cancer recurrence (HR, 18; 95% CI,
7.9-40; P < .001). Postoperative ctDNA status was
the strongest independent predictor of relapsefree survival, both for patients who did not
receive chemotherapy (HR, 28; 95% CI, 11-68)
and in the general patient population (HR, 14;
95% CI, 6.8-28).11
Subsequent studies have published similar
results. A study reported in 2021, for example,
found that postoperative ctDNA assays could
be successfully used to stratify 218 patients
with stages I to III colon cancer into high- and
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low-risk groups. Among the 9.17% of patients
who were MRD positive after their operations,
75% relapsed, but only 13.6% of patients with
MRD negativity relapsed. A positive postoperative ctDNA test was highly associated with a
recurrence (HR, 11.0; 95% CI, 5.9-21; P < .0001).
Also, among patients who received adjuvant chemotherapy, a positive ctDNA test after
completion of treatment was associated with a
recurrence rate of 83.3%, whereas a negative
ctDNA test after chemotherapy was associated
with a 12.5% recurrence rate (HR 12, 95% CI,
4.9-27; P < .0001).12
“There are already some areas where ctDNA
is currently being used and that insurance
is paying for. It’s limited now, but it’s rapidly
evolving,” Choti said. “I think ctDNA is going
to be increasingly useful across the board. It
will expand not just for diagnosis but to evaluate the response to therapy, the management of
therapy, and whether to give further treatment
after surgery…. To give an example, let’s say a
patient has advanced cancer, and they’re getting
chemotherapy. Right now, we give chemotherapy for a month or two and see if the spots
shrink on scans. With ctDNA, in theory, you can
give one dose of chemotherapy and literally see
the next day—or in a week at most—whether the
burden of mutation goes down, so you can then
more nimbly adjust and determine if that therapy is working.”
Another use for ctDNA that Choti thinks
likely is regular blood tests that would be taken
during normal physicals, with the results used
to find any type of cancer anywhere in the body.
“There are a lot of challenges you can imagine
with that,” Choti said. “Say the test [results indicate] that a patient has mutated cancer DNA in
the bloodstream, and you’re scanning the whole
body, and you can’t find it. On the other hand, it
could lead to much earlier cancer diagnoses for a
large number of patients.”
Another area of research that Choti thinks
may improve outcomes for patients with GI
cancers and other tumor types—one that he is
pursuing at Banner MD Anderson—is research
into what’s known as prehabilitation: creating
diet and exercise programs to make patients
stronger before they begin cancer treatment.
“We’re not trying to create marathon runners
here, but we’re trying to get that 95-year-old
[patient] who’s using a walker in shape during
chemotherapy so she’s better able to tolerate
surgery,” Choti explained, adding that prehabilitation also includes psychosocial work to
help patients deal with the stress of receiving
a cancer diagnosis. “The research is looking at blood markers and muscle mass and all
kinds of biologic factors, but the real purpose
is to develop a program where we can optimize
patients—physically, mentally, nutritionally,

and otherwise—before they undergo the most
stressful parts of treatment…. I’m happy to be
in a leadership position where I can leverage
this huge health system to help move the ball
forward in areas like this.” ■
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New, Updated Data Demonstrate Promising Future
in Advanced Melanoma
by JACKIE COLLINS

in patients receiving nivolumab (Opdivo) vs
41.2% (n = 453; 95% CI, 36.4%-45.9%) in the
on Immunotherapies in Cancer : Focus on
ipilimumab group (HR, 0.72; 95% CI, 0.6-0.86;
Practice-Changing Application, Jeffrey S. Weber,
P = .0003) in patients with stage IIIB or IIIC or
MD, PhD, presented findings from trials that
stage IV melanoma. The median follow-up was
have expanded the treatment options for patients
51.1 months with nivolumab and 50.9 months
with melanoma.
with ipilimumab.3
Notably, outcomes of the KEYNOTE-716 trial
(NCT03553836) prove that at a median follow-up
In CheckMate 067 (NCT01844505), treatof 14.4 months, pembrolizumab
ment with nivolumab plus ipilimumab
(Keytruda; n = 487) significantly
(n = 314) elicited a median OS of
prolonged recurrence-free survival
72.1 months vs 36.9 months with
(RFS) vs placebo (n = 489; HR, 0.65;
nivolumab alone (n = 316), and 19.9
95% CI, 0.46-0.92; P = .00658) in patients
months with ipilimumab alone (n = 315)
with stage IIB (n = 624) and IIC (n = 339)
in patients with untreated, unresectmelanoma. Specifically, 54 patients
able stage III or stage IV melanoma. The
(11.1%) vs 82 patients (16.8%) had
minimum follow-up was 6.5 years.4
a recurrence with almost halving
Additionally, findings from the
Jeffrey S. Weber,
of distant recurrence events in the
RELATIVITY-047 study (NCT03470922)
MD, PhD
pembrolizumab (n = 23; 4.7%) vs placebo
show that median progression-free
(n = 38; 7.7%) group. The 12-month RFS rate
survival (PFS) with relatlimab plus nivolumab
was 90.5% and 83.1%, respectively.1
was 10.1 months (n = 355; 95% CI, 6.4-15.7), which
was significantly longer than that in the nivolumInvestigators also presented findings from the
ab-alone group, at 4.6 months (n = 359; 95% CI,
KEYNOTE-029 trial (NCT02089685). At a median
3.4-5.6), in patients with previously untreated
follow-up of 36.8 months, overall survival (OS)
advanced melanoma (HR, 0.75; 95% CI, 0.6-0.9;
with pembrolizumab plus ipilimumab (Yervoy)
P = .0055).5 The median follow-up was 13.2
was not reached in patients with advanced
melanoma (n = 153); the 36-month survival
months (TAB L E ).1-5
2
rate was 73.4%.
“There will continue to be progress in the melanoma
field,” Weber said. “Anyone who thinks the
Additionally, data from the CheckMate 238
melanoma problem is licked should take another
trial (NCT02388906) demonstrated a 4-year
look; that is not the case. We continue to see
RFS of 51.7% (n = 453; 95% CI, 46.8%-56.3%)
®
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patients with bad disease. We’ve come a long way,
but there’s [still] a long way.”
In an interview with OncologyLive®, Weber,
deputy director of the Laura and Isaac Perlmutter
Cancer Center at NYU Langone Medical Center
in New York, New York, gave an overview of
the successes made in the melanoma setting
over the past decade and the challenges to overcome in the future.

Please provide an overview of the
current clinical trial landscape for
melanoma therapies.

Q

Most of the news in melanoma in advanced
disease relates to a few recently mature trials and
some updates on older trials.
For example, we recently heard good news
about the KEYNOTE-716 trial, which was a large
randomized trial, and now for the first time,
[there is] adjuvant treatment for patients with
stage IIB and IIC resected melanoma. The initial
data were presented at [the European Society for
Medical Oncology Congress 2021 (ESMO)] and
then updated at [the 2021 Society for Melanoma
Research Congress (SMR)], and clearly there’s
a significant difference in the RFS in the
overall group.
[We] found that the hazard ratio got better; if
the initial hazard ratio was 0.65, then it dropped
to 0.61. So as the data matured, the difference
in RFS between the pembrolizumab arm and the
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placebo arm for the [patients with] stage IIB and
IIC [disease] only got better.
The initial concern about the [patients with]
IIC [disease] not having that much of a difference between the 2 arms was allayed somewhat
as the curves began to widen out, so that was
reassuring. At SMR, for the first time we heard
about the quality-of-life information, and it
looked encouraging. I suspect that will eventually get approved and we will have a new
element in the armamentarium for resected
high-risk melanoma.
We also have heard about updates on the
CheckMate 238 trial—a trial that I was the
[primary investigator] on—which was the original
trial of nivolumab and ipilimumab for resected
stage IIIB, IIIC, and IV melanoma. And again,
finally we have reached the median RFS; it is
about 5 years, which is impressive. Go back 10
years, and the median RFS in high-risk melanoma
was more like 2.0 or 2.5 years; now, it is doubled.
In the metastatic mode, we had updates from the
CheckMate 067 study; it is the study that keeps on
giving. There is 7-plus years of data. In that study,
the classic 3-arm study of [nivolumab plus ipilimumab] vs nivolumab alone vs ipilimumab alone,
we are finally at 72 months at a median survival.
Ten years ago, the median survival in melanoma
was, on a good day, maybe 1 year, maybe even
less. Now we are at a 6-month median survival
for a large group of patients who get ipilimumab
and nivolumab, and that is impressive. Those data
provide encouraging news to us.
We also heard updates on the KEYNOTE-029
trial. It was similar [to CheckMate], but it looked
at pembrolizumab [in combination with] ipilimumab, and they flipped the doses around. In that
study, depending on whether you gave ipilimumab every 6 weeks or even every 12 weeks, the
OS between 3 to 5 years looked good.
The RELATIVITY-047 study was a new study
that was presented first at [the 2021 American
Society of Clinical Oncology Annual Meeting]
and then updated at ESMO, suggesting that the
combination of relatlimab with nivolumab had
clearly superior PFS to nivolumab alone. We have
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KEYNOTE-716 (NCT03553836)
12-month RFS

Pembrolizumab (n = 487)

Placebo (n = 489)

90.5%

83.1%
HR, 0.65; 95% CI, 0.46-0.92; P = .00658

CheckMate 238 (NCT02388906)
4-year RFS

Nivolumab (n = 453)

Ipilimumab (n = 453)

51.7%

41.2%
HR, 0.72; 95% CI, 0.6-0.86; P = .0003

CheckMate 067 (NCT01844505)
OS, months

Nivolumab plus ipilimumab
(n = 314)

Nivolumab (n = 316)

Ipilimumab (n = 315)

72.1

36.9

19.9

KEYNOTE-029 (NCT02089685)

Pembrolizumab plus ipilimumab (n = 153)

OS, months
RELATIVITY-047 (NCT03470922)
PFS, months

NR
Relatlimab plus nivolumab
(n = 355)

Nivolumab (n = 359)

10.1

4.6
HR, 0.75; 95% CI, 0.6-0.9; P = .0055

NR, not reached; OS, overall survival; PFS, progression-free survival; RFS, recurrence-free survival.

not heard much about response rate or OS yet.
But the data looked good, and the primary end
point for the FDA was PFS. I think there are high
hopes that when that PDUFA [Prescription Drug
User Fee Act] date comes by, we are going to see
an approval for that regimen.
[There are] nice data, all in all, in the advanced
melanoma setting. [There are] some new data,
some nice updates on old data. And we continue to
do well with our patients. Thinking about median
survivals and median RFS in the current era
compared to what it was like 10 years ago, [there
is] just a phenomenal improvement over time. It
is not like we are putting ourselves out of work
anytime soon, but we have made a lot of progress.

Q

Have there been any recent trials in
melanoma with negative outcomes?

There was a negative trial, the MASTERKEY-265
trial [KEYNOTE-034; NCT02263508], of pembrolizumab plus talimogene laherparepvec [Imlygic]
vs pembrolizumab alone, which was absolutely,
unequivocally dead negative. The curves overlapped more than any other study I have ever seen
for PFS and OS at 1 year, 2 years, and 2 years plus.

Q

What notable ongoing studies should
physicians look out for?

[There are] some earlier phase 2 studies—one
of which I presented recently at ESMO of ipilimumab and nivolumab at flipped doses with
tocilizumab [Actemra], an IL-6 blocking antibody [NCT03999749]—suggesting we had a nice
response rate in the range of 58% and a low rate of
toxicity in a trial that was designed to reduce the
adverse effects by blocking IL-6–signaling. [There
were] only 29 patients, but we are going to hear
more about that.
The updated phase 2 trial [NCT03645928] data
on tumor-infiltrating lymphocytes with high-dose
IL-2 from Iovance [Biotherapeutics] is a study that
is well along in its follow-up, confirming a 36%
[or more] response rate with, interestingly, 17% of
patients having further reduction more than 6 to
12 months after the response. [There is] a waterfall plot that looks impressive, with 81% of the
patients having some reduction in tumor burden.
We have an ongoing adjuvant study [PIVOT12] with bempegaldesleukin plus nivolumab vs
nivolumab alone [NCT04410445]. Nivolumab is
the standard control arm; it is the established

“[There are] nice data, all in all, in the advanced melanoma setting.
[There are] some new data, some nice updates on old data. And we
continue to do well with our patients. Thinking about median survival
and median recurrence-free survival in the current era compared
with what it was like 10 years ago, [there is] just a phenomenal
improvement over time. It is not like we are putting ourselves out of
work anytime soon, but we have made a lot of progress.”
— JEFFREY S. WEBER, MD, PhD
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therapy that we have high hopes for. We have
a metastatic frontline trial [NCT03635983] of
the same drugs, nivolumab plus bempegaldesleukin vs nivolumab alone that should read out
early in the year.
If those studies are positive, that will add yet
drug another pegylated IL-2 molecule to the armamentarium. We know that IL-2 can be an effective
drug for melanoma. It was approved in 1998;
it is rarely used because at the approved dose,
it is toxic. But now we have probably 7 different modified IL-2 products being tested, and
bempegaldesleukin is probably furthest along.

Q

What are the unmet needs that still
need to be addressed?

We have a 50% median survival at 6 years
with [nivolumab plus ipilimumab]; that means
half the patients are going to die. Anyone who
does not think that half the patients needing
further therapy is not an unmet need needs

ICIC 2021

to take another look. Anybody who thinks
that the melanoma problem is licked needs to
take another look.
We still have 1 approved therapy for ocular
melanoma, the IMCgp100 drug [tebentafusp]. But
when you look at the survival data, there is room
for improvement. There is no other drug or drugs
that work in ocular melanoma once it spreads; we
have no adjuvant data for ocular melanoma.
Mucosal melanoma remains an area of some
unmet need because [nivolumab plus ipilimumab] does not work as well in mucosal
melanoma compared with cutaneous. The majority of unknown-origin melanomas are probably
cutaneous based on their genomic profile, but
you have a group of maybe 5% of patients who
have disease that is mucosal or ocular in origin
or acrolentiginous, and they have few mutations,
and they have low mutational burden, and do
not respond as well to immunotherapy. That is a
huge area of unmet need, no question. ■
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Immunotherapy Outcomes in HPV-Associated Head
and Neck Cancer Fuel Investigative Efforts
by MAGGIE TIBBITT

PROMISING DATA FROM STUDIES eval-

those who received nivolumab, 64 patients had
HPV-positive disease and 56 had HPV-negative
uating immunotherapy for patients with head
disease. In the investigator’s choice arm, 29 and
and neck cancers associated with human papil37 patients had HPV-positive and HPV-negative
loma virus (HPV) have helped to widen the
disease, respectively.
treatment landscape. However, many cliniAt 2-year follow-up, the median OS
cal questions remain unanswered as
was 9.1 months (95% CI, 6.5-11.8) with
to the appropriate sequencing for the
nivolumab vs 4.4 months (95% CI,
trials. Additionally, investigators have
3.3-9.8) with investigator’s choice in the
looked to the success in this patient
HPV-positive population (HR, 0.60; 95%
population to develop a model for other
CI, 0.37-0.97). In the HPV-negative popuHPV-associated cancers, according to
lation, the median OS was 7.7 months
Robert L. Ferris, MD, PhD.
(95% CI, 4.8-13.0) with nivolumab
Key clinical insights derived from
vs 6.5 months (95% CI, 3.9-8.7) with
pivotal trials have provided a founRobert L. Ferris,
investigator’s choice (HR, 0.59; 95%
dation of information regarding the
MD, PhD
CI, 0.38-0.92).1
biology of HPV-positive cancers. For
example, Ferris referenced data from the phase
Although a benefit was observed with the PD-L1
3 CheckMate 141 trial (NCT02105636). The
inhibitor, Ferris noted that efforts, either through
trial was designed to evaluate the efficacy of
combination therapy or proper sequencing among
nivolumab (Opdivo) in patients with head and
this population, are needed to maximize success.
neck cancer. Investigators observed a median
“If the PD-1 pathway is not the primary suppresoverall survival (OS), which was approxisive mechanism in [a particular patient], we need
mately the same for patients with HPV-positive
to [identify other ways] to personalize treatment,”
disease and HPV-negative disease. However, the
Ferris said in an interview with OncLive® ahead
responses were deeper and more quickly achieved
of the 6th Annual International Congress on
in patients who were HPV positive.
Immunotherapies in Cancer ®: Focus on PracticeInvestigators enrolled patients with squaChanging Application. “There are individuals
mous cell carcinoma of the head and neck, who
who are cured, remarkably, by PD-1 monotherapy.
were randomized to nivolumab (n = 240) or inves[However,] this tends to be a minority [of approxitigator’s choice of therapy (n = 121). Among
mately] 10% to 15% of patients. For the [remaining
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patients in] the vast majority, what combination do they need? How can we rationally design
those combinations?”
Ferris, director of University of Pittsburgh
Medical Center Hillman Cancer Center, professor of oncology, otolaryngology, immunology, and
radiation oncology, discussed the current standard of care for patients with head and neck
cancer, the role of HPV in treatment decisions,
and the need to personalize therapy for patients.

Q

Please expand on the incidence of
HPV-related malignancies.

We know HPV can cause cancers in the anal/
genital area, the cervix, the anus, the vulva,
[and] in the head and neck—particularly in the
tonsil or the base of the tongue. HPV-related
[head and neck] cancer has been rising dramatically. Most people think of HPV-related
cancers as cervical cancer, but a few years ago,
HPV-associated head and neck cancer in the
oropharynx overtook cervical cancer in [the
highest] number of cases occurring per year
in North America. [Therefore], the head-neck
subsite of HPV-related cancers is a [significant]
clinical problem that happens to be my area of
specialty as a head and neck surgeon.
[As a] cancer immunologist and an HPV
biologist, [my focus is on] immune response.
[Specifically,] I focused heavily on head and neck
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cancer, given that incidence has been rising at a
rate of 5% per year for a few decades. It has now
gone up 300%, so I thought that would be interesting as a model for HPV-related cancers.
[There is a] role for immunotherapy, not only
in head and neck cancer specific to anti-HPV
immunity, but also in cervical cancer, [such as]
anti–PD-1 immunotherapy, anti–CTLA-4, and
combination [that] are used as immuno-oncology agents. [These therapies], for HPV-related
head and neck [and] cervical cancer, are particularly useful in the preoperative neoadjuvant
window—4 to 6 weeks before surgery—where
1 can get a biopsy because of the accessibility
through natural orifices.
We can get to the cervix, [or] the anal cancer,
or tonsil and pharynx cancer through the mouth
[to] get baseline tissue before immunotherapy,
then put the patient on a 4-to-6-week treatment
course. At the time of surgical resection, [we
are] able to get posttreatment tissue to examine
the tumor microenvironment after a 4-to-6week window. Then we can separate patients
by response and [determine whether a] patient
is a responder or a nonresponder, [which is] the
key. Because HPV-related cancers occur in these
natural orifice locations, we can look at whether
HPV-specific immune responses are altered [in]
a responder or a nonresponder.
Although patients with HPV-associated
cancers respond to immunotherapy, we don’t
know [whether] that’s because of an antiviral
response or some other antigen that the immune
system is reacting to in the tumor. Sometimes
there are DNA alterations separate from the
virus, which is a nonself antigen. [Our bodies]
respond to viruses all the time as we’ve learned
through the pandemic.
Cellular immunotherapies, using tumor infiltrating lymphocytes that you can isolate from
a resected cancer specimen [are another promising therapy]. For example, T-cell receptor
transduction, where an HPV-specific T-cell
receptor [is added] into the cellular therapeutic, [which is] expanded outside the body in one
of our [Good Manufacturing Practices]–clean
rooms. [Next, with] an FDA-approved regimen,
you take a million cells and expand them into a
billion, all of them expressing an HPV-specific
T-cell receptor, and then transfer those cells
back as a living therapy.
[The engineered cells are similar to chimeric antigen receptor (CAR)] T cells, but instead
of the CAR, it’s a T-cell receptor specific for the
HPV antigen. Typically, [it is] one of the oncogenes—E6 or E7. [These cells] cross different
tumor locations because they target HPV wherever it may occur. [Data from] clinical trials at
the [National Cancer Institute] and elsewhere
are showing good responses in patients who are
refractory to anti–PD-1 immunotherapies.
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Regarding head and neck cancer,
how has treatment evolved for
HPV-related disease?

Q

Back in the 1970s or 1980s, HPV-related head
and neck cancers [accounted for approximately]
15% to 20% [of all head and neck cancers], but
now it’s [approximately] 50%. Now, when we
treat head and neck cancers, approximately half
are HPV-related and half are HPV-unrelated and
caused by tobacco carcinogen exposure.
There is a subset of [patients who fall into]
an intermediate-risk group of HPV-related head
and neck cancers [who] tend to do better [with]
conventional therapies, [such as] chemotherapy,
radiation, and surgery. Yet, some of the patients
with HPV-related head and neck cancer also
smoke, so I don’t want to distinguish [patients
as] universally smoking or HPV, [because] there
are some intermediate-risk factor populations.
Nonetheless, what we’ve learned with immunotherapy is that OS tends to be about the
same for [patients who are] HPV-positive and
HPV-negative, but the response is deeper and
quicker [in patients who are] HPV-positive. [This
is] probably because [they] have viral nonself
antigens that the immune system has generated a T-cell response to, and then the tumor has
escaped, whether that’s through the PD-1 pathway or some other suppressive mechanism.
For patients with the HPV-unrelated head and
neck cancers, eventually [they] get the same OS
with anti–PD-1, but it takes longer. In the phase
3 CheckMate 141 trial I led, the curves separate
for patients treated with PD-1 within a month
or 2 in the HPV-positive patients, [but] it’s more
like 6 to 8 months in the HPV-negative [population]. It takes a little time to generate a priming
event for the immune system and generate antitumor activity against the more HPV-unrelated
antigens, probably [because of] mutations and
smoking exposure.
The response is less frequent, early on, and
less rapid with HPV-negative [disease], but eventually they catch up. The OS in CheckMate 141
showed a hazard ratio of 0.59 [for patients with
HPV-negative disease] vs 0.6 [for those with
HPV-positive disease], so a 39% to 40% reduction
in risk of death.1

What are some of the sequencing
hurdles that exist in the treatment
landscape for this patient population?

Q

We now have FDA approval for anti–PD-1 monotherapy in second line, or with chemotherapy
in first line for recurrent metastatic [head and
neck cancer]. PD-1 therapy, anti–PD-1 antibodies,
nivolumab, and pembrolizumab [Keytruda] are
approved for [patients with] recurrent and metastatic disease. The next frontier is previously
untreated, locally advanced disease, which is
how [approximately] 75% of patients present.

This is the real frontier, because these patients
are curable. The question is, can we add immunotherapy on top of standard of care? [One
standard of care is] surgery, usually with a transoral robotic procedure, which was approved by
the FDA in 2009. [Now, we are asking whether]
we can add immunotherapy on top of standard
postoperative radiation with or without chemotherapy. Or, with a nonsurgical standard-of-care
approach, can we add immunotherapy to highdose cisplatin chemotherapy and radiation?
Unfortunately, results of the randomized
phase 3 JAVELIN Bladder 100 trial
[NCT02603432], which was presented at [the
European Society for Medical Oncology Annual
Congress] 2021, were negative when we added
the antibody avelumab [Bavencio], a PD-L1
specific antibody, [to chemoradiation]. [The study
was conducted in patients with] high-risk head
and neck cancers that were locally advanced and
previously untreated. This included those with
both HPV-negative and HPV-positive disease,
smokers, and [patients] with bulky tumor
burden [who were considered] intermediate risk.
When avelumab was added to chemoradiation, the sequence was avelumab first, then
concurrent [avelumab] during chemoradiation,
[followed by] a year of maintenance or adjuvant avelumab. There was no survival benefit,
either progression-free survival or OS. That’s
unexplained, so we don’t know why. It could
be biology, meaning anti–PDL-1 was negatively
affecting the treatment or the chemoradiation
was reducing the efficacy of the immunotherapy.
There are some other [ongoing] developmental
trials ongoing where we separate the chemoradiation from the immunotherapy to see [whether]
we can harness the benefits of both, which we’ve
seen independently, but for some reason did not
see additive benefit when they were combined.
That’s where the field is going. Additional
trials in the coming year or 2 will report
out to validate the use of pembrolizumab.
[This includes data from] KEYNOTE-412
[NCT03040999], [looking at whether] there is
benefit when you add concurrent immunooncology to chemoradiation. Other trials [with]
chemoradiation first, then separately, sequentially give 1 year of immuno-oncology therapy.
We anxiously await those results.

What are the current challenges
and unmet needs for patients in
this paradigm?

Q

Like other tumor types, we’re gratified that
immuno-oncology agents—particularly the PD-1
inhibitors and more recently PD-1 plus CTLA-4—
benefit a subset of patients, but we don’t know
how to select those patients. We don’t know
how to personalize immunotherapy. The preoperative neoadjuvant trials give us an early
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response assessment and the ability to identify the responders to monotherapy so we can
add other agents.
[Determining the proper sequence of] neoadjuvant therapies with multiple off-the-shelf agents
that can be added on is where the field needs to
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go. It would be ideal to figure this out at baseline,
but sometimes we have to treat with monotherapy and then have a biomarker signal that tells us
to add in another combination targeted agent to
maximize efficacy for this exciting new class and
new modality of therapies. ■
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Treatment Snapshot: Effective irAE Management
Requires a Carefully Trained Eye
by KYLE DOHERTY

AS THE ROLE OF immunotherapy in cancer

TA B L E . C h emoth er a py Vs I C I Adver s e Events 1

care continues to rapidly grow, the ability of cliniChemotherapy
cians to identify and manage immune-related
Generally occur during treatment
adverse events (irAEs) is essential to ensurHigh-grade fatigue is common and results in lifestyle changes
ing safe and effective treatment of patients with
and time off work
cancer. “There are a number of things to rememIncreased infection risk including febrile neutropenia
ber about the management of irAEs,” said Mario
®
Sznol, MD, in an interview with OncologyLive
Alopecia possible
ahead of the 6th Annual International Congress on
No risk of immune-related adverse effects
Immunotherapies in Cancer ®: Focus on PracticeICI, immune-checkpoint inhibitor.
Changing Application. “First, you [must] be aware
that [irAEs] can occur at any time and can affect
any organ system. You [also] need to have very
close communication with the patients. Those are
arise from chemotherapy or other therapies such
the basic principles.”
as tyrosine kinase inhibitors, can be a challenge
Sznol, who served as cochair of the meetfaced in the clinic (TAB L E 1).
ing, hosted by Physicians’ Education Resource®,
LLC, (PER®), said one of the cornerstones of
“There are lots of issues [clinicians should be
aware of],” said Sznol, who is a professor of medisuccess with immunotherapy is familiarity and
cine at Yale School of Medicine, coleader of cancer
comfort with the agents in the clinic. “We want
immunology, and codirector of the Yale SPORE
to know how to apply these agents within the
in Skin Cancer at Yale Cancer Center in
overall context of management of the
New Haven, Connecticut. “What are the
disease,” he said.
potential outcomes you could expect?
Imunne-related AEs most commonly
How do they add to the management of
affect the gastrointestinal (GI) system,
these diseases? When you run into toxicskin, and endocrine system.1 The most
ity, how do you manage it?”
important factors to mitigate irAEs are
Multidisciplinary teams, includearly recognition and administration of
ing pharmacists and nurses, should
treatment. “There are 2 primary ways
be consulted at the start of treatof managing these AEs: supportive care
Mario Sznol, MD
ment, including consultations with
and immunosuppressive agents. The
practitioners in relevant specialties, such as
key is recognizing them early, knowing when to
dermatology and endocrinology.1 At onset, the
treat [them], and knowing how to treat [them],”
Sznol said. “[In many cases] it’s easier to manage
diagnosis of an irAE should include the estaban irAE than it is to manage chemotherapy-relishment of grade, which will guide further
lated toxicity. It’s a matter of recognizing that you
treatment. For example, patients with grade 1
have an event in front of you and that you need to
irAEs may continue therapy with close monitoring
treat it correctly.”
whereas those with grade 4 irAEs—not including
Several questions are top of mind for inteendocrinopathy—should discontinue treatment.
grating immunotherapy for patients, including
High-dose corticosteroids are a mainstay of treatidentifying the appropriate timing of introducment regarding severe and life-threatening irAEs
ing an immune inhibitor and whether it should be
and should be administered for those with grade
administered in combination with chemotherapy.
2 and grade 3 events until measurable improveAdditionally, distinguishing irAEs from AEs that
ment is documented.2,3
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ICIs
Can occur at any time
High-grade fatigue is uncommon
No increased infection risk with generally
low myelosuppression
No risk of alopecia
Delayed onset and longer duration

“What we really want to do is educate people
on how to use immune therapies, not just
immune checkpoint inhibitors,” he said. In a
snapshot of his discussion at the meeting,
Sznol addressed the 3 top concerns facing
oncologists as immunotherapy extends its
reach across malignancies and pointed to
areas where improved knowledge can benefit patient care.

What are some of the most common
irAEs associated with immunotherapy
and what are the best practices in terms
of management?

1.

The most common irAE we see is skin toxicity—really, a rash—and it’s generally managed
with topical steroids. Rarely [do patients present with] severe skin toxicities that require
systemic steroids. It’s very unusual. Very
rarely you see [a patient with] Stevens-Johnson
syndrome, which can be life-threatening.
The second most common irAE is related to
GI inflammation—usually colitis—but GI toxicity can affect any part of the GI system. It could
be upper GI or lower GI, with the most common
lower GI symptom [being] diarrhea. It’s something that you must be aware of and you [must]
manage correctly. There are cases of very mild
GI toxicity you can manage with observation
and supportive care. Patients with grade 3/4
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toxicity will need steroids, and sometimes they
need hospital admission.
The third most common toxicity is liver toxicity,
[specifically] transaminitis. Again, you [must] be
aware of it and manage it correctly. It usually can
just be managed with steroids and [may] occasionally require a secondary immunosuppressive,
[such as] mycophenolate.
Another common toxicity [includes] endocrinopathies. One must be aware of things [such
as] hypothyroidism and pituitary insufficiency
[and know] to use hormone replacement in those
patients. Pituitary insufficiency and adrenal
insufficiency can be life-threatening if you do
not recognize them and [administer] replacement
steroids. These are very common toxicities, [that
are] easily seen and easily recognized if you’re
aware of them.
The only problem is that there are other rarer
toxicities that can also be very concerning if
you don’t recognize and treat them correctly.
Something like pneumonitis, myocarditis, or
diabetes mellitus can be induced by these drugs.
There are [several] rare [and] severe toxicities
[but] they can be managed if they’re recognized
early and treated correctly.

What are some unmet needs that
need to be addressed concerning
treatment approaches of irAEs associated
with immunotherapy?

2.

There are lots of questions about mechanisms,
how to best manage toxicities, and, specifically,
how to be able to treat the toxicities without
blocking the antitumor effects of the immune
checkpoint inhibitors. In patients who need
continued treatment, how do you give the immune
checkpoint inhibitor and still manage the toxicity
at the same time?
The common practice is to give steroids first.
If steroids don’t work, [then] we give secondary
immunosuppressants, [but] there are questions,
[such as: In patients with] colitis, should we be
going straight to infliximab [Remicade] or to
vedolizumab [Entyvio] instead of using steroids,
or use steroid-bearing approaches?
We also don’t know how to manage some of the
more severe irAEs, [such as] neurologic toxicity.
We can use steroids, but do you need intravenous immunoglobulin? What about patients who
develop myocarditis? Do you give them highdose methylprednisolone, or are there other
approaches that might be more effective?

There are other kinds of toxicities we see in
the clinic that are dose-limiting and difficult to
treat. For example, for individuals who develop
[severe] arthralgia, you must take them off study
and sometimes off drug. You must give them
steroids, and sometimes you [must] give them
secondary immunosuppressives. If we had a way
to treat arthralgia and not block the effects of
the immune checkpoint inhibitors, that would be
a huge advance.

Q

What is an important unanswered
clinical question in immunotherapy?

There are a lot of unmet needs and a lot we don’t
know. For example, we don’t know how to predict
which patients will develop severe toxicity. Many
[investigators] are looking into this, but there’s
really still no good predictive biomarker that will
say, “This is a patient who is at risk for severe
grade 3 toxicity.” There are some interesting
things that have been published, but I don’t
believe [there’s] anything that can be readily used
in clinical practice. ■
For a full list of references,
see the article at
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Novel Oncolytic Immunotherapy Aims
to Address Unmet Therapeutic Need
for Anti–PD-1 Refractory Tumors
by BRITTANY LOVELY

ADVANCEMENTS IN THE understanding and

consisting of the R-peptide of the envelope glycoprotein encoded by gibbon ape leukemia virus
development of oncolytic viruses have allowed
(GALV-GP-R-) and granulocyte-macrophage
investigators to leverage the therapeutic pathway to optimize outcomes for patients who
colony-stimulating factor (GM-CSF) to directly
experience disease progression following anti–
destroy tumors and to generate an antitumor
PD-1 therapy. Engineering viruses, such as the
immune response.2,3
herpes simplex virus type 1 (HSV-1), to stim“[RP1] is a live herpes virus that’s been
ulate immune response have been an area of
genetically engineered to GM-CSF [and] it’s a
investigation for over a decade and
little different than the current virus
have displayed efficacy with a tolerathat exists in our FDA pool, T-VEC,”
ble safety profile across tumor types;
Mohammed M. Milhem, MBBS, said in
however, only 1 has been granted
an interview with OncologyLive ®. “It’s
approval in melanoma.1,2
more potent, has more replication, it
might cause more fusion with the
Initially approved by the FDA in
cells as they bombard each other.”
2015, talimogene laherparepvec (T-VEC;
RP1 is designed to make GM-CSF, a
Imlygic) became the first HSV-1–
beacon
for white cells—T cells, B cells,
based oncolytic virus for the local
Mohammed M.
macrophages—to congregate in the area
treatment of unresectable cutaneMilhem, MBBS
and present the tumor antigens to the
ous, subcutaneous, and nodal lesion in
immune system, said Milhem who is the Holden
patients with melanoma recurrent after initial
Chair of Experimental Therapeutics; associate
surgery.1 Building on the success of T-VEC as
director of the clinical research and melanoma
a single agent and in combination, investigaprogram at Holden Comprehensive
tors have taken strides to genetically engineer
Cancer Center; director of the Division of
novel oncolytic immunotherapies that synerHematology, Oncology, and Blood & Marrow
gize with existing immunotherapies to maximize
Transplantation; and a clinical professor
antitumor response.
of internal medicine at the University of
Vusolimogene oderparepvec (RP1) leverages
Iowa in Iowa City.
an engineered HSV-1 backbone with a payload

LEVERAGING ONCOLYTIC
VIRUSES IN IGNYTE
Because oncolytic viruses preferentially replicate in tumors compared with normal tissue, the
antitumor response instigated by the mechanism
of action from RP1, which can help to change
immunologically cold tumors to hot tumors.4,5
Specifically, with RP1, cell-to-cell fusions
increased by GALV-GP-R- expression results in
tumor cell death and increased immunogenicity of cell death, whereas GM-CSF expression
causes the proliferation and activation of antigen-presenting cells.5 These changes in the tumor
microenvironment have demonstrated improved
outcomes in patients with solid tumors who
received RP1 as monotherapy and in combination
with immune checkpoint blockade.
Investigators in the phase 2 IGNYTE trial
(NCT03767348) are seeking to further understand
the safety and tolerability of RP1 as well as its
synergistic efficacy with nivolumab (Opdivo) in
patients with advanced or metastatic nonneurological solid tumors.6
“In the field of immune therapy, when you
see the drugs that work the best fail, the space
becomes incredibly narrow,” Milhem said. “[The]
problem right now is [a lack of treatments for]
patients who [progress after] receiving anti–PD-1

FIGUR E. O n c olyt i c I m m un othe r apy fo r A n t i – PD-1 Ref r a ctor y S olid Tumor s 6

IGNYTE (NCT03767348)

End points
Eligibility criteria
• E COG performance status 0-1
• ≥ 1 measurable and injectable
lesion
• Provided a tumor pathology
specimen
• Life expectancy ≥ 3 months
• Measurable disease per
RECIST 1.1

Nonrandomized
N = 300

RP1 plus nivolumaba

Primary
• AEs
• Serious AEs
• DLTs
• ORR

Secondary
• Biologic activity
• Detectable RP1
• DOR
• CR
• PFS
• OS

End points
Registration-directed cohort
N = 125

RP1 plus nivolumab
Patients with cutaneous melanoma with disease
progression following anti–PD-1 therapy alone in
combination, including with anti–CTLA-4 therapy

Primary
• ORR by
independent
central review

Secondary
• DOR
• CR
• PFS
• OS

AE, adverse effect; CR, complete response; DLT, dose-limiting toxicities; dMMR, mismatch repair deficient; DOR, duration of response; MSI-H, microsatellite instability high; NSCLC, non–small cell lung cancer; ORR, overall response rate; OS,
overall survival; PFS, progression-free survival.
Patients are stratified by tumor types for combination therapy. Cohorts include superficial tumors, deep/visceral tumors, melanoma, MSI-H/dMMR solid tumors, nonmelanoma skin cancer, cutaneous melanoma previously treated with anti–
PD-1 therapy, nonmelanoma skin cancer previously treated with anti–PD-1 therapy, and NSCLC or melanoma previously treated with anti–PD-1/PD-L1 therapy.

a
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[therapies] or combination therapies of anti–
CTLA-4 plus anti–PD-1. It tells us that there
are other mechanisms in the immune system
that require activation that we don’t yet understand or know of.”
“Our current knowledge is not enough to truly
tell us what the next step is,” Milhem said, adding
that in the absence of actionable mutations
there are limited choices available
for those who experience disease
progression beyond available
frontline treatment options. “If
you did [search ClinicalTrials.
gov] there are approximately
9000, maybe even more, clinical trials in immunotherapy
but a lot of them still won’t give
us the answer. It’s a crowded
space but it’s incredibly narrow
in trying to define the next step for
those patients. This is where [oncolytic
viruses] have an opening as a potential treatment to improve the outcomes of patients in that
particular space.”
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IGNYTE PROTOCOL DEFINES
TREATMENT DELIVERY
In the open-label, multicenter IGNYTE trial,
investigators plan to enroll approximately 300
patients including those with melanoma who
have progressed after anti–PD-1 therapy, those
with nonmelanoma skin cancers, those with
microsatellite instability–high or mismatch
repair–deficient solid tumors, and those with
non–small cell lung cancer. Patients receiving
RP1 in combination with nivolumab will first
receive a single dose of RP1 followed by RP1
in combination with nivolumab every 2 weeks
for approximately 3 months.6,7 Treatment with
nivolumab will continue every 4 weeks for up to
20 months (F I G U R E 6).
RP1 is delivered intratumorally, a process that
investigators hypothesize will restrict expression to the tumor and demonstrate a reduction in
adverse effects (AEs). The recommended phase 2
dose of RP1 was determined to be an initial dose
at 1 × 106 PFU/mL followed by subsequent doses
at 1 × 107 PFU/mL.8
The delivery may appear “daunting” to some,
Milhem said, noting that visceral and deep lesions
present a challenge compared with superficial
tumors. “I was one of the clinicians who started
using antitumoral injections and it may appear to
be a daunting task to [administer] the injection, but
it [requires a] combination of 2 groups of clinicians,
the oncologists and the interventional radiologists,”
he said. “If you have a good interventional radiology group, you can target almost any lesion. [An
advantage of the] trial design is that the investigators were not afraid to inject visceral lesions,
they weren’t afraid to go for deep nodes. The more
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common places that a lot of injectables are going
into are the skin lesions and the lymph nodes;
those [areas] you can see or feel, make it easier for
clinicians to see and understand [the delivery].”
Milhem said delivery of RP1 is not unlike a
biopsy. “If you’re going in [to collect a sample] for
a biopsy you’ve got a needle in there, in the same
way tumoral injection is inject something
into the tumor and coming out,” he
said, adding that some tumors are
harder to reach than others, such
as lung cancers that have an
increased risk of complications
with the procedure.
The process of delivery is frequent, and Milhem
cautioned that oncologists must
be consistent in their methodology. “Each injection is given based
on the size of the tumor, and for
the deeper lesions [delivery of RP1] is
usually done through ultrasound or sometimes
CT-guided biopsies,” he said. “[What] we’ve found
is that it is important to get the patient on a regular schedule. With RP1, there are 9 injections given
every 2 weeks [and] once we picked the schedule,
we made sure that they were scheduled out for the
9 times, [because of need to include] an interventional radiologist.”
For patients with superficial lesions, the delivery can have variability because the injections
can be administered in the clinic, according to
Milhem. “It’s easier to find superficial lesions [and]
I tend to go for the ones that are growing the fastest or they look the biggest and then work my way
down once [I see a] response in the other lesions
that are around.”
The primary outcome measures of IGNYTE
include safety—which will be evaluated by the
percentage of patients with AEs, the percentage
with serious AEs, and the percentage of patients
with dose-limiting toxicities—and overall response
rate (ORR). Secondary outcomes include percentage of biologic activity and detectable RP1, data
for which will be gathered via blood, urine, swabs
of the injection site, dressings, and oral mucosa
to determine shedding and biodistribution of RP1.
“There’s a lot of emphasis on trying to understand viral shedding and how that works,” Milhem
said, adding that if RP1 is approved practices for
viral shedding collection will be solidified by the
FDA. Additionally, patients will be evaluated for
complete response (CR), duration of response,
progression-free survival, and overall survival.6

unmet clinical need.9 Based on data from a cohort
of patients with cutaneous melanoma enrolled to
IGNYTE, the combination of RP1 and nivolumab
induced deep and durable responses according
to early results. Specifically, among 16 patients,
9 demonstrated stable disease with evidence of
antitumor activity, with 5 patients meeting the
formal criteria for response (1 CR and 4 partial
responses).10 Additionally, investigators noted
that 4 of the 5 responders had previously received
both anti–PD-1 and anti–CTLA-4 therapies.
The ORR was 31%.
Patients who did not have formal response
demonstrated clinical benefit including 1 patient
with ongoing stable disease with response to a
reinitiation of RP1 treatment and a 28% reduction in tumor size from baseline as of data cutoff in
May 2021. Further, responses were durable with
80% ongoing at 16 months.
The developer of RP1, Replimune, has adapted
the IGNYTE trial design protocol to include a registration-directed single-arm cohort to include 125
patients with cutaneous melanoma who have
received prior treatment with anti–PD-1 therapy and have confirmed disease progression.
These patients will receive the combination of RP1
and nivolumab. The primary end point is ORR.
Following a Type B meeting with the FDA, if clinically meaningful data are generated from this
cohort, the company plans to submit the data for
an accelerated approval of RP1 for the treatment of
this patient population.10 ■
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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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TAGRISSO® (osimertinib) tablets, for oral use
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
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©AstraZeneca 2021
Rev. 7/21 US-56124 8/21

Clinical Perspectives

NSCLC

2021 Approvals in NSCLC Signal Success,
Key Research Focus in New Year
by JESSICA HERGERT
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lung cancer research improved. We are moving in
a direction to bring our best drugs, whether they
be targeted therapy or immunotherapy, earlier.
That stood out to me as a major accomplishment [last] year.
2021 was the year of adjuvant therapy. At the
end of 2020, we had the approval of osimertinib
[Tagrisso], which brought targeted therapy to the
adjuvant setting [for patients with] EGFR-mutant
stage I, II, and III lung cancers.
Toward the end of 2021, we had the approval of
adjuvant atezolizumab for [patients with] PD-L1–
positive stage II and IIIa disease.
Also, [we saw] the approval of a host of new
targeted therapies [directed against EGFR] exon
20 and RAS [mutations], for example.

How did some of the regulatory
decisions change the scope of
treatment for patients with lung cancer
last year?

Q

The fact that [sotorasib] was approved in the
accelerated approval pathway was historic
[because] we have been working to try to
target KRAS for years. Now we finally have
something [against KRAS G12C mutations], so
that was major.
Of course, the approval of atezolizumab as
adjuvant therapy, as well as the approvals of
[amivantamab and mobocertinib] for patients
with EGFR exon 20 insertions were great advances.

What trials evaluating targeted
therapies will be important to keep
an eye on in 2022?

Q

As we move forward, from a targeted therapy
point of view, the things to keep an eye
on right now might be some of the trials
for EGFR resistance with some of the newer drugs
[such as] amivantamab plus lazertinib [Leclaza;
NCT04965090]. Some of the phase 3 studies will
be important as they move forward.
Looking at ways to target osimertinib
resistance will be important. We are also going
to be looking at trials [attempting to overcome]
resistance to immunotherapy.

What is next for trastuzumab
deruxtecan and targeting HER2
overall in lung cancer?

Q

HER2 is not that [common] among patients
[with NSCLC]; a small percentage of patients
have HER2-mutated disease. However, many
more have HER2 amplification. The fact that

© SCIEPRO - STOCK.ADOBE.COM

THE FDA APPROVALS OF several targeted
Also worth noting are the findings from the
therapies, as well as immunotherapeutic strateDESTINY-Lung01 trial (NCT03505710), which
gies, represent significant advances made in 2021
demonstrated robust and durable antitumor
for the treatment of patients with non–small cell
activity with fam-trastuzumab deruxtecan-nxki
lung cancer (NSCLC).
(Enhertu) in patients with ERBB2-mutant NSCLC.5
The first drug approval last year for NSCLC
With these developments, targeting resistance
was on May 21, 2021; amivantamab-vmjw
to EGFR inhibitors will be a key research focus
(Rybrevant) was indicated for the treatment of
in 2022, according to Roy S. Herbst, MD, PhD,
adult patients with locally advanced or metastatic
the Ensign professor of medicine (medical oncolNSCLC with EGFR exon 20 insertion
ogy), a professor of pharmacology at
mutations with disease progression
Yale School of Medicine, and director of
on or after platinum-based chemotherthe Center for Thoracic Cancers, chief of
apy. The decision was based on efficacy
medical oncology, and associate cancer
data from the phase 1 CHRYSALIS trial
center director of translational science at
(NCT02609776), in which the overYale Cancer Center and Smilow Cancer
all response rate (ORR) was 40% (95%
Hospital in New Haven, Connecticut.
CI, 29%-51%) with a median duraIn an interview with OncologyLive®,
tion of response (DOR) of 11.1 months
Herbst highlighted some significant
Roy S. Herbst,
(95% CI, 6.9-not evaluable) in 81 evaluanswers received for NSCLC in 2021 and
MD, PhD
able patients.1
the research direction needed to address
ongoing questions in the new year.
Soon after came the regulatory agency’s
approval of sotorasib (Lumakras) for adult
patients with KRAS G12C–mutated locally
What advances stand out regarding
Q lung cancer management when you
advanced or metastatic NSCLC who have received
at least 1 prior systemic therapy. Findings from
look back on 2021?
the phase 2 CodeBreaK 100 trial (NCT03600883)
In 2021, the [COVID-19] pandemic continued but
showed that out of 124 studied patients, 36% (95%,
28%-45%) reached an ORR. The median DOR was
10 months (range, 1.3-11.1).2
“In 2021, the [COVID-19]
Then in September, mobocertinib (Exkivity)
pandemic continued but lung
was given the greenlight for the same indication
as amivantamab. In the international, nonrancancer research improved.
domized, open-label, multicohort phase 1/2 trial
We are moving in a direc(NCT02716116) that led to this approval, the
tion to bring our best drugs,
agent elicited a confirmed objective response
rate of 28% (95% CI, 20%-37%) among the 114
whether they be targeted
evaluable patients, with 59% of responders
therapy or immunotherapy,
having observed responses lasting longer than
6 months. The median DOR was 17.5 months
earlier. That stood out to me
(95% CI, 7.4-20.3).3
as a major accomplishment
The final approval of 2021 was given to
[last] year.”
atezolizumab (Tecentriq) for adjuvant treatment following resection and platinum-based
— ROY S. HERBST, MD, PhD
chemotherapy in patients with stage II to IIIA
NSCLC with PD-L1 tumor expression on at least
1% of tumor cells. Findings from the phase 3
IMpower010 trial (NCT02486718) showed that
the median disease-free survival was not reached
(95% CI, 36.1-not estimable [NE]) for patients with
stage IB to IIIA NSCLC in the atezolizumab arm
(n = 248) compared with 35.3 months (95% CI,
29.0-NE) for those in the best supportive care arm
(n = 228; HR, 0.66; 95% CI, 0.50-0.88; P = .004)4
(TABL E S 1 and 2 1-4).

NSCLC

TABLE 1. Re c e n t ly A p p r ove d Targete d T he r a pies , I mmunoth er a pies in Non–S ma ll C ell Lung

Can c e r ( N SCLC) 1-4
Approval date

Drug

Trial

Indication

CHRYSALIS
(NCT02609776)

Adult patients with locally advanced or metastatic NSCLC
with EGFR exon 20 insertion mutations with disease
progression on or after platinum-based chemotherapy.

CodeBreaK 100
(NCT03600883)

Adult patients with KRAS G12C-mutated locally advanced
or metastatic NSCLC who have received at least 1 prior
systemic therapy

May 21, 2021

Amivantamab
(Rybrevant)

May 28, 2021

Sotorasib
(Lumakras)

September 15, 2021

Mobocertinib
(Exkivity)

NCT02716116

October 15, 2021

Atezolizumab
(Tecentriq)

IMpower010
(NCT02486718)

Adult patients with locally advanced or metastatic NSCLC
with EGFR exon 20 insertion mutations with disease
progression on or after platinum-based chemotherapy
For adjuvant treatment following resection and platinumbased chemotherapy in patients with stage II to IIIA
NSCLC with PD-L1 expression on at least 1% of
tumor cells

TABLE 2. Ef f i c a c y O ut c o m e s i n Re c e n t Tri al s in NS C LC 1-4

CHRYSALIS (NCT02609776)
Outcome

Amivantamab (N = 81)

ORR (95% CI)

40% (29%-51%)

CR

3.7%

PR

36%

DOR
Median, months (95% CI)

11.1 (6.9-not evaluable)

≥ 6 months

63%

CodeBreaK 100 (NCT03600883)
Outcome

Sotorasib (N = 124)

Objective response rate (95% CI)

36% (28%-45%)

CR

2%

PR

35%

DOR
Median, months (range)

10 (1.3-11.1)

≥ 6 months

58%

NCT02716116
Outcome

Mobocertinib (N = 114)

ORR (95% CI)

28% (20%-37%)a

DOR
Median, months (95% CI)

17.5 (7.4-20.3)

≥ 6 months

59%

the focus of immunotherapy research
will be in 2022?
[Last] year, there weren’t that many new studies, but we saw some consolidation and long-term
data showing that there is a tail of the curve [with
immunotherapy]. We learned that immunotherapy can probably cure patients with metastatic
disease in the first-line or refractory settings.
However, the other 70% to 80% of patients are not
cured [with immunotherapy], so we need to figure
out what we are going to do with those patients.
What drugs can we use? How do we identify who
needs combination therapy?
We didn’t have that much new [data last] year
as far as what those combination [strategies]
are. There were some hints from a trial called
COAST [NCT03822351] that looked at patients
postchemoradiation with durvalumab [Imfinzi]
compared with durvalumab plus a natural
killer agonist or CD73 antagonist. [The data]
showed some response rate and progression-free
survival improvement. That was a signal-finding [study] to move [the field] forward. It was
a positive result [last] year. However, the
COAST trial was a phase 2 study, so we have a
long way to go.
We also presented the 5-year data from the
KEYNOTE-010 trial [NCT01905657], which
certainly showed a nice tail of the curve [with
pembrolizumab (Keytruda)]. We are developing a
lot of signal-finding studies with immunotherapy.
TIGIT is one that is high on the list, for example. Now, we need to figure out how to bring these
[drugs] forward in a more accelerated way.
I would like to see immune resistance targeted
more. [For patients with] primary resistance who
don’t respond to immunotherapy or chemoimmunotherapy, I want to understand why [they
develop resistance] and give them different
combinations. For patients with acquired resistance to immunotherapy, what do we do there?
That is going to be important. ■
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Atezolizumab (n = 248)

Best supportive care (n = 228)
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35%

46%
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35.3 (29-not estimable)
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CR, complete response; DFS, disease-free survival; DOR, duration of response; NR, not reached; NSCLC, non–small cell lung cancer; ORR, overall response
rate; PR, partial response.

FDA grants accelerated approval to amivantamab-vmjw for

2022. bit.ly/3e00LpA
3.

FDA grants accelerated approval to mobocertinib for metastatic
non–small cell lung cancer with EGFR exon 20 insertion mutations.

All responses were partial responses.

a

FDA. Updated September 16, 2021. Accessed January 5, 2022.
bit.ly/34moGh7
4.

we can use an armed antibody-drug conjugate
[ADC] is important.
There is also a HER3-directed ADC that is
showing some activity in [patients with lung
cancer who develop] EGFR resistance. 2021 was
probably the year of the ADCs, as well, [directed

toward] TROP2, HER2, and HER3. We will see
more of that in the years to come.

cell lung cancer. FDA. Updated October 15, 2021. Accessed January 5, 2022. bit.ly/3JHO5Sv
5.

What questions regarding
immunotherapy were answered
in 2021, and what do you anticipate

Q

FDA approves atezolizumab as adjuvant treatment for non–small

Li BT, Smit EF, Goto Y, et al; DESTINY-Lung01 Trial Investigators.
Trastuzumab deruxtecan in HER2-mutant non–small cell lung
cancer. N Engl J Med. Published online September 18, 2021.
doi:10.1056/NEJMoa2112431.
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Larkin Unpacks the Effect of Anti–PD-1 Therapy
on TIL Activity in Melanoma
by BRITTANY LOVELY and RYAN SCOTT

Without a definitive answer to determining
THE ROLE OF ADOPTIVE cell therapy with
which patients will benefit from the standard of
tumor-infiltrating lymphocytes (TILs) for patients
care in this population, it further complicates
with melanoma has undergone scrutiny,
determining appropriate patients and timing for
and investigators are working to unpack the
the initiation of TIL therapy.1-3,5
correlation between the duration of prior immunotherapy and efficacy outcomes.
TIL therapy is a manufactured cellular prodAlthough billed as a personalized approach to
uct that is initiated through the extraction of
care once the manufacturing process genetically
tumor tissue T cells, which are then enriched
alters a patient’s T cells to fight their disease,
with polyclonal T cells with diverse antigen specthere is not a one-size-fits-all eligibility standard
ificity. Investigators have determined that this
for investigators to reference and incorporate TIL
may provide a way to circumvent the hurdle of
therapy into the treatment paradigm for advanced
the highly individualized neoantigens associmelanoma. Data from several studies have further
ated with melanoma and provide patients with a
confused the issue as investigators have reported
1-time, tailored therapy.3
conflicting conclusions from patient populations
that seemingly overlap.1-3
AVAILABLE DATA: COMPARING
Prognostic markers in melanoma are limited. The
APPLES WITH ORANGES
best characterized mutation to date in melanoma
Data from several studies published in the
is BRAF, which is present in up to 60% of patients
past year have demonstrated the efficacy of
with melanoma.4 No approved treatments are availTIL therapy for patients with advanced melanoma following immunotherapy. But
able for those who experience disease
the differences in trial design do not
progression on or after treatment with an
make cross-study comparisons feasiimmune-checkpoint inhibitor (ICI) and
ble. Most notable are the variations
BRAF/MEK inhibitors. Treatment avenues
in enrollment periods, some of which
for this patient population include rechaloccurred prior to the availability of valilenge with an ICI or chemotherapy, both
dated immune checkpoint inhibitors;
of which have poor response rates.3
single-center vs multicenter popula“A lot of time and effort has gone
and is going into identifying predicJames M. G. Larkin, tions; and the standards for evaluation
of patient populations.
tive markers for [response to] anti–PD-1
MD, PhD, FRCP
The study from Seitter et al compared
therapy, not just in melanoma, but in
outcomes of TIL therapy in patients who are
multiple different types of tumors,” said James
refractory to anti–PD-1 therapy (n = 34) vs those
M. G. Larkin, MD, PhD, FRCP, a consultant mediwho were anti–PD-1 naïve (n = 192).1 Investigators
cal oncologist at The Royal Marsden Hospital and
team leader at the Institute of Cancer Research
pooled data for this analysis from individuals
in London, England, in an interview with
enrolled in single-arm early phase or randomized
®
OncologyLive . “There are some fantastic data
controlled trials between 2000 and 2018 in which
adoptive cell transfer of TILs followed standard
there, but at the end of the day, have we really got
lymphodepleting chemotherapy.1 The objective
anything that we can use in clinic?”

MORE ON

Hamid on Efficacy of TILs Following Immunotherapy
in Advanced Melanoma
Omid Hamid, MD, director, Melanoma Program, Cedars-Sinai Medical
Center, chief, Translational Research and Immunotherapy, director, Melanoma
Therapeutics, Phase I Immuno-Oncology Program, The Angeles Clinic and
Research Institute, discusses the efficacy of tumor-infiltrating lymphocyte (TIL)
therapy following immunotherapy in advanced melanoma.
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response rate (ORR) was 24% with a median melanoma-specific survival of 11.6 months compared
with an ORR of 56% and a median survival of
28.5 months, respectively. Investigators reported
no difference in response was observed when
grouped by duration of prior anti–PD-1 therapy
and concluded that prior anti–PD-1 therapy was
associated with diminished outcomes with TIL.
A study from Hawkins et al evaluated the efficacy of TIL therapy in data from a single center
experience of 21 patients who received the treatment under compassionate use.2 The best overall
response was 67% among all treated patients with
a disease control rate (DCR) of 86% and a median
overall survival of 21.3 months (95% CI, 6.8-not
estimable). Durable responses lasting more than
30 months following infusion were reported for
5 patients at a median follow-up of 52.2 months.
Patients were not censored for progressive
disease in the duration of response data. One
patient reported to have a response lasting longer
than 30 months following TIL therapy experienced progression within 10 months of treatment;
the individual was checkpoint inhibitor naïve at
the time of treatment and received a checkpoint
inhibitor at the time of disease progression.2
Of note, different evaluation criteria were used
to assess outcomes for this patient population.
Specifically, efficacy outcomes were reported per
investigator assessment for 15 patients using CT/
MRI imaging per RECIST 1.1 criteria. The remaining 6 patients were evaluated using PET imaging
and clinical monitoring, which are not RECIST
1.1 compliant.2
Both studies were retrospective in nature, with
investigators of the first evaluating data from 18
years—marking the onset of the availability of
ICIs in the field—and the second being specific to
one institution over a period of 8 years.1,2
Findings from a prospective, multicenter
phase 2 study (NCT02360579) showed that lifileucel demonstrated durable responses among
66 patients previously treated with anti–PD-1
therapy.3 Results showed that among all treated
patients the ORR was 36.4% with a complete
response rate of 4.5% per RECIST 1.1 criteria. The
DCR was 80% (95% CI, 69%-89%) and the median
duration of response was not reached. Investigators
of this study also sought to determine if the timing
of TIL therapy played a role in response. In those
who were primary refractory to anti–PD-1 therapy
(n = 42) the ORR was 41% (95% CI, 26%-57%) and
the DCR was 81% (95% CI, 66%-91%).
Ongoing efforts to extrapolate the role of
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lifileucel in other settings are underway. For
example, at the 2021 Society for Immunotherapy
of Cancer annual meeting investigators presented
early efficacy data from cohort 1A of the phase 2
IOV-COM-202 study (NCT03645928), which evaluated TIL therapy in combination with immune
checkpoint inhibitor–naïve patients with unresectable or metastatic melanoma.6 Following
tumor resection for TIL manufacturing, patients
received a 200-mg or 400-mg dose of pembrolizumab (Keytruda) prior to nonmyeloablative
lymphodepletion. After TIL infusion, patients
received up to 6 doses of IL-2 (600,000 IU/kg)
every 8 to 12 hours beginning 3 to 24 hours
following the completion of TIL infusion. Patients
then continued pembrolizumab for 3 weeks at 200
mg or every 6 weeks at 400 mg for up to 2 years.
As of the data cutoff of September 22, 2021,
10 patients with melanoma were included in the
full analysis set, with a median of 21.3 × 109 TIL
cells infused. The ORR was 60.0% (95% CI, 26.2%87.8%) per RECIST 1.1 criteria; 3 patients achieved
a complete response. The disease control rate was
90.0% (95% CI, 29.9%-99.7%).6
Larkin said that the lack of definitive data
concerning the influence of prior therapy for
these patients speaks to the complexity of the
issue. “If this was easy, it would have been
cracked a long time ago,” he noted.
In a discussion with OncologyLive®, Larkin
spoke to the efforts that have taken place thus far
in the field to determine prognostic factors for the
clinical benefit of TIL in patients with advanced
melanoma and what steps may be taken to zero
in on determining which patients may benefit
more than others.

What are the gaps in knowledge
Q regarding the role of TIL therapy for
patients with advanced melanoma?
Just like with other therapies, the question [for
TIL therapy is] if you use them earlier on in
the disease course, are you getting responses
in patients who might respond to anti–
PD-1 on its own?
I would just be a little bit cautious about
comparing [the available data]. Ultimately, I
think, all of these [conflicting data] point to the
fact that we need to better understand the biology
of what’s going on. There are still several unanswered questions [across studies] in terms of the
product that’s being delivered, how many times
do you need to do the treatment, etc.
One of the issues with comparing these different studies is the potential for heterogeneity in
approaches and the fact that cellular therapies
are complex. There are a lot of different factors to
consider, [and] one of the big questions is what’s
the right product at the right place for these
types of treatments?
If we think about the unmet medical need in

this disease, clearly [it’s for] the individuals who
are refractory to anti–PD-1 therapy. If you look at
the fact that now, in melanoma, we have data for
anti–PD-1 [preventing] patients from developing
stage IV disease. This is a group of individuals
who, when they’re treated with anti–PD-1–based
regimens, are probably going to be cured or
become long-term survivors.
Anti–PD-1 therapies generally perform well
[in these patients and have an] acceptable toxicity profile. For me, the biggest unmet medical
need is in the [refractory] population. I’m pretty
open-minded and say that all the data are really
exciting and encouraging for patients; there’s no
question about that.

Please discuss what the data for TIL
therapy have revealed for its potential
role for patients with advanced melanoma.

Q

If we take the phase 2 [Hawkins] study, this was
basically a refractory cohort of patients [and]
pretty much every patient had received anti–PD-1
therapy, often in combination with nivolumab
[Opdivo] or a BRAF-targeted therapy, if appropriate. This is a group of patients [for whom] the
standard of care outside of clinical trials would be
cytotoxic chemotherapy, which we know is disappointing in terms of response rate, durability of
response, and so on. This is a group of patients
without any other good options at the moment.
[In data presented at the 2021 American Society
for Clinical Oncology annual meeting] response
rates of approximately 36% [were reported] along
with response durability, and some interesting
data [were given regarding] what might determine duration of response. [However,] that’s an
exploratory end point, but nevertheless, it’s an
interesting question and it speaks to the fact that
maybe [there is] still a lot more to understand
about these therapies.
Then if we look at the single-center data, we
are effectively talking about treatment earlier on
in the course of the disease, [and we saw] quite
impressive response rates. But ultimately one
must ask is this a group of patients who might
have responded to anti–PD-1 therapy in any case?
The whole idea is that activity might be
subsumed by another agent, and it is quite difficult to tease that out [from the available data]
without doing trials, particularly randomized
trials. [And a question for future exploration] might be what would a control arm look
like for these kinds of studies? Ultimately, we
were talking about nonrandomized data, [and]
our experience is that if you had a control
arm that evaluates cytotoxic chemotherapy,
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then you know the outcomes would generally
be pretty poor.
The summary for me is that there is quite a lot
of work still to do, but the [demonstrated] efficacy
of these treatments is without question.

What are some of the remaining
questions for the advancement
of TIL therapy?

Q

The data from these studies speak for themselves.
What I’m always interested in is the biological correlation. Do we have any kind of way to
can predict in advance who might benefit from
treatment? Is there a way that we can monitor
the persistence of the infused product and then
potentially think about rechallenge if necessary?
And then [we need to consider what makes] a
good control arm.
We always wonder how the [patients in this]
highly selected group in these kinds of studies
would have fared if they had another treatment.
I’m not saying there should have been control
arms, but ultimately I think that’s the question
that always springs to mind.
[We] have interesting data from the efficacy perspective, we have manageable adverse
effect [profiles] as well, and we hope that
these treatments may become available more
broadly in the near future for patients [with
advanced melanoma]. ■
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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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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)

(continued from previous page)

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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Clinical Perspectives

ECOG-ACRIN Addresses Health Disparities
in Cancer Research and Care
by RYAN SCOTT

A RENEWED FOCUS ON delivery of care

we had Black physicians from the NMA be a part
and friends setting up a schedule to be with him
of ECOG. Each year after we set that up in 1998,
during this illness because it was assumed that
during the COVID-19 pandemic has underscored
Dr Comis attended the NMA meetings, spoke with
it would be his last. I heard them say, “Well you
the severity of disparities in representation,
NMA physicians, gave lectures, and collected
can’t take him to the hospital because old Black
access to screening and care, and opportunities
information from the Black physicians that we
people do not get treated right.”
to participate in pivotal clinical trials within the
would then take back to ECOG. He did this every
At the time, there was a family physician who
cancer field, according to Edith P. Mitchell, MD,
year up until his death.
made a house call, and I looked at the doctor,
MACP, FCPP, FRCS. However, efforts are being
[It was important to us that we provided] that
and I thought, “This is so important.” I rememmade by the ECOG-ACRIN Cancer Research
education to, and collaborated with, Black physiber it vividly. I told my great-grandfather, “Do
Group’s Health Equity Committee to address
cians who were members of the NMA, as well
not worry, when I grow up, I’m going to be a
existing disparities in health care and improve
as [foster] collaboration to increase the accrual
doctor…and I’ll make sure you receive good
patient outcomes, Mitchell said.
of Black patients to ECOG-ACRIN clinical trials.
care.” My grandfather patted me on my head and
Mitchell, a cochair of the committee, noted
More recently, in 2017, we set up a project to
said that as I grew up I could do anything I want
that key focuses of the committee include
increase the pipeline and, therefore, increase the
to do but I had to study hard and plan well to
boosting representation of Black clinicians
number of Black physicians who were in cancer
become a doctor.
oncology, promoting collaboration and educamedicine. We have had medical students, resiI have been working [to address] disparities for
tion opportunities, increasing accessibility to
dents, [and] fellows involved [in this effort]. We
a long time. [Former ECOG-ACRIN chief execuscreening services and treatment for patients,
also now have undergraduate medical students
tive officer] Robert L. Comis, MD, knew
and strengthening efforts to increase
we mentor and work with to increase the
that I was interested in disparities,
enrollment of underserved groups in
number of individuals who are preparing for a
and he allowed me to make plans [at]
ongoing clinical trials.
career in medicine.
ECOG-ACRIN and to direct programs.
“Whatever the barrier is for patients,
With ECOG-ACRIN, we have been able to set up
We eventually set up the Health Equity
whether it is individual- or commuall these processes over the years, and that [led to
Committee with the goal of ensuring
nity-based, it is important that we
the formation of] the Health Equity Committee. In
that disparities in cancer was a topic
address existing issues faced by our
that committee, we have not only physicians but
of involvement, and that it [would] be
patients, [including those] who are
also clinical research assistants and many indi[woven]
throughout
the
fabric
of
ECOGin need of cancer screening, cancer
Edith P. Mitchell,
viduals from various fields of cancer research; all
ACRIN.
We
[knew
that
we
needed
to]
care, or [those who are facing other]
MD, MACP,
FCPP, FRCS
[of these individuals are] involved [in this effort]
ensure that there is equity [in terms
economic concerns,” Mitchell said.
and all are working together.
of] providing our protocols and our
“Socioeconomic concerns, educaeducational programs to many individuals. We
tional issues, access to health care centers, for
also needed to ensure that ECOG-ACRIN recogexample, screening and obtaining mammoFrom your experience, what are some
Q of the biggest remaining unmet needs
nized the importance of [addressing] disparities
grams or colonoscopies—[these factors] are all
in cancer care.
very important.”
for underserved populations?
One of the [efforts that we made with this
In an interview with OncologyLive ®, Mitchell,
Although we started our work with Black patients,
committee] was to ensure that we were providing
clinical professor, director of the Center to
Black communities, [and] Black physicians, we
that educational and collaborative [opportuEliminate Cancer Disparities, and program
have since expanded to other individuals who are
nity] to others. [To this end,] we set up the ECOG
leader in Gastrointestinal Oncology at Sidney
also in need. It does not matter about the racial
National Medical Association [NMA] panel, where
Kimmel Medical College of Thomas Jefferson
or ethnic background of our communities that
University in Philadelphia, Pennsylvania, shared
the inspiration behind the ECOG-ACRIN committee, efforts to address health disparities, how
“2021 marked 50 years of the National
the pandemic has affected screening and care
in the cancer field, and what needs to be done to
Cancer Act. Since that time, there has
get back on track.

How did the ECOG-ACRIN Health
Equity Committee come about,
and what did you hope to accomplish?
© SCIEPRO - STOCK.ADOBE.COM

Q

My experience with disparities in health care
[served as inspiration for this effort]. I decided
when I was 3 years old that I would become a
doctor and ensure that Black [patients] received
good treatment. My great-grandfather at age 89
became ill, and I overheard other family members

been a continuous decline in cancer
mortality rates in this country. To see a
model that estimates that this overall
decline may be negatively affected by
the COVID-19 pandemic is disappointing.”
— EDITH P. MITCHELL, MD, MACP, FCPP, FRCS
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we work with, [we want to help those who are in
need]. For instance, many do not [realize] that
[similar needs can exist for some White patients]
and could be related to socioeconomic concerns,
a lack of access to care, or a lack of insurance.
Another example is that many [individuals]
must ride 3 different [modes] of public transportation just to get to a center [for cancer
screening]. As such, one of the things that we
are doing now is with our mobile units—we are
going to the communities [and providing these
individuals with] easy access to appropriate
cancer screening. We have also increased the
hours for our treatment centers [to stay open]
until 9 pm or 10 pm, whatever time we finish with
the last patient, so that individuals do not have
to miss work to [participate in] our clinical trials
[or receive certain] cancer treatments.
We are looking at all aspects of care, from
community needs to community involvement to
partnerships with individuals to basic science
research to our clinical research and our data
collection and evaluation. We are bringing all
of that together because it is so important. It
is important for our physicians, and it is well
recognized that most clinicians who take care
of [patients with cancer] are White. Therefore,
it is important to ensure that we understand
the community, their needs, and that we bring
together all of our resources. That includes our
health research and understanding, as well
as implementation.
On any given day, there could be representatives from Congress calling me to discuss a
specific issue, as well as our Pennsylvania team
and state legislators, who also call me periodically. In fact, I was invited to the Pennsylvania
[General Assembly] and was given an award
and a standing ovation for my efforts in terms
of communities. I am really appreciative of this.
This is about bringing all collaborators and
components together so that we are all working [toward the] same [goal] and ensuring
that we are addressing [any existing issues] at
that specific time.
We are very fortunate at [Thomas Jefferson
University] that we have the resources and
research [opportunities] available for our patient
constituents for screening as well as treatment.
We have a program for mammograms and cervical cancer detection for individuals who lack
resources or access to those programs. We reach
[these] individuals, cover the cost of the mammograms, and [Papanicolaou tests] and human
papillomavirus tests, provide those resources,
and follow up [with them].
I was able to work with the Pennsylvania legislature and the Medicaid program, so that for
individuals who [receive a diagnosis of] cancer
and are eligible for Medicaid, we can work
with the Medicaid office to get that person on
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Medicaid resources. [This is] so they can get, for
example, further diagnostic tests if needed.
Another example would be, for someone with
an abnormal mammogram who might need an
ultrasound, MRI, or biopsy, those resources
are there for them. If they [received a diagnosis of] cancer, they can then receive treatment at
Jefferson. [With this in place], there is no delay
in [getting a] diagnostic test or implementing
any needed therapeutic interventions.

Connect with

Over the course of the COVID-19
pandemic, reports have shone a light
on the existing biologic and care disparities
in patients with cancer who come from
different backgrounds. What needs to be
addressed going forward?

Q

Many articles over the past 2 years have
[detailed how] the pandemic has affected medical care; that is related to the fact that for many
health care institutions, there were changes
made in services to patients to allow for the
urgent care of individuals [with] from COVID-19.
Consequently, many institutions canceled elective surgery and diagnostic procedures. This is
important to mention because cancer screening
is imperative; it allows for earlier diagnosis of
cancer conditions. The earlier a cancer is found
and treatment is implemented, the better the
therapeutic outcomes [will be].
It was noted that there was an increase in
later-stage [disease] development and in patients
with cancers that had unfortunately progressed.
Therefore, we had to reassess our processes. We
are now increasing screening [efforts to encourage the] earlier diagnosis of cancers.
In fact, a report…from the National Cancer
Institute [showed] that it is estimated that
the number of cancer [cases] will increase.
Therefore, overall mortality from cancer [is]
at risk to increase in the next few years. As
you likely know, the National Cancer Institute
was a beneficiary of the National Cancer Act of
1971, which was signed on December 23, 1971;
2021 marked 50 years of the National Cancer
Act. Since that time, there has been a continuous decline in cancer mortality rates in this
country. To see a model that estimates that this
overall decline may be negatively affected by the
COVID-19 pandemic is disappointing.
That report from the director of the National
Cancer Institute has been a contributing factor
to the fact that we are now [focused on] increasing cancer screening rates, although we are still
not back to best levels yet. We need to incorporate COVID-19 treatment [into the care of]
patients with those conditions that we have done
well with over the years. That includes [working
to get an] earlier diagnosis of cancer [so that we
can continue to see a] decline in the cancerrelated mortality rates in this country. ■
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RANKED BEST CANCER CENTER IN NEW JERSEY BY U.S. NEWS & WORLD REPORT

PART OF THE NCI-DESIGNATED GEORGETOWN LOMBARDI COMPREHENSIVE CANCER CENTER
ACCESS TO NOVEL THERAPIES WITH OVER 450 CLINICAL TRIALS
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Uptake of Genomic Profiling in NSCLC
Has Modest Effect on Total Cost of Care
by ONCLIVE ® STAFF

RATIONALE FOR BRINGING
TESTING TO PRACTICE
The National Comprehensive Cancer Network
(NCCN) guidelines for patients with NSCLC
recommend all eligible patients receive broad
molecular profiling to identify drive mutations and optimize treatment strategies. Broad
molecular profiling is defined as molecular testing that identifies alterations in EGFR, ALK,
ROS1, BRAF, NTRK, HER2, MET, RET, and KRAS
in either a single assay or a combination of a
limited number of assays, according to the documentation. Although not required, the NCCN
recommends using approaches that may also
identify emerging biomarkers including highlevel MET amplification and HER2 mutations.3
The guidelines provide a comprehensive overview of the recommended therapeutic options
available should patients demonstrate any of
the actionable mutations with documented
benefit compared with traditional chemotherapy regimens.
In the budget analysis, investigators defined
CGP approaches to include NGS assays that

62

Vol. 23 | No. 3 | FEBRUARY 2022

detect novel and known variants of the 4 main
classes of genomic alterations (and genomic
signatures in tumor tissue or circulating tumor
DNA (ctDNA) assays. Conventional approaches
included tissue-based panel tests for known
NSCLC genomic alterations, single-gene tissuebased, or ctDNA-based hotspot tests
for alterations in EGFR or ALK.
Investigators noted that conventional approaches are often
used sequentially and can
be time-consuming and
demanding on patients,
as they require
multiple biopsies.2
The model was
based on a hypothetical 2-million member
US health plan population, constructed to
reflect a population of
individuals from 2016.
Specifically, investigators
looked to assess outcomes for
patients with newly diagnosed
NSCLC following CGP-based testing
vs non-CGP testing from the perspective of a
US commercial payer. Cost of care and overall
survival were the primary outcome measures.
Cost-related outcomes considered costs for
diagnostic testing, biopsies, blood draws, firstline treatment, administration, health resource
utilization, and biopsy- and drug-related adverse
effects. Survival outcomes were based on
treatments received following a patient being
matched to a therapeutic class based on molecular results. These included targeted therapies,
immunotherapies, nonmatched targeted therapies, chemoimmunotherapies, chemotherapy,
treatments received in clinical trials, and no
drug treatment.

RESULTS OF THE FORCASTING MODEL
Of the 790 members expected to receive a
new diagnosis of NSCLC, 609 were estimated
to undergo molecular diagnostic testing; 545
received tissue-based testing and 64 received
liquid-based testing. An estimated 122 patients
had CGP, with 109 undergoing tissue-based
testing and 13 undergoing liquid-based
testing. Per-patient drug costs were projected
to be $237,403, and the total cost of care was
estimated to be $325,548. 2
Investigators concluded that if testing rates

among patients increased from 20% to 30%,
which added an additional 61 patients to receive
testing, the per-patient drug cost would increase
$321 and the total care cost would increase
$205. Overall, this increase in testing would
have a “relatively small incremental budget”
effect of $0.005 per member per month.
“Targeted therapies were associated with lower medical service
expenditures than other
categories of drug therapy.
The increase in costs
associated with testing was offset by this
reduction in costs
associated with medical services (–$253),”
the authors wrote in
a discussion of the
analysis. “Although
total costs increased
as a result of more testing with CGP, the overall
costs associated with testing
($2186) were [less than] 1% of the
total cost of care ($325,753) and were
offset by a reduction in [health resource utilization] associated with more treatment with
targeted therapy.”
In terms of survival outcomes, investigators
determined that to add 1 life year, 19.6 patients
would need to be tested with CGP vs non-CGP
approaches. With the expansion of CGP testing,
an additional 3.11 life-years—3.02 attributed to
tissue-based testing and 0.1 attributed to liquidbased testing—were added.
“Identifying these genomic alterations is
crucial for making optimal treatment decisions,
because the growing number of effective therapies that target driver oncogenes is
continuously changing the paradigm for NSCLC
treatment,” the authors added.
“Target-specific therapies have the ability to
significantly improve response to treatment and
progression-free survival compared with
therapeutic regimens that do not target a
specific alteration.” ■
For a full list of references,
see the article at
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THE IDENTIFICATION OF ACTIONABLE
oncogenetic drivers in patients with non–small
cell lung cancer (NSCLC) affords clinicians the
opportunity to use targeted agents to optimize
outcomes. The uptake of comprehensive genomic
profiling (CGP) has not seen huge uptake in
community practice. Results of a real-world
study showed that 37% of patients within the
US Oncology Network with NSCLC (N = 3474)
underwent next-generation sequencing (NGS).1
Although investigators noted that the rates of
NGS increased over the 2-year study period,
comprehensive testing for the 5 prominent
biomarkers in NSCLC was only 46%.1
Results of a budget impact analysis published
in JCO Precision Oncology may alleviate some
cost concerns surrounding the use of CGP in
the clinic.2 Investigators developed a decision
analytic model to estimate associated benefits
and costs that may arise with CGP vs conventional testing strategies. “Compared with
non-CGP approaches, CGP provides more information to guide treatment decisions at a modest
increased cost,” the authors wrote. “Testing
costs were [less than] 1% of the total cost of
care in base-case scenarios. Shifting to CGP
increased the use of targeted therapies and
reduced the use of chemoimmunotherapies,
affording a more efficient use of resources.”

For more Medical Economics® news, visit bit.ly/2MKJW46

EXPERT INSIGHTS: Thoracic Leaders Support
Increased Use of Genomic Testing in NSCLC

Konstantinos
Arnaoutakis, MD
University of Arkansas
for Medical Sciences

Melissa L. Johnson, MD
Sarah Cannon Research
Institute

Optimized Treatment Starts With
Molecular Testing in NSCLC
“Molecular testing in the [treatment] of lung
cancer is very important, and even though testing
is important, treatment based on testing doesn’t
happen as often as we think for a variety of
reasons…. The earlier you have that information,
the better and more tailored therapy you can
provide to patients.”
READ MORE: bit.ly/3nE6gPu
Johnson Drives Home the Importance
of Biomarker Testing in Lung Cancer
“When we [perform next-generation sequencing],
we’re not always sure what we’re going to find….
You don’t know whether you’re going to find a
RET alteration or maybe a KRAS mutation, which
occurs in 30% of patients. In 30% of those KRAS
mutations, we see G12C [point mutations]. All
that to say: we’re learning as we go. We [talk]
about getting those results faster. How can we
bring patients to their most appropriate therapies
sooner? That should be some of the focus of 2022.
We know these tools are important. How do we
utilize them with more efficiency?”
READ MORE: bit.ly/3IpCR3P

Charu Aggarwal,
MD, MPH
Penn Medicine

Aggarwal Shines a Light
on Precision Medicine
“Molecular testing is here to stay. We can deliver
precision medicine and personalized treatment
approaches based on molecular testing, be it
germline [alterations] in cases of tumors [such
as] breast and ovarian, or [somatic alterations]
in diseases such as lung cancer, which is clearly
the poster child for the application of targeted
therapy…. A lot of progress has been made in
lung cancer over the past decade. Survival has
increased from less than 5% to greater than 25%.
Most of these advances have come from the
availability of targeted therapy. If we look at the
timeline, [the improvement in survival] coincides
with the availability of the first-generation EGFR
[tyrosine kinase inhibitors]. However, we will
continue to see gains based on immunotherapy
and how it has changed the landscape.”
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READ MORE: bit.ly/33PJk8S

How Virtual Scribes Can Reduce
EHR Headaches
by LISA ERAMO, MA

SCRIBES ARE INDIVIDUALS WHO works off-site or in a different area
of the practice (ie, not in the exam room) to document important aspects
of the encounter so the physician or other provider can focus on providing patient care and work more efficiently. Jonathan Weiss, MD, an internist
in Monticello, New York, has used a domestic virtual scribe for the past 4
years and says his scribe does just about everything except take vital signs,
draw blood, perform electrocardiograms, and administer vaccines. For
example, in addition to completing all relevant documentation, the scribe
listens to the doctor’s verbal instructions, then orders tests, initiates referrals, messages relevant office staff to obtain prior authorizations, and
checks off boxes in the electronic health record for quality measures. She
even navigates to different parts of the record to retrieve information for
Weiss upon request.
“Virtual scribing is one of the holy grails of making medicine tolerable again,” Weiss said. “During a 15-minute established patient visit, I can
produce an incredibly well-documented note, get all the tests ordered, and
stay on schedule.” Weiss is also able to see an additional 3 or 4 patients
per day without extending his hours. Previously, he would have stayed until
8:00 pm and paid his staff overtime. In addition, his medical assistant is not
tied to the computer and can engage patients more directly. “Working with
a remote scribe has been the single most work-changing thing I’ve done in
15 years,” he said.
At UW Health, an integrated health system of the University of WisconsinMadison that serves over 700,000 patients each year in the Upper Midwest,
working with virtual scribes was part of a deliberate effort to reduce physician burnout. “Providers didn’t go to school to document,” said Christine
Williams, RHIA, director of health information management at UW Health.
“They went to school to practice medicine and make a difference. With
virtual scribes, physicians can stay connected to the patient. This is true
whether it’s a small practice or a large academic medical center.”
Physicians at UW Health have the option of working with a virtual scribe.
If they opt in, they are required to see 1 additional patient per session
(ie, every 4 hours). This additional revenue covers most of the cost of
the scribe, Williams said. UW Health began its scribe offering with a pilot
program in 2019 that subsequently converted into a permanent program
focused on ambulatory providers.
Why offer a virtual scribe program? Preventing burnout ultimately reduces
costly physician turnover, according to Williams. “Physician resignation
and needing to fill vacancies is a very large cost, especially for small practices,” she said.

STRATEGIES FOR SUCCESS
Think a virtual scribe may be what you are looking for? Here are 6 tips to
help you succeed:
 Determine your “why.”
 Vet vendors carefully.
 Do not overlook cybersecurity.
 Set realistic expectations.
 Perform a pilot program.
 Think beyond traditional scribing roles.
This article has been edited for clarity and length.
For the full story, visit bit.ly/34TsyX1.
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Risk- and Response-Adaptive
Strategies Illuminate New Directions
for Multiple Myeloma
by TIMOTHY SCHMIDT, MD

TIMOTHY SCHMIDT, MD,
is an assistant professor in
the Department of Medicine,
Division of Hematology,
Medical Oncology, and
Palliative Care at the University
of Wisconsin (UW) School of
Medicine and Public Health,
and a member of the UW
Carbone Cancer Center in
Madison.

MULTIPLE MYELOMA IS CHARACTERIZED by dramatic
heterogeneity with regard to its clinical manifestations,
severity, genomic landscape, and outcomes. Despite this
heterogeneity, the current treatment paradigm for patients
with multiple myeloma is essentially a one-size-fits-all
approach. In general, treatment decisions are primarily based
on patient-specific factors such as age, comorbidities, and
response to prior treatment, rather than disease-specific factors
such as driver mutations, staging, and risk stratification.
Although cytogenetic abnormalities have helped to characterize prognosis and identify patients who are at high risk of early
progression, risk stratification has little effect on management
decisions for most patients with multiple myeloma.
The vast majority of patients receive initial therapy with
lenalidomide (R; Revlimid), bortezomib (V; Velcade), and
dexamethasone (d), with consolidative autologous stem
cell transplant (ASCT) for fit patients, followed by continuous maintenance therapy. Although many patients with MM
achieve many years—sometimes decades—of survival with
standard first-line therapy, others experience early progression in spite of aggressive management. Based on marked
variability in outcomes, the standard of care of continuous
therapy until progression for all patients with MM is now
being challenged in 2 very different ways.

RISK-ADAPTED THERAPY
For patients with high-risk disease who are able to tolerate
more aggressive therapy, the concept of risk-adapted therapy
has been an active area of investigation. Although lenalidomide
maintenance has shown to improve outcomes for almost all
subgroups after ASCT, patients with high-risk disease derive
less benefit, leading some to advocate for a more aggressive
approach in high-risk patients. The addition of a proteasome
inhibitor (PI) to maintenance therapy has been proposed for
high-risk patients based on the fact that bortezomib maintenance has been demonstrated to improve progression-free
survival (PFS) in patients with high-risk cytogenetics.1,2
In a single-center study, the use of extended-duration RVd
maintenance after transplant among high-risk patients resulted
in survival rates far higher than expected in this population.3
In the phase 2 FORTE study (NCT02203643), a second randomization evaluated the effect of adding biweekly carfilzomib
(K; Kyprolis) to lenalidomide maintenance, and found that KR
maintenance improved PFS compared with lenalidomide among
all patients, including those with high-risk cytogenetics, except
for those with amplification of 1q.4
Although improvement in PFS is certainly a requirement when considering maintenance therapy, it is critical to
remember that patients receiving maintenance therapy are
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largely in remission and that the patient experience and quality of life must remain paramount,
particularly if no overall survival benefit has
been proven. For patients at high risk of progression, whose disease may be more difficult to
control with subsequent therapies,
the PFS benefit of doublet maintenance may be worthwhile.
However, the burden and
toxicity of adding a PI
to maintenance may be
undesirable in most standard-risk patients, who
often achieve a durable
remission with standard
approaches. Furthermore,
based on emerging data
for the profound efficacy
of quadruplet induction
regimens, many patients—especially those with standard-risk
disease—may be eligible for an alternative strategy.
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RESPONSE-ADAPTED THERAPY
The eradication of minimal (or measurable) residual disease (MRD) is a powerful prognostic factor
in multiple myeloma. The presence of MRD after
initial therapy has consistently demonstrated
superiority over staging and cytogenetic risk in
terms of discriminating outcomes in patients
with newly diagnosed myeloma.5-7 In fact, patients
achieving sustained MRD negativity at a depth
of 10 -6 have an extremely low risk of progression, even with high-risk cytogenetics.8 In a study
examining the efficacy of ASCT with VRd induction and 1 year of lenalidomide maintenance,
more than 50% of patients with undetectable MRD
at a depth of 10 -6 remained without progression 6
years after discontinuing maintenance therapy.5
It remains unknown whether the achievement
of MRD negativity truly changes disease biology
and offers the prospect of functional cure, or if
it is simply a surrogate for disease that is highly
sensitive to standard therapies. Regardless, these
outcomes data beg the question of whether indefinite maintenance is still required for patients
with sustained MRD negativity.
MASTER (NCT03224507) was the first trial
to explore the feasibility of using MRD data to
inform decisions regarding whether to continue
intensive therapy. In this phase 2 trial, patients
were treated with daratumumab (Dara; Darzalex)
plus KRd induction for 4 cycles, followed by
ASCT and up to 8 additional cycles of DaraKRd
consolidation. MRD assessment was performed
by next-generation sequencing after induction,
transplant, and each 4-cycle block of consolidation. For patients who had undetectable
MRD on 2 consecutive assessments, treatment was discontinued, and patients underwent

surveillance for progression or MRD resurgence,
called MRD-SURE.
At the final data analysis for efficacy, 80% of
patients in this study (n = 123) achieved MRD
negativity at a depth of 10 -5, and 71% of patients
entered MRD-SURE. Investigators
reported an extremely low risk of
progression and/or MRD resurgence among patients with
either 0 or 1 high-risk cytogenetic abnormality, with
a cumulative incidence
of relapse or MRD resurgence of less than 5% at
12 months, compared
with 27% among patients
with 2 or more high-risk
cytogenetic abnormalities
with this strategy.9 Overall,
these data provide a strong
rationale for a response-adapted
de-escalation strategy for patients with
0 or 1 high-risk cytogenetic abnormality who
achieve sustained MRD negativity after intensive therapy. Further, these data urge caution for
this strategy among patients with very high-risk
disease and signal that alternative strategies
may be necessary to overcome poor outcomes in
this population.

Proper risk stratification is also critical for
successful implementation of a risk/response
adapted approach to newly diagnosed myeloma.
This includes identifying nontraditional risk
factors such as gain of chromosome 1q10 and/or
incorporating newer genomic techniques such
as whole-exome sequencing and gene expression profiling, the results of which may provide
additional prognostic or predictive information.
A proposed model of risk- and response-adapted
therapy, with key ongoing or upcoming clinical
trials at the UW Carbone Cancer Center to evaluate
these approaches, is shown in the Figure. Through
collaborative efforts to identify risk factors, other
biomarkers of outcomes, and targeted therapies, a risk and response-based model of care in
multiple myeloma is possible and offers the potential for longer and better lives for patients with
multiple myeloma. ■
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of past excellence and future breakthroughs

Since its inaugural year in 2013, the OncLive® Giants of Cancer Care® program has celebrated the
achievements of 126 leaders in the oncology and hematology field whose work has contributed to
remarkable improvements in outcomes for countless patients with cancer. An advisory panel of
eminent oncologists chooses the winners of these awards from an international roster of nominees.
As the program marks its 10th season, OncologyLive® is featuring selected profiles of the pioneers
and innovators whom we have been privileged to honor over the years.

For more information,
scan the QR code or visit
giantsofcancercare.com

An Investigator With a
Tenacious Approach to
Clinical Breakthroughs
EMIL J. FREIREICH, MD, DSC, was
the originator of combination chemotherapy for acute lymphoblastic leukemia (ALL),
the primary architect of the first cure for a
systemic cancer, a major contributor to the
cures for half a dozen other systemic cancers.
He died at age 93 in 2021.
Known for his confidence, passion, and
occasional ferocity, he was fired 8 times in
his career with colleagues and his friends
noting their shock the number was not higher.
He played a key role in transforming The
University of Texas MD Anderson Cancer
Center in Houston from a minor facility to one
of the world’s leading cancer centers serving
in various positions on staff from 1965 to 2015
and leading the Leukemia Research Program
there for decades. In 2005, the cancer center
established the Emil J. Freireich Award for
Excellence in Education in recognition of his
teaching contributions as a founding member
of The University of Texas Academy of Health
Science Education.
Many scientists fancy themselves daring
truth seekers who follow the evidence
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wherever it leads. He believed science
progresses when the daring ideas of each new
generation unseat the ossified convictions of
its elders. In 1955, a 27-year-old Freireich took
a job with the National Cancer Institute (NCI)
to escape the draft and, on the strength of a
hematology residency, was placed in charge
of the pediatric leukemia ward, a role which
gave him free reign to explore promising treatments. The resources at the brand-new facility
were unbelievably good, staff outnumbered
patients, laboratories were stocked with every
conceivable new technology, and investigators
were given the funding they needed.
Freireich took his job less than a decade
after the invention of the modern medical trial,
and was among the first people to apply the
technique to cancer care. He also had the good
fortune to serve a generation of people forged
by World War II, people who thought it normal
to take great risks in pursuit of great ends.
When his boss assigned him his job he said,
“I’ve got a good idea for you. Cure leukemia.”
And he meant it.
Still, it would have been hard for a visitor in

EMIL J.
FREIREICH, MD
1927-2021
The University of Texas
MD Anderson Cancer Center

the pediatric leukemia ward circa 1955 to imagine that such advantages would have enabled
Freireich to save any of his young patients. Only
a few years had passed since Sydney Farber had
devised the first treatments that had any effect
on systemic cancers, and the newest treatments
available to Freireich only extended efficacy
a few months.
Freireich tackled the most pressing issue
first—the only way to buy himself enough time
to address his patients’ leukemia was to get the
bleeding under control, so he began to study their
blood. What he saw looked normal, except for a
near total absence of platelets. Therefore took
his own platelet-rich blood, mixed it into patient
blood, and found that the platelets made it behave
normally. Others had made similar observations long before Freireich, but he was the first to
isolate the clot-inducing lipid inside platelets, now
known as platelet factor 3.
Freireich hypothesized that transfusions of
fresh blood would prevent his patients from bleeding to death. After randomized trials, published
work in the New England Journal of Medicine—
and a permanently severed connection with
an employee at the blood bank—his theory was
proved a breakthrough, not only in the treatment
of leukemia but in the treatment of many diseases
that cause dangerous bleeding.
Freireich and colleagues went on to establish how many platelets, given how frequently,
would keep patients safe from bleeding and built
a system for enrichment and delivery. Subsequent
investigative efforts have made some improvements, but the basic system remains in use today
and it has saved untold millions of lives.
Once Freireich had the bleeding under control,
he turned to the next most pressing problem,
which still was not leukemia itself, but infection. Careful examination quickly determined
that the blood of leukemia patients had virtually no neutrophils, and careful experimentation
quickly demonstrated that people needed a
certain concentration of these neutrophils to
fight off infections normally. Freireich quickly
realized, impossibly arduous to get enough
neutrophils for a large number of patients by
drawing donor blood pint-by-pint and putting
each pint into a centrifuge. He needed a device
that could separate the neutrophils into a bag and
simultaneously send the rest of the blood back to
the donor. Just as he was imagining this device—
which would have to work fast enough to separate
an entire body’s worth of blood in a reasonably
short time—an IBM engineer, whose son was
being treated at NCI, knocked on his door and
asked if he could do anything useful to help with
cancer research. Freireich gave the person a list
of the 7 properties he thought a continuous blood
separator would need and hoped for the best.
The engineer, whose name was George Judson,

convinced IBM not only to give him a paid sabbatical so he could design the device, but to also
donate parts. The resulting prototype has some
issues, but the worked well enough to serve as
proof-of-concept. Freireich and Judson had clearly
achieved a breakthrough and the NCI paid IBM to
make a professional version of the same design.
The resulting product dominated the market
for continuous blood separators for more than 5
decades. It was another world-changing advance
that saved millions of lives and gave researchers a powerful new tool that has benefited every
corner of hematology. The blood separator was
certainly a lifesaver for leukemia patients,
particularly after Freireich figured out a way to
stimulate the production of extra white blood cells
in healthy patients. It was later adapted for use
in immunotherapy to collect lymphocytes and in
bone marrow transplantation to collect stem cells.
“These days, getting permission to undertake
any individual step in the platelet or neutrophil
projects would take longer than the entire actual
duration of either project back then,” Freireich
said in 2015 at the time of his award reception.
“There were plenty of people who denounced the
experiments we did. But we had the guts to tell
them they were fools, and we had the incredible
luck to have a boss who understood what people
working all-out can accomplish.”
When Freireich first came to NCI, methotrexate, corticosteroids, and 6-mercaptopurine (6-MP)
were the only drugs known to have some therapeutic effect in patients with ALL. Methotrexate,
often produced remissions of 2 or 3 months, but
the cancer always returned. The other 2 drugs
just slowed disease progression slightly.
Each of the 3 drugs was always used as a monotherapy until Freireich read how medications
that ameliorated tuberculosis temporarily when
used sequentially could cure the disease when
used together. Freireich advocated a combination cancer treatment that added two-thirds the
normal dose of methotrexate to two-thirds the
normal dose of 6-MP. A few weeks later, he was

running trials with several colleagues and results
showed that remissions were more common and
more durable with the combination therapy.
Freireich later added a full dose of the steroid
prednisone, and the remissions continued, but
they were never permanent. The missing piece
came when Eli Lilly tried to sell the NCI vincristine, a new drug derived from periwinkle. Many
experts, including Freireich’s boss, thought the
new drug was more likely to harm patients with
ALL than help them, but Freireich in a small
trial the new drug produced an almost immediate remission in the first few patients. The results
showed an overall response rate of 55% among
pediatric patients treated with vincristine, which
was far more than any drug before it. Still, the
cancer kept coming back.
That all changed when Freireich asked for
permission to add vincristine to the other 3 drugs
and give all 4 in a combination that came to be
known as VAMP. All but 1 of the first 12 children
went into remission with a single course of the
combination, delivered over 2 weeks.
Freireich, however, knew that even the most
impressive remissions were not a proof of cure, so
he proposed something even more radical: giving
patients another 3 courses of the VAMP protocol
as they were in remission and appeared perfectly
healthy. He again secured permission to proceed
and produced one of the most celebrated trials in
the history of cancer treatment.
Although most of the first 27 patients to receive
the extra treatments relapsed, but almost a quarter of them were permanently cured—a first in the
battle against systemic cancer that would have
been utterly unthinkable just a few years before.
“If they gave the Nobel prize in medicine for
clinical advancements, rather purely scientific
discoveries, Emil J. Freireich— who’s known to
friends as J—would have been on at least 3 different prize-winning teams for the work he did
at NCI,” said Bart Barlogie, MD, a protégé of
Freireich and the 2018 Giants of Cancer Care®
award winner for Multiple Myeloma. ■
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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
51

27

52

28

20

13

Nausea

67

10

Vomiting

44

8

Constipation

36

5

Abdominal pain

34

7

Diarrhea

17

0.2

Anemiab
Thrombocytopenia

c

Neutropeniad
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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Venetoclax Shows Impressive Activity in Relapsed/
Refractory Waldenström Macroglobulinemia
by CHRIS RYAN

© IMMIMAGERY - STOCK.ADOBE.COM

VENETOCLAX (VENCLEXTA)
DEMONSTRATED A tolerable safety profile

of medicine at Harvard Medical School. “BTK
inhibitors also need to be taken indefinitely. This
study sought to determine if venetoclax can be
as effective as these treatments while avoiding
some of their downsides.”

and high activity in patients with relapsed or
refractory Waldenström macroglobulinemia
(WM), including those who had previously
received Bruton tyrosine kinase (BTK) inhibitors
and those harboring CXCR4 mutations, according
TRIAL DESIGN AND METHODS
to trial findings published in the Journal of
The prospective, multicenter phase 2 trial
Clinical Oncology.1
enrolled adult patients with WM who
had received previous treatment
Data from the phase 2 trial (NCT02677324)
and had an ECOG perforshowed an overall response rate (ORR) of 84%
mance score of 0 to 2,
(95% CI, 66%-95%) among 32 evaluable patients
acceptable bone marrow
in the study. The major response rate was 81%
function, creatinine
(95% CI, 63%-93%) with venetoclax, the very
clearance of at least
good partial response (VGPR) rate was 19%,
the partial response (PR) rate was 61%, and
50 mL/min, and adequate
the minor response rate was 3%. No patients
hepatic function.
achieved a complete response (CR).
Patients with central
“The findings of our study establish venetoclax
nervous system involveas an active and tolerable therapy in patients
ment, active HIV, or
with previously treated WM, regardless of previhepatitis B or C infecous exposure to BTK [inhibitors],” the study
tion were excluded. Other
authors wrote. “Given the manageable safety
exclusion criteria included
profile, future studies evaluating venetoclax in
receiving concurrent therapy
combination with anti-CD20 monoclonal antibodfor other cancer, being pregnant,
ies or BTK [inhibitors] are warranted.”
or breastfeeding.
BCL2, an essential regulator of the intrinThe first 6 patients enrolled in the trial
sic pathway of apoptosis, is overexpressed in
received oral venetoclax at a once-daily dose of
lymphoplasmacytic cells in patients with WM—
200 mg for 1 week, followed by 400 mg daily
particularly those with MYD88 mutations.
for 1 week, and then 800 mg daily for 2 years.
Venetoclax is approved for use in patients with
The remaining patients received venetoclax at
chronic lymphocytic leukemia (CLL) and acute
a daily dose of 400 mg for 1 week followed by
myeloid leukemia. Results from a prospective
800 mg daily for 2 years. Three days prior to
phase 1 study in which 4 patients with WM
starting venetoclax, all patients received alloreceived venetoclax showed that all achieved a
purinol at a once-daily dose of 300 mg, plus
major response to the agent.2
2 L hydration per day for tumor lysis prophylaxis. Allopurinol was continued for 4
“Currently, the main treatment
weeks, and if oral hydration was not
options for patients with this disease
optimal, patients went on to receive 2 L
are chemotherapy or drugs known as
of intravenous saline prior to the first
proteasome inhibitors [PIs], in combidose of venetoclax.
nation with monoclonal antibodies,
The primary objective of the research
or newer agents called BTK inhibiwas to determine the ORR with venetotors,” lead author Jorge J. Castillo, MD,
clax, including the minor response, PR,
clinical director of Bing Center for
Waldenström Macroglobulinemia at
Jorge J. Castillo, MD VGFR, and CR. Secondary objectives
comprised major response rate (PR or
Dana-Farber Cancer Institute in Boston,
better), time to response, duration of response,
Massachusetts, stated in a press release.3
progression-free survival (PFS), time to next
“[Although] these therapies are highly effectreatment (TTNT), and safety.
tive, they’re each associated with undesirable
[adverse] effects [AEs]: chemotherapy with
nausea, hair loss, fatigue, secondary leukeWM POPULATION
mia, and others, [and the] BTK inhibitors with
The median age among the 32 study particihypertension, heart arrhythmia, and bleeding,”
pants at the time of venetoclax initiation was
said Castillo, who is also an associate professor
66 years (range, 39-80), with a median age

of 58 years (range, 38-72) at the time of WM.
All 32 patients had an MYD88 L265P mutation
and 53% had a CXCR4 mutation. Thirty-eight
percent of patients had a high-risk score on
the International Prognostic Scoring System
for Waldenström Macroglobulinemia, 38%
had a low-risk score, and 25% had an intermediate-risk score.
The median number of prior therapies received was 2 (range,
1-10), and 38% of patients
had received at least 3. The
most common prior therapies received included
anti-CD20 monoclonal
antibodies (88%), PIs
(66%), BTK inhibitors
(50%), and chemotherapy (47%). Notably,
34% of patients were
refractory to their most
recent therapy. Of the 11
patients who were refractory, 4 were refractory to
PI-based regimens, 3 to BTK
inhibitors, 2 to single-agent CD20
monoclonal antibodies, 1 to bendamustine
and rituximab (Rituxan), and 1 to a
PI3K inhibitor.
Sixty-six percent of patients completed all
therapy cycles and received a median number
of 25.5 cycles of treatment (range, 1-26). Thirtyfour percent of patients did not complete therapy
due to several factors, including disease progression and initiation of new treatment (n = 6),
inability to swallow pills (n = 1), protocol nonadherence (n = 1), nonresponse (n = 1), issues
related to medical insurance coverage (n = 1),
and persistent pancytopenia (n = 1).

SUBGROUP ANALYSIS DATA
Additional data indicated that the ORR achieved
with venetoclax was lower in patients with
refractory vs relapsed disease, at 60% vs 95%
(P = .03). The ORR was also lower in those
who had received 3 or more prior lines of
therapy vs fewer than 3 lines, at 63% vs 95%
(P = .04). Prior BTK inhibitor exposure and positive CXCR4 mutational status were not linked
with a lower ORR for those treated with venetoclax in the study. However, the major response
rate was found to be significantly lower in those
with refractory vs relapsed disease, at 50% vs
95% (P = .007).
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disease vs relapsed disease, at 60% (95% CI,
25%-83%) vs 85% (95% CI, 60%-95%), respectively
(P = .006). The overall survival rate at 30 months
was 100% (95% CI, 89%-100%).

TABLE. Outc omes for Pat ient s With Relap sed or Re f r a c to r y W M by Su b gr o u p 1

Outcome

Population
All patients (n = 32)

ORR

84%

Minor response

3%

PR

61%

VGPR

19%

SAFETY DATA

Relapsed (n = 21)

Refractory (n = 11)

ORR

95%

60%

Minor response

0%

10%

PR

76%

30%

VGPR

19%

20%

1-2 prior lines of therapy
(n = 20)

≥ 3 lines of prior therapy
(n = 12)

ORR

95%

63%

Minor response

5%

0%

PR

65%

54%

VGPR

25%

9%

No prior BTKi (n = 16)

Prior BTKi (n = 16)

ORR

93%

75%

Minor response

7%

0%

PR

60%

63%

VGPR

27%

13%

CXCR4 wild type (n = 15)

CXCR4 mutant (n = 17)

ORR

86%

82%

Minor response

0%

6%

PR

57%

65%

VGPR

29%

12%

Lowa (n = 12)

Intermediatea (n = 8)

Higha (n = 12)

ORR

92%

71%

83%

Minor response

9%

0%

0%

PR

58%

43%

75%

VGPR

25%

29%

8%

BTKi, Bruton tyrosine kinase inhibitor; ORR, overall response rate; PR, partial response; VGPR, very good partial response;
WM, Waldenström macroglobulinemia.
a

Risk score determined by International Prognostic Scoring System for Waldenström Macroglobulinemia.

The median time to major response was 5.1
months (95% CI, 4.7-8.2), and the median time to
minor response was 1.9 months (95% CI, 1.1-2.1).
Moreover, prior exposure to BTK inhibitors was
associated with a longer median time to minor
response vs no prior exposure, at 4.5 months and
1.4 months, respectively (P < .001).
The median time to major response was also
longer in patients with prior BTK inhibitor
exposure than in those with no previous exposure
to those agents, at 8.5 months vs 4.4 months
(P < .001). This was also the case for those who
had received 3 or more prior lines of therapy
vs fewer lines, at 10.8 months vs 4.8 months
(P = .03), and those with refractory vs relapsed
disease, at 8.2 months vs 4.7 months (P = .007).
At a median follow-up of 33 months (range,
24-38), the median PFS was 30 months (95%
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CI, 27-38). The 12- and 24-month PFS rates
were 83% (95% CI, 64%-93%) and 80% (95% CI,
60%-90%), respectively. The only factors associated with a worse PFS were refractory disease
and having received at least 3 prior lines of
therapy (TAB L E 1).
The median DOR for the 19 patients who
achieved a PR with treatment was 34 months
(95% CI, 29-37), and 37 months (95% CI, 10–
not estimable) for those who experienced a
VGPR. Additionally, for the 1 patient who had
a minor response with venetoclax, the median
DOR was 9 months.
A total of 12 patients began a new therapy
following venetoclax, and the median TTNT had
not yet been reached. The 30-month rate without
subsequent therapy was 76% (95% CI, 57%-88%);
this rate was lower for those with refractory

Twenty-two percent of patients required a dose
reduction for reasons including neutropenia
(n = 2), fatigue (n = 1), diarrhea (n = 1), multiple
grade 2 events (n = 1), and dosing nonadherence (n = 1).
Grade 2 or higher AEs occurred in 94%
of patients who received venetoclax; 22% of
patients experienced grade 4 AEs, which
included neutropenia (n = 6) and febrile neutropenia (n = 1). One patient with generalized
lymphadenopathy (3.7 cm), splenomegaly (27
cm), and leukocytosis (59 K/uL) reported laboratory-determined tumor lysis syndrome that was
managed in the inpatient setting; the patient
responded to intravenous fluids and 1 dose of
rasburicase (Elitek).
The study authors found the results of the
trial encouraging for venetoclax’s efficacy for
previously treated WM. They wrote that future
studies are warranted on the combination of
venetoclax with anti-CD20 monoclonal antibodies or BTK inhibitors.
“The precise sequencing of BTK and BCL-2
inhibitors in WM remains to be clarified, and
further study will be required to address this
point,” the study authors concluded. “In CLL,
resistance to venetoclax post–BTK [inhibitor] exposure has been observed, whereas BTK
[inhibitors] appeared effective after venetoclax. Our results suggested similar levels of
efficacy for venetoclax for either BTKi-naïve or
previously exposed patients, thereby offering a
meaningful, active treatment option for those
previously exposed to a BTK [inhibitor].”
Finally, the study authors noted that combination therapy with BTK and BCL2 inhibitors such
as venetoclax and ibrutinib (Imbruvica) may
elicit more robust responses, including minimal
residual disease achievement, among patients
with newly diagnosed WM. Investigators are
evaluating 2 doses of this combination in an
ongoing phase 2 study (NCT04273139). ■
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Distinct Genomic Profile of Lung Cancer
in Never Smokers Comes Into Focus
by JANE DE LARTIGUE, PhD

DURING THE PAST 2 DECADES, the
treatment of patients with lung cancer has
undergone a paradigm shift, a transformation fueled by genome sequencing efforts that
have revealed oncogenic driver mutations and
fostered targeted drug development.
Tobacco smoking is the most significant risk
factor for lung cancer development1; therefore,
findings from studies of smoking-associated
disease largely have informed our current
understanding of the genomic background of
this cancer type. 2
Now a growing recognition of the distinct
clinical, pathological, and biological features
of lung cancers that arise in nonsmokers3 is
fostering greater interest in examining the
molecular underpinnings of lung cancer in this
patient subset, which by itself ranks among the
top 10 causes of cancer-related mortality.4
Findings from recent large-scale genome
sequencing studies of tumors from never smokers have demonstrated that differences between
tumors from smokers and nonsmokers extend
to the molecular level. 2,5 Data from these studies have important implications for the way
that patients with lung cancers are treated and
highlight the need for earlier identification of
disease in never smokers.

A CHANGING DISEASE
The era of precision medicine for non–small
cell lung cancer (NSCLC) has resulted in the
development of therapies for numerous targetable molecular alterations, including EGFR
mutations, ALK and ROS1 translocations, and
even the once-elusive KRAS mutations.6,7 The
development of immune checkpoint inhibitors targeting the PD-1 protein and its ligand,
PD-L1, has been another significant breakthrough in the treatment of NSCLC.8
Despite these therapeutic achievements,
accompanied by advances in screening, lung
cancer remains the leading cause of cancerrelated mortality in the United States,4 and the
prognosis for patients with advanced disease
continues to be poor.
The majority of cases (56%) are diagnosed
in the distant stage, after the cancer has
metastasized, according to the Surveillance,
Epidemiology, and End Results Program
data and staging criteria.9 The 5-year relative survival rate (2010-2016) for patients with
distant-stage disease is 7% for NSCLC and
3% for small cell lung cancer.10 The 60-month

TA B L E . C h a r a cteristics of Lung C a ncer in S moker s vs Never Sm o ker s 1 ,3 ,5 ,1 4 -1 8

Smokers

Never smokers

Proportion of global lung cancer cases

80%-90%

10%-20%

Average age at diagnosisa

70 years

70 years

Sex predominance

Male

Female

Stage IV at diagnosis

49%

62%

Histological makeup

• Occurs across histological subtypes
• Strongest association with SCLC and
SCC

• 85%-90% of cases are adenocarcinoma.
• SCC is much less common.
• SCLC is extremely rare.

Median TMB in adenocarcinomas

10-12 mutations/Mb

1-2 mutations/Mb

Dominant driver mutation

KRAS

EGFR

PD-L1 expression
(TPS ≥ 50%)

Higher
(28.3%)

Lower
(11.9%)

Mb, megabase; SCC, squamous cell carcinoma; SCLC, small cell lung cancer; TMB, tumor mutational burden; TPS, tumor proportion score.
The average age at diagnosis for all patients with lung cancer is 70 years. Efforts to identify potential differences in the average age of smokers vs
never smokers to date have resulted in conflicting results.

a

overall survival rate ranges from 68% in
patients with stage IB disease to 0% to 10% in
patients with stage IVA and IVB disease.11
Tobacco smoking is the leading cause of lung
cancer; there are more than 60 known carcinogens in tobacco smoke, which are thought to
contribute to the development of lung cancer
principally by generating DNA adducts that
foster mutagenesis.12
However, declining rates of smoking mean
that a growing proportion of lung cancers are
found in patients who have smoked fewer than
100 cigarettes in their lifetime (never smokers).
Never smokers made up 12.5% of patients diagnosed with lung malignancies (N = 129,309),
according to results of an analysis of data from
cancer registries of 7 states from 2011 to 2016.
The proportion of never smokers was highest
among patients with lung cancer who received
a diagnosis at aged 20 to 49 years, with 27.7% of
cases in women and 18.6% in men (F I G U R E 13).4,13
The drivers of lung cancer in these patients
are less clear than they are in smokers,
although a number of potential risk factors
have been identified, including secondhand smoke, environmental exposures, and
genetic factors. 3,14
What has become increasingly clear is that
lung cancer in never smokers is distinct from
that which arises in smokers in a number of
important ways (TAB L E 1,3,5,14-18). In addition to
histological and epidemiological differences in
lung cancers from never smokers, distinctions
in underlying molecular alterations have been
noted in many studies. 3,19

Comprehensive molecular profiling of lung
adenocarcinoma has provided valuable insights
into the genomic landscape of this cancer type
in the past decade20,21; however, the majority
of samples used in sequencing studies have
been from smokers. Until recently, instances of
whole-genome sequencing of lung cancer from
never smokers had been much more limited. 2
The publication of several comprehensive
sequencing studies focusing on lung cancer in
never smokers during the past 2 years reflects
a growing interest in illuminating the molecular pathogenesis underlying this disease and
how it differs from lung cancer in smokers.

DISTINCT MOLECULAR DRIVERS
In one such study, investigators performed
tumor and matched germline whole-exome
sequencing (WES) and RNA sequencing of lung
adenocarcinoma samples from never smokers
received from 3 US institutions (dubbed the
“institutional cohort”). They also analyzed WES
and RNA sequencing data from never-smoker
samples included in prior sequencing efforts by
The Cancer Genome Atlas (TCGA) and Clinical
Proteomic Tumor Analysis Consortium (CPTAC)
(external cohort).5
The analysis included 160 never-smoker
samples (84 from the institutional cohort and
76 from the external cohort), in addition to 299
smoker samples from the external cohort.5 The
median age at diagnosis was similar in the
smoking and nonsmoking patients, but there was
a higher prevalence of female patients among the
never smokers (69.4% vs 48.5%; P < .001).5
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Among tumor samples in the institutional
cohort (all never smokers), the median tumor
mutation burden (TMB) was 2.93 mutations per
megabase (Mb).5 Notably, TMB in lung adenocarcinoma samples from never smokers was
significantly lower than in those from smokers
in the sequencing study; median TMB was 1.25
and 1.95 mutations per Mb in the CPTAC and
TCGA samples of the external cohort for never
smokers compared with 9.1 and 10.83 mutations
per Mb, respectively, for smokers (P < .0001).5
Overall, lung cancers tend to have among the
highest TMBs among malignancies, according
to a 2017 analysis of diverse cases. The median
TMB ranged from 5.4 for lung adenosquamous
carcinoma to 12.2 for lung large cell carcinoma,
including 6.3 for lung adenocarcinoma. 22
Importantly, a driver alteration was identified
in 81% of never-smoker samples in the institutional cohort, the vast majority of which were
therapeutically actionable with FDA-approved
targeted therapies.5
A comparison of the mutation frequency of
20 genes known to be recurrently altered in
lung adenocarcinomas revealed that EGFR was
the most commonly mutated gene in never
smokers (51% of samples), whereas KRAS mutations were the most common among smokers
(35% of samples).5
This confirms findings from numerous other
studies establishing EGFR mutations as more
common in lung adenocarcinomas from never
smokers. Other key therapeutically actionable
driver alterations, including rearrangements
involving the ALK and ROS1 genes, have also
consistently been found more frequently in
never smokers.
Meanwhile, the likelihood of harboring KRAS
mutations was lower for never smokers than for
ever smokers among patients with lung cancer
both for those of Caucasian/mixed ethnicity (odds ratio [OR], 0.33) and Asian ethnicity
(OR, 0.39), according to findings from a 2016
meta-analysis. 23 In another study, investigators
found that KRAS mutations were less frequent
in samples from never smokers (15%) than in
former (22%) or current smokers (25%), although
the difference was not statistically significant. 24 The types of KRAS mutations observed
do appear to differ, however, with transition
mutations more common in never smokers and
transversion mutations in smokers.14
Study data also have shown that lung adenocarcinomas from never smokers are less likely
to express high levels of PD-L1 compared
with those from smokers; consistent with
this finding, never smokers are less responsive to immunotherapy.1,14 The authors of the
sequencing study discussed above found that
lung adenocarcinomas from never smokers
could be categorized into 3 different immune
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subtypes (IM-1, IM-2, and IM-3), which were
immunologically “cold” (IM-3 and select IM-2
samples) or “hot” (IM-1). The use of appropriate
biomarkers could help identify never smokers within the IM-1 subtype, who would be
more likely to respond to immune checkpoint
inhibitor therapy.5
Immunotherapy is less effective in patients
with EGFR mutations; therefore, patients with
these alterations have been excluded from
clinical trials of immune checkpoint inhibitors in lung cancer, which thereby largely
rules out never smokers. 25 Some investigators are seeking to change that equation. A
phase 2 trial (NCT03786692) evaluating the
combination of carboplatin, pemetrexed, and
bevacizumab (Avastin) with or without the
PD-L1 inhibitor atezolizumab (Tecentriq)
includes treatment-naïve never smokers with
wild-type tumors along with participants with
EGFR exon 19 or 21 mutations irrespective
of smoking history. Eligibility requirements
for all participants include stage IV nonsquamous NSCLC, no ALK or ROS1 rearrangements,
and no prior treatment with chemotherapy,
a VEGF inhibitor, or immunotherapy, except
tyrosine kinase inhibitors in patients with
EGFR-mutant tumors.

DIVIDE AND CONQUER?
In the Sherlock-Lung study, investigators at the
National Cancer Institute conducted wholegenome sequencing on tumors and matched
healthy tissues from 232 never smokers with
NSCLC, predominantly adenocarcinoma. 2
Again, the investigators found that more than
half of the tumor samples had known driver
alterations in components of receptor
tyrosine kinase signaling pathways; EGFR
was the most frequently altered gene (30.6%
of samples), followed by KRAS (7.3%), ALK
(6.0%), MET (4.3%), HER2 (3.9%), ROS1 (2.6%),
and RET (1.3%). 2
Most notably, however, the investigators
performed a cluster analysis of somatic copy
number alterations and identified 3 molecular
subtypes of NSCLC in never smokers. They
named these subtypes using terms from musical dynamics: piano, mezzo-forte, and forte. 2
The piano subtype was the most common,
representing almost half of all tumors. Piano
tumors were characterized by the lowest
median TMB (0.7 mutations/Mb), with few
known drivers. One exception to this was KRAS
mutations, which were overrepresented in
this subtype (more than 75% of KRAS-mutant
tumors were in the piano subtype). 2
The mezzo-forte subtype represented approximately one-third of tumors and had a higher
median TMB (1.6 mutations/Mb). More than
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Investigators from the US Centers for Disease Control and
Prevention and the American Cancer Society developed this
portrait of the smoking history of patients diagnosed with
malignant lung and bronchus cancer from January 2011 to
December 2016 using registry data from 7 states: Alaska,
Colorado, Florida, Idaho, Louisiana, North Carolina, and
Rhode Island.
Siegel DA, et al. JAMA Oncol. 2021;7(2):302-304. doi:10.1001/
jamaoncol.2020.6362

Beyond the Numbers

THE CHANGING FACE OF LUNG CANCER
by JANE DE LARTIGUE, PhD

MORE THAN 235,000 NEW cases and over
131,000 deaths were attributable to lung cancer
in 2021, making it one of the most common types
of cancer and the leading cause of cancer-related
mortality in both sexes in the United States.1
The most significant risk factor for lung cancer
is inhalation of carcinogens from tobacco smoking, which is estimated to be the direct cause of
more than 80% of cases, translating to more than
100,000 deaths attributable to smoking-related
lung cancer in 2021 in the United States.1,2
However, the development of lung cancer in
people who have smoked fewer than 100 cigarettes in their lifetime, referred to as never
smokers, represents a significant and growing burden, particularly among women.1 In the
United States, 8.9% of non–small cell lung cancer
(NSCLC) cases were in never smokers between
1990 and 1995; between 2011 and 2013, the
proportion had increased to 17%.3
Globally, current estimates suggest that never
smokers account for 10% to 25% of lung cancer
cases overall4,5; however, there is significant
geographic variation, with a much higher proportion observed in Asia.6,7
The growing percentage of lung cancers not
attributable to smoking is partly explained by
the declining rates of smoking; however, there
is some evidence to suggest that the absolute
numbers of lung cancer cases in never smokers
also may be increasing.5
The etiology of lung cancer in never smokers is poorly understood; however, an array of
risk factors have been identified. Most notable
are secondhand exposure to smoke and environmental exposure to radon, a gas resulting from
the radioactive decay of uranium and radium
isotopes in soil, rocks, and groundwater. Radon
can damage lung tissue through emission of
alpha particles as it further decays.8 Other potential causes include underlying lung disease and
chronic inflammation related to lung infections.
There also may be an inherited genetic component, with germline mutations in genes including
TERT, GPC5, and EGFR linked to an increased risk
of lung cancer in never smokers.7,8

are more likely to be identified in specimens
from smokers.9
These changes result in differences in the
mechanisms of action in patients with adenocarcinomas, the most prevalent lung cancer subtype,10
with carcinogenic activity promoted by EGFR
mutations in never smokers and by RAS pathway
activation in smokers (F I G U R E 9,11).9
Lung cancers are histologically heterogeneous,
but approximately 85% of cases are NSCLC,
with the remainder made up of small cell lung
cancer (SCLC). NSCLC can be further divided
into adenocarcinomas (40% of cases), squamous
cell carcinomas (25%-30%), and large cell carcinomas (5%-10%).10 Lung cancer in never smokers
is almost exclusively NSCLC; SCLC is extremely
rare in these patients. Never smokers also have
a greater preponderance of adenocarcinoma
compared with smokers.5
Irrespective of geographic area, lung cancer
in never smokers is more prevalent in female
patients. Globally, more than half of women with
lung cancer are never smokers, whereas 19% of
women with lung cancer in the United States are
never smokers compared with 9% of men.8 The

difference is particularly stark in Asian countries,
however, where 60% to 80% of women with lung
cancer are never smokers.10
Lung cancer in never smokers may be associated with a younger age at diagnosis. In Asian
populations, this correlation is fairly well established; however, there is conflicting evidence from
studies in Western populations.7,10
The jury is also still out on whether never having
smoked confers any advantage or disadvantage in terms of lung cancer treatment outcomes
and prognosis. Some studies have suggested
that never smokers may have a better response
to standard therapy and/or an improved overall prognosis compared with smokers, whereas
others have found no such difference.7,8 ■
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In the treatment of newly diagnosed, transplant-ineligible multiple myeloma1:

ADD TO THE MOMENTUM
WITH DARZALEX® + Rd IN FRONTLINE
Reach for a treatment that significantly extended
progression-free survival vs Rd alone in a clinical trial1-3

IMPORTANT SAFETY INFORMATION
DARZALEX® AND DARZALEX FASPRO®:
CONTRAINDICATIONS
DARZALEX® and DARZALEX FASPRO® are contraindicated in
patients with a history of severe hypersensitivity to daratumumab,
hyaluronidase (for DARZALEX FASPRO®), or any of the components
of the formulations.
DARZALEX®: Infusion-Related Reactions
DARZALEX® can cause severe and/or serious infusion-related
reactions including anaphylactic reactions. These reactions can be
life-threatening, and fatal outcomes have been reported. In clinical
trials (monotherapy and combination: N=2066), infusion-related
reactions occurred in 37% of patients with the Week 1
(16 mg/kg) infusion, 2% with the Week 2 infusion, and cumulatively
6% with subsequent infusions. Less than 1% of patients had a Grade
3/4 infusion-related reaction at Week 2 or subsequent infusions.
The median time to onset was 1.5 hours (range: 0 to 73 hours).
Nearly all reactions occurred during infusion or within 4 hours of
completing DARZALEX®. Severe reactions have occurred, including
bronchospasm, hypoxia, dyspnea, hypertension, tachycardia,
headache, laryngeal edema, and pulmonary edema.

Signs and symptoms may include respiratory symptoms, such as
nasal congestion, cough, throat irritation, as well as chills, vomiting,
and nausea. Less common symptoms were wheezing, allergic
rhinitis, pyrexia, chest discomfort, pruritus, and hypotension.
When DARZALEX® dosing was interrupted in the setting of ASCT
(CASSIOPEIA) for a median of 3.75 months (range: 2.4 to 6.9 months),
upon re-initiation of DARZALEX®, the incidence of infusion-related
reactions was 11% for the first infusion following ASCT. Infusionrelated reactions occurring at re-initiation of DARZALEX® following
ASCT were consistent in terms of symptoms and severity (Grade
3 or 4: <1%) with those reported in previous studies at Week 2 or
subsequent infusions. In EQUULEUS, patients receiving combination
treatment (n=97) were administered the first 16 mg/kg dose at Week
1 split over two days, ie, 8 mg/kg on Day 1 and Day 2, respectively.
The incidence of any grade infusion-related reactions was 42%, with
36% of patients experiencing infusion-related reactions on Day 1 of
Week 1, 4% on Day 2 of Week 1, and 8% with subsequent infusions.
Pre-medicate patients with antihistamines, antipyretics, and
corticosteroids. Frequently monitor patients during the entire
infusion. Interrupt DARZALEX® infusion for reactions of any severity
and institute medical management as needed. Permanently
discontinue DARZALEX® therapy if an anaphylactic reaction or
life-threatening (Grade 4) reaction occurs and institute appropriate

Powerful efficacy to start the treatment journey1,4

Efficacy results in long-term follow-up2,3

After a median ~30 months* of follow-up, mPFS was not
reached with DARZALEX® + Rd vs 31.9 months with Rd alone.1,4

At median ~5 years (56 months)‡ of follow-up, mPFS was
not reached with DRd vs 34.4 months with Rd alone.2

• 70.6% of patients had not progressed with DRd vs 55.6% of

• 53% of patients had not progressed after ~5 years of

patients in the Rd group (DRd: 95% CI, 65.0–75.4; Rd: 95% CI,
49.5–61.3)†

44%

reduction in the risk of disease progression or
death with DRd vs Rd alone (HR=0.56; 95% CI,
0.43–0.73; P<0.0001)

Demonstrated safety profile

treatment with DRd vs 29% with Rd alone (DRd: 95% CI, 47–58;
Rd: 95% CI, 23–35)†

47%

reduction in the risk of disease progression or death
with DRd vs Rd alone (HR=0.53; 95% CI, 0.43–0.66)

These ~5-year analyses were not adjusted for multiplicity
and are not included in the current Prescribing Information.

(median treatment duration of 25.3 months)1

• The most common adverse reactions (≥20%) were upper

respiratory infection, neutropenia, IRRs, thrombocytopenia,
diarrhea, constipation, anemia, peripheral sensory
neuropathy, fatigue, peripheral edema, nausea, cough,
pyrexia, dyspnea, and asthenia

• Serious adverse reactions with a 2% greater incidence in the

DRd arm compared with the Rd arm were pneumonia (DRd
15% vs Rd 8%), bronchitis (DRd 4% vs Rd 2%), and dehydration
(DRd 2% vs Rd <1%)

MAIA Study Design: A phase 3 global, randomized, open-label
study, compared treatment with DRd (n=368) to Rd (n=369) in
adult patients with newly diagnosed, transplant-ineligible multiple
myeloma. Treatment was continued until disease progression or
unacceptable toxicity. The primary efficacy endpoint was PFS.1

CI=confidence interval; DRd=DARZALEX® (D) + lenalidomide (R) + dexamethasone
(d); HR=hazard ratio; IRR=injection-related reaction; mPFS=median progression-free
survival; PFS=progression-free survival; Rd=lenalidomide (R) + dexamethasone (d);
TEAE=treatment-emergent adverse event.
*Range: 0.0-41.4 months.4
†
Kaplan-Meier estimate.
‡
Range: 0.03-69.52 months.3
§
TEAEs are defined as any adverse event (AE) that occurs after start of the first study
treatment through 30 days after the last study treatment; or the day prior to start of
subsequent antimyeloma therapy, whichever is earlier; or any AE that is considered
drug related (very likely, probably, or possibly related) regardless of the start date
of the event; or any AE that is present at baseline but worsens in toxicity grade or is
subsequently considered drug related by the investigator.
ll
3 to 5 minutes refers to the time it takes to administer DARZALEX FASPRO® and does
not account for all aspects of treatment. For intravenous daratumumab, median
durations of 16 mg/kg infusions for the first, second, and subsequent infusions were
approximately 7, 4, and 3 hours, respectively.1,5

emergency care. For patients with Grade 1, 2, or 3 reactions,
reduce the infusion rate when re-starting the infusion.
To reduce the risk of delayed infusion-related reactions, administer
oral corticosteroids to all patients following DARZALEX® infusions.
Patients with a history of chronic obstructive pulmonary disease
may require additional post-infusion medications to manage
respiratory complications. Consider prescribing short- and longacting bronchodilators and inhaled corticosteroids for patients with
chronic obstructive pulmonary disease.
DARZALEX FASPRO®: Hypersensitivity and Other
Administration Reactions
Both systemic administration-related reactions, including severe
or life-threatening reactions, and local injection-site reactions
can occur with DARZALEX FASPRO®. Fatal reactions have been
reported with daratumumab-containing products, including
DARZALEX FASPRO®.
Systemic Reactions
In a pooled safety population of 832 patients with multiple
myeloma (N=639) or light chain (AL) amyloidosis (N=193) who
received DARZALEX FASPRO® as monotherapy or in combination, 9%
of patients experienced a systemic administration-related reaction
(Grade 2: 3.5%, Grade 3: 0.8%). Systemic administration-related

Safety results in long-term follow-up

(median treatment duration of 47.5 months)2
At median ~5 years of follow-up2,3:

• Most frequent TEAEs

≥30% were diarrhea, neutropenia,
fatigue, constipation, peripheral edema, anemia, back
pain, asthenia, nausea, bronchitis, cough, dyspnea,
insomnia, weight decreased, peripheral sensory
neuropathy, pneumonia, and muscle spasms
§

• Grade 3/4 infections were 41% for DRd vs 29% for Rd
• Grade 3/4 TEAEs ≥10% were neutropenia (54% for DRd

vs 37% for Rd), pneumonia (19% vs 11%), anemia (17% vs
22%), lymphopenia (16% vs 11%), hypokalemia (13% vs 10%),
leukopenia (12% vs 6%), and cataract (11% vs 11%)

These ~5-year analyses are not included in the current
Prescribing Information.

With an ~3 to 5 minute subcutaneous injection,
DARZALEX FASPRO® can be administered substantially faster
than intravenous daratumumab1,5 II

See the latest data rolling out.
Visit FrontlineMomentum.com

reactions occurred in 8% of patients with the first injection, 0.4%
with the second injection, and cumulatively 1% with subsequent
injections. The median time to onset was 3.2 hours (range: 9
minutes to 3.5 days). Of the 129 systemic administration-related
reactions that occurred in 74 patients, 110 (85%) occurred on
the day of DARZALEX FASPRO® administration. Delayed systemic
administration-related reactions have occurred in 1% of the
patients.
Severe reactions included hypoxia, dyspnea, hypertension, and
tachycardia. Other signs and symptoms of systemic administrationrelated reactions may include respiratory symptoms, such as
bronchospasm, nasal congestion, cough, throat irritation, allergic
rhinitis, and wheezing, as well as anaphylactic reaction, pyrexia,
chest pain, pruritus, chills, vomiting, nausea, and hypotension.
Pre-medicate patients with histamine-1 receptor antagonist,
acetaminophen, and corticosteroids. Monitor patients for systemic
administration-related reactions, especially following the first and
second injections. For anaphylactic reaction or life-threatening
(Grade 4) administration-related reactions, immediately and
permanently discontinue DARZALEX FASPRO®.

IMPORTANT SAFETY INFORMATION CONTINUES ON NEXT PAGE

Consider administering corticosteroids and other medications after
the administration of DARZALEX FASPRO® depending on dosing
regimen and medical history to minimize the risk of delayed (defined
as occurring the day after administration) systemic administrationrelated reactions.
Local Reactions
In this pooled safety population, injection-site reactions occurred in
8% of patients, including Grade 2 reactions in 0.6%. The most frequent
(>1%) injection-site reaction was injection-site erythema. These local
reactions occurred a median of 5.5 minutes (range: 0 minutes to 6.5
days) after starting administration of DARZALEX FASPRO®. Monitor for
local reactions and consider symptomatic management.
DARZALEX® and DARZALEX FASPRO®: Neutropenia and
Thrombocytopenia
DARZALEX® and DARZALEX FASPRO® may increase neutropenia
and thrombocytopenia induced by background therapy. Monitor
complete blood cell counts periodically during treatment according
to manufacturer’s prescribing information for background therapies.
Monitor patients with neutropenia for signs of infection. Consider
withholding DARZALEX® or DARZALEX FASPRO® until recovery of
neutrophils or for recovery of platelets.
In lower body weight patients receiving DARZALEX FASPRO®, higher
rates of Grade 3-4 neutropenia were observed.
DARZALEX® and DARZALEX FASPRO®: Interference With
Serological Testing
Daratumumab binds to CD38 on red blood cells (RBCs) and
results in a positive indirect antiglobulin test (indirect Coombs test).
Daratumumab-mediated positive indirect antiglobulin test may
persist for up to 6 months after the last daratumumab administration.
Daratumumab bound to RBCs masks detection of antibodies to minor
antigens in the patient’s serum. The determination of a patient’s ABO
and Rh blood type are not impacted. Notify blood transfusion centers
of this interference with serological testing and inform blood banks
that a patient has received DARZALEX® and DARZALEX FASPRO®.
Type and screen patients prior to starting DARZALEX® and
DARZALEX FASPRO®.
DARZALEX® and DARZALEX FASPRO®: Interference With Determination
of Complete Response
Daratumumab is a human immunoglobulin G (IgG) kappa
monoclonal antibody that can be detected on both the serum
protein electrophoresis (SPE) and immunofixation (IFE) assays used for
the clinical monitoring of endogenous M-protein. This interference
can impact the determination of complete response and of disease
progression in some patients with IgG kappa myeloma protein.

insomnia, pyrexia, cough, muscle spasms, back pain, vomiting, upper
respiratory tract infection, peripheral sensory neuropathy, constipation,
and pneumonia. The most common hematologic laboratory
abnormalities (≥40%) with DARZALEX FASPRO® are decreased
leukocytes, decreased lymphocytes, decreased neutrophils,
decreased platelets, and decreased hemoglobin.

INDICATIONS
DARZALEX® (daratumumab) is indicated for the treatment of adult
patients with multiple myeloma:
• In combination with lenalidomide and dexamethasone in newly
diagnosed patients who are ineligible for autologous stem cell
transplant and in patients with relapsed or refractory multiple
myeloma who have received at least one prior therapy
• In combination with bortezomib, melphalan, and prednisone in
newly diagnosed patients who are ineligible for autologous stem cell
transplant
• In combination with bortezomib, thalidomide, and dexamethasone
in newly diagnosed patients who are eligible for autologous stem
cell transplant
• In combination with bortezomib and dexamethasone in patients
who have received at least one prior therapy
• In combination with carfilzomib and dexamethasone in patients with
relapsed or refractory multiple myeloma who have received one to
three prior lines of therapy
• In combination with pomalidomide and dexamethasone in
patients who have received at least two prior therapies including
lenalidomide and a proteasome inhibitor (PI)
• As monotherapy in patients who have received at least three prior
lines of therapy including a PI and an immunomodulatory agent or
who are double-refractory to a PI and an immunomodulatory agent
DARZALEX FASPRO® (daratumumab and hyaluronidase-fihj) is
indicated for the treatment of adult patients with multiple myeloma:
• In combination with bortezomib, melphalan, and prednisone in
newly diagnosed patients who are ineligible for autologous stem cell
transplant
• In combination with lenalidomide and dexamethasone in newly
diagnosed patients who are ineligible for autologous stem cell
transplant and in patients with relapsed or refractory multiple
myeloma who have received at least one prior therapy
• In combination with bortezomib, thalidomide, and dexamethasone
in newly diagnosed patients who are eligible for autologous stem
cell transplant

DARZALEX® and DARZALEX FASPRO®: Embryo-Fetal Toxicity
Based on the mechanism of action, DARZALEX® and
DARZALEX FASPRO® can cause fetal harm when administered to a
pregnant woman. DARZALEX® and DARZALEX FASPRO® may cause
depletion of fetal immune cells and decreased bone density. Advise
pregnant women of the potential risk to a fetus. Advise females with
reproductive potential to use effective contraception during treatment
with DARZALEX® or DARZALEX FASPRO® and for 3 months after the last
dose.

• In combination with pomalidomide and dexamethasone in patients
who have received at least one prior line of therapy including
lenalidomide and a proteasome inhibitor (PI)

The combination of DARZALEX® or DARZALEX FASPRO® with
lenalidomide, pomalidomide, or thalidomide is contraindicated
in pregnant women because lenalidomide, pomalidomide, and
thalidomide may cause birth defects and death of the unborn child.
Refer to the lenalidomide, pomalidomide, or thalidomide prescribing
information on use during pregnancy.

Please see Brief Summary of full Prescribing Information for DARZALEX®
and DARZALEX FASPRO® on adjacent pages.

DARZALEX®: ADVERSE REACTIONS
The most frequently reported adverse reactions (incidence ≥20%)
were: upper respiratory infection, neutropenia, infusion-related
reactions, thrombocytopenia, diarrhea, constipation, anemia,
peripheral sensory neuropathy, fatigue, peripheral edema, nausea,
cough, pyrexia, dyspnea, and asthenia. The most common
hematologic laboratory abnormalities (≥40%) with DARZALEX®
are: neutropenia, lymphopenia, thrombocytopenia, leukopenia,
and anemia.

• In combination with bortezomib and dexamethasone in patients
who have received at least one prior therapy
• As monotherapy in patients who have received at least three prior
lines of therapy including a PI and an immunomodulatory agent or
who are double-refractory to a PI and an immunomodulatory agent

cp-248517v1
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DARZALEX FASPRO®: ADVERSE REACTIONS
In multiple myeloma, the most common adverse reaction (≥20%) with
DARZALEX FASPRO® monotherapy is upper respiratory tract infection.
The most common adverse reactions with combination therapy (≥20%
for any combination) include fatigue, nausea, diarrhea, dyspnea,
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DARZALEX® (daratumumab) injection, for intravenous use
Brief Summary of Full Prescribing Information
INDICATIONS AND USAGE
DARZALEX is indicated for the treatment of adult patients with multiple myeloma:
• in combination with lenalidomide and dexamethasone in newly diagnosed patients who are ineligible
for autologous stem cell transplant and in patients with relapsed or refractory multiple myeloma who
have received at least one prior therapy.
CONTRAINDICATIONS
DARZALEX is contraindicated in patients with a history of severe hypersensitivity (e.g. anaphylactic
reactions) to daratumumab or any of the components of the formulation [see Warnings and Precautions].
WARNINGS AND PRECAUTIONS
Infusion-Related Reactions
DARZALEX can cause severe and/or serious infusion-related reactions including anaphylactic reactions.
These reactions can be life-threatening and fatal outcomes have been reported [see Adverse Reactions].
In clinical trials (monotherapy and combination: N=2,066), infusion-related reactions occurred in 37%
of patients with the Week 1 (16 mg/kg) infusion, 2% with the Week 2 infusion, and cumulatively 6% with
subsequent infusions. Less than 1% of patients had a Grade 3/4 infusion-related reaction at Week 2 or
subsequent infusions. The median time to onset was 1.5 hours (range: 0 to 73 hours). The incidence of
infusion modification due to reactions was 36%. Median durations of 16 mg/kg infusions for the Week 1,
Week 2, and subsequent infusions were approximately 7, 4, and 3 hours respectively. Nearly all reactions
occurred during infusion or within 4 hours of completing DARZALEX. Prior to the introduction of postinfusion medication in clinical trials, infusion-related reactions occurred up to 48 hours after infusion.
Severe reactions have occurred, including bronchospasm, hypoxia, dyspnea, hypertension, tachycardia,
headache, laryngeal edema and pulmonary edema. Signs and symptoms may include respiratory
symptoms, such as nasal congestion, cough, throat irritation, as well as chills, vomiting and nausea. Less
common symptoms were wheezing, allergic rhinitis, pyrexia, chest discomfort, pruritus, and hypotension
[see Adverse Reactions].
When DARZALEX dosing was interrupted in the setting of ASCT (CASSIOPEIA) for a median of 3.75 months
(range: 2.4 to 6.9 months), upon re-initiation of DARZALEX, the incidence of infusion-related reactions was
11% for the first infusion following ASCT. Infusion rate/dilution volume used upon re-initiation was that
used for the last DARZALEX infusion prior to interruption for ASCT. Infusion-related reactions occurring at
re-initiation of DARZALEX following ASCT were consistent in terms of symptoms and severity (Grade 3 or
4:<1%) with those reported in previous studies at Week 2 or subsequent infusions.
In EQUULEUS, patients receiving combination treatment (n=97) were administered the first 16 mg/kg dose
at Week 1 split over two days i.e. 8 mg/kg on Day 1 and Day 2, respectively. The incidence of any grade
infusion-related reactions was 42%, with 36% of patients experiencing infusion-related reactions on Day 1
of Week 1, 4% on Day 2 of Week 1, and 8% with subsequent infusions. The median time to onset of a reaction
was 1.8 hours (range: 0.1 to 5.4 hours). The incidence of infusion interruptions due to reactions was 30%.
Median durations of infusions were 4.2 hours for Week 1-Day 1, 4.2 hours for Week 1-Day 2, and 3.4 hours
for the subsequent infusions.
Pre-medicate patients with antihistamines, antipyretics and corticosteroids. Frequently monitor patients
during the entire infusion [see Dosage and Administration (2.3) in Full Prescribing Information]. Interrupt
DARZALEX infusion for reactions of any severity and institute medical management as needed. Permanently
discontinue DARZALEX therapy if an anaphylactic reaction or life-threatening (Grade 4) reaction occurs
and institute appropriate emergency care. For patients with Grade 1, 2, or 3 reactions, reduce the infusion
rate when re-starting the infusion [see Dosage and Administration (2.4) in Full Prescribing Information].
To reduce the risk of delayed infusion-related reactions, administer oral corticosteroids to all patients
following DARZALEX infusions [see Dosage and Administration (2.3) in Full Prescribing Information].
Patients with a history of chronic obstructive pulmonary disease may require additional post-infusion
medications to manage respiratory complications. Consider prescribing short- and long-acting
bronchodilators and inhaled corticosteroids for patients with chronic obstructive pulmonary disease [see
Dosage and Administration (2.3) in Full Prescribing Information].
Interference with Serological Testing
Daratumumab binds to CD38 on red blood cells (RBCs) and results in a positive Indirect Antiglobulin Test
(Indirect Coombs test). Daratumumab-mediated positive indirect antiglobulin test may persist for up to
6 months after the last daratumumab infusion. Daratumumab bound to RBCs masks detection of antibodies
to minor antigens in the patient’s serum [see References]. The determination of a patient’s ABO and Rh
blood type are not impacted [see Drug Interactions].
Notify blood transfusion centers of this interference with serological testing and inform blood banks that
a patient has received DARZALEX. Type and screen patients prior to starting DARZALEX [see Dosage and
Administration (2.1) in Full Prescribing Information].
Neutropenia
DARZALEX may increase neutropenia induced by background therapy [see Adverse Reactions].
Monitor complete blood cell counts periodically during treatment according to manufacturer’s prescribing
information for background therapies. Monitor patients with neutropenia for signs of infection. Consider
withholding DARZALEX until recovery of neutrophils.
Thrombocytopenia
DARZALEX may increase thrombocytopenia induced by background therapy [see Adverse Reactions].
Monitor complete blood cell counts periodically during treatment according to manufacturer’s prescribing
information for background therapies. Consider withholding DARZALEX until recovery of platelets.
Interference with Determination of Complete Response
Daratumumab is a human IgG kappa monoclonal antibody that can be detected on both, the serum protein
electrophoresis (SPE) and immunofixation (IFE) assays used for the clinical monitoring of endogenous
M-protein [see Drug Interactions]. This interference can impact the determination of complete response
and of disease progression in some patients with IgG kappa myeloma protein.
Embryo-Fetal Toxicity
Based on the mechanism of action, DARZALEX can cause fetal harm when administered to a pregnant
woman. DARZALEX may cause depletion of fetal immune cells and decreased bone density. Advise
pregnant women of the potential risk to a fetus. Advise females with reproductive potential to use effective
contraception during treatment with DARZALEX and for 3 months after the last dose [see Use in Specific
Populations].
The combination of DARZALEX with lenalidomide, pomalidomide, or thalidomide is contraindicated in
pregnant women, because lenalidomide, pomalidomide, and thalidomide may cause birth defects and
death of the unborn child. Refer to the lenalidomide, pomalidomide, or thalidomide prescribing information
on use during pregnancy.
ADVERSE REACTIONS
The following clinically significant adverse reactions are described elsewhere in the labeling:
• Infusion-related reactions [see Warning and Precautions].
• Neutropenia [see Warning and Precautions].
• Thrombocytopenia [see Warning and Precautions].
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 data described below reflects exposure to DARZALEX (16 mg/kg) in 2,459 patients with multiple
myeloma including 2,303 patients who received DARZALEX in combination with background regimens and
156 patients who received DARZALEX as monotherapy. In this pooled safety population, the most common
adverse reactions (≥20%) were upper respiratory infection, neutropenia, infusion-related reactions,
thrombocytopenia, diarrhea, constipation, anemia, peripheral sensory neuropathy, fatigue, peripheral
edema, nausea, cough, pyrexia, dyspnea, and asthenia.
Newly Diagnosed Multiple Myeloma Ineligible for Autologous Stem Cell Transplant
Combination Treatment with Lenalidomide and Dexamethasone (DRd)
The safety of DARZALEX in combination with lenalidomide and dexamethasone was evaluated in MAIA
[see Clinical Studies (14.1) in Full Prescribing Information]. Adverse reactions described in Table 1 reflect
exposure to DARZALEX for a median treatment duration of 25.3 months (range: 0.1 to 40.44 months) for
daratumumab-lenalidomide-dexamethasone (DRd) and of 21.3 months (range: 0.03 to 40.64 months) for
lenalidomide-dexamethasone (Rd).
Serious adverse reactions with a 2% greater incidence in the DRd arm compared to the Rd arm were
pneumonia (DRd 15% vs Rd 8%), bronchitis (DRd 4% vs Rd 2%) and dehydration (DRd 2% vs Rd <1%).
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Table 1: Adverse Reactions Reported in ≥10% of Patients and With at Least a 5% Greater Frequency in
the DRd Arm in MAIA
Body System
DRd (N=364)
Rd (N=365)
Adverse Reaction
All Grades Grade 3
Grade 4
All Grades Grade 3
Grade 4
(%)
(%)
(%)
(%)
(%)
(%)
Gastrointestinal disorders
Diarrhea
57
7
0
46
4
0
Constipation
41
1
<1
36
<1
0
Nausea
32
1
0
23
1
0
Vomiting
17
1
0
12
<1
0
Infections
Upper respiratory tract
52
2
<1
36
2
<1
infectiona
29
3
0
21
1
0
Bronchitisb
26
14
1
14
7
1
Pneumoniac
Urinary tract infection
18
2
0
10
2
0
General disorders and administration site conditions
Infusion-related reactionsd 41
2
<1
0
0
0
41
2
0
33
1
0
Peripheral edemae
Fatigue
40
8
0
28
4
0
Asthenia
32
4
0
25
3
<1
Pyrexia
23
2
0
18
2
0
Chills
13
0
0
2
0
0
Musculoskeletal and connective tissue disorders
Back pain
34
3
<1
26
3
<1
Muscle spasms
29
1
0
22
1
0
Respiratory, thoracic and mediastinal disorders
Dyspneaf
32
3
<1
20
1
0
30
<1
0
18
0
0
Coughg
Nervous system disorders
Peripheral sensory
24
1
0
15
0
0
neuropathy
Headache
19
1
0
11
0
0
Paresthesia
16
0
0
8
0
0
Metabolism and nutrition disorders
Decreased appetite
22
1
0
15
<1
<1
Hyperglycemia
14
6
1
8
3
1
Hypocalcemia
14
1
<1
9
1
1
Vascular disorders
Hypertensionh
13
6
<1
7
4
0
Key: D=daratumumab, Rd=lenalidomide-dexamethasone.
a
Acute sinusitis, Bacterial rhinitis, Laryngitis, Metapneumovirus infection, Nasopharyngitis,
Oropharyngeal candidiasis, Pharyngitis, Respiratory syncytial virus infection, Respiratory tract
infection, Respiratory tract infection viral, Rhinitis, Rhinovirus infection, Sinusitis, Tonsillitis, Tracheitis,
Upper respiratory tract infection, Viral pharyngitis, Viral rhinitis, Viral upper respiratory tract infection
b Bronchiolitis, Bronchitis, Bronchitis viral, Respiratory syncytial virus bronchiolitis, Tracheobronchitis
c
Atypical pneumonia, Bronchopulmonary aspergillosis, Lung infection, Pneumocystis jirovecii infection,
Pneumocystis jirovecii pneumonia, Pneumonia, Pneumonia aspiration, Pneumonia pneumococcal,
Pneumonia viral, Pulmonary mycosis
d
Infusion-related reaction includes terms determined by investigators to be related to infusion
e Generalized edema, Gravitational edema, Edema, Peripheral edema, Peripheral swelling
f Dyspnea, Dyspnea exertional
g Cough, Productive cough
h Blood pressure increased, Hypertension
Laboratory abnormalities worsening during treatment from baseline listed in Table 2.
Table 2: Treatment-Emergent Hematology Laboratory Abnormalities in MAIA
DRd (N=364)
Rd (N=365)
All Grades Grade 3
Grade 4
All Grades Grade 3
Grade 4
(%)
(%)
(%)
(%)
(%)
(%)
Leukopenia
90
30
5
82
20
4
Neutropenia
91
39
17
77
28
11
Lymphopenia
84
41
11
75
36
6
Thrombocytopenia
67
6
3
58
7
4
Anemia
47
13
0
57
24
0
Key: D=daratumumab, Rd=lenalidomide-dexamethasone.
Relapsed/Refractory Multiple Myeloma
Combination Treatment with Lenalidomide and Dexamethasone
The safety of DARZALEX in combination with lenalidomide and dexamethasone was evaluated in POLLUX
[see Clinical Studies (14.2) in Full Prescribing Information]. Adverse reactions described in Table 3
reflect exposure to DARZALEX for a median treatment duration of 13.1 months (range: 0 to 20.7 months)
for daratumumab-lenalidomide-dexamethasone (DRd) and of 12.3 months (range: 0.2 to 20.1 months) for
lenalidomide-dexamethasone (Rd).
Serious adverse reactions occurred in 49% of patients in the DRd arm compared with 42% in the Rd arm.
Serious adverse reactions with at least a 2% greater incidence in the DRd arm compared to the Rd arm
were pneumonia (DRd 12% vs Rd 10%), upper respiratory tract infection (DRd 7% vs Rd 4%), influenza and
pyrexia (DRd 3% vs Rd 1% for each).
Adverse reactions resulted in discontinuations for 7% (n=19) of patients in the DRd arm versus 8% (n=22)
in the Rd arm.
Table 3: Adverse Reactions Reported in ≥ 10% of Patients and With at Least a 5% Greater Frequency
in the DRd Arm in POLLUX
Adverse Reaction
DRd (N=283)
Rd (N=281)
All Grades Grade 3
Grade 4
All Grades Grade 3
Grade 4
(%)
(%)
(%)
(%)
(%)
(%)
Infections
Upper respiratory tract
65
6
<1
51
4
0
infectiona
General disorders and administration site conditions
48
5
0
0
0
0
Infusion-related
reactionsb
Fatigue
35
6
<1
28
2
0
Pyrexia
20
2
0
11
1
0
Gastrointestinal disorders
Diarrhea
43
5
0
25
3
0
Nausea
24
1
0
14
0
0
Vomiting
17
1
0
5
1
0
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Table 3: Adverse Reactions Reported in ≥ 10% of Patients and With at Least a 5% Greater Frequency
in the DRd Arm in POLLUX (continued)
Adverse Reaction
DRd (N=283)
Rd (N=281)
All Grades Grade 3
Grade 4
All Grades Grade 3
Grade 4
(%)
(%)
(%)
(%)
(%)
(%)
Respiratory, thoracic and mediastinal disorders
30
0
0
15
0
0
Coughc
21
3
<1
12
1
0
Dyspnead
Musculoskeletal and connective tissue disorders
Muscle spasms
26
1
0
19
2
0
Nervous system disorders
Headache
13
0
0
7
0
0
Key: D=daratumumab, Rd=lenalidomide-dexamethasone.
a upper respiratory tract infection, bronchitis, sinusitis, respiratory tract infection viral, rhinitis, pharyngitis,
respiratory tract infection, metapneumovirus infection, tracheobronchitis, viral upper respiratory tract
infection, laryngitis, respiratory syncytial virus infection, staphylococcal pharyngitis, tonsillitis, viral
pharyngitis, acute sinusitis, nasopharyngitis, bronchiolitis, bronchitis viral, pharyngitis streptococcal,
tracheitis, upper respiratory tract infection bacterial, bronchitis bacterial, epiglottitis, laryngitis viral,
oropharyngeal candidiasis, respiratory moniliasis, viral rhinitis, acute tonsillitis, rhinovirus infection
b Infusion-related reaction includes terms determined by investigators to be related to infusion
c cough, productive cough, allergic cough
d dyspnea, dyspnea exertional

USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
DARZALEX can cause fetal harm when administered to a pregnant woman. The assessment of associated
risks with daratumumab products is based on the mechanism of action and data from target antigen CD38
knockout animal models (see Data). There are no available data on the use of DARZALEX in pregnant
women to evaluate drug-associated risk of major birth defects, miscarriage or adverse maternal or fetal
outcomes. Animal reproduction studies have not been conducted.
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 outcomes. 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.
The combination of DARZALEX and lenalidomide, pomalidomide, or thalidomide is contraindicated in pregnant
women, because lenalidomide, pomalidomide, and thalidomide may cause birth defects and death of the
unborn child. Lenalidomide, pomalidomide, and thalidomide are only available through a REMS program.
Refer to the lenalidomide, pomalidomide, or thalidomide prescribing information on use during pregnancy.
Clinical Considerations
Fetal/Neonatal Adverse Reactions
Immunoglobulin G1 (IgG1) monoclonal antibodies are transferred across the placenta. Based on its
mechanism of action, DARZALEX may cause depletion of fetal CD38 positive immune cells and decreased
bone density. Defer administering live vaccines to neonates and infants exposed to DARZALEX
in utero until a hematology evaluation is completed.
Data
Animal Data
Mice that were genetically modified to eliminate all CD38 expression (CD38 knockout mice) had reduced
bone density at birth that recovered by 5 months of age. Data from studies using CD38 knockout animal
models also suggest the involvement of CD38 in regulating humoral immune responses (mice), fetomaternal immune tolerance (mice), and early embryonic development (frogs).
Lactation
Risk Summary
There is no data on the presence of daratumumab in human milk, the effects on the breastfed child, or the
effects on milk production. Maternal immunoglobulin G is known to be present in human milk. Published
data suggest that antibodies in breast milk do not enter the neonatal and infant circulations in substantial
amounts. Because of the potential for serious adverse reactions in the breastfed child when DARZALEX
is administered with lenalidomide, pomalidomide, or thalidomide, advise women not to breastfeed during
treatment with DARZALEX. Refer to lenalidomide, pomalidomide, or thalidomide prescribing information
for additional information.
Females and Males of Reproductive Potential
DARZALEX can cause fetal harm when administered to a pregnant woman [see Use in Specific Populations].
Pregnancy Testing
With the combination of DARZALEX with lenalidomide, pomalidomide, or thalidomide, refer to the
lenalidomide, pomalidomide, or thalidomide labeling for pregnancy testing requirements prior to initiating
treatment in females of reproductive potential.
Contraception
Advise females of reproductive potential to use effective contraception during treatment with DARZALEX
and for 3 months after the last dose. Additionally, refer to the lenalidomide, pomalidomide, or thalidomide
labeling for additional recommendations for contraception.
Pediatric Use
Safety and effectiveness of DARZALEX in pediatric patients have not been established.
Geriatric Use
Of the 2,459 patients who received DARZALEX at the recommended dose, 38% were 65 to 74 years of age,
and 15% were 75 years of age or older. No overall differences in effectiveness were observed between
these patients and younger patients. The incidence of serious adverse reactions was higher in older
than in younger patients [see Adverse Reactions]. Among patients with relapsed and refractory multiple
myeloma (n=1,213), the serious adverse reactions that occurred more frequently in patients 65 years and
older were pneumonia and sepsis. Within the DKd group in CANDOR, fatal adverse reactions occurred in
14% of patients 65 years and older compared to 6% of patients less than 65 years. Among patients with
newly diagnosed multiple myeloma who are ineligible for autologous stem cell transplant (n=710), the
serious adverse reaction that occurred more frequently in patients 75 years and older was pneumonia.
REFERENCES
1. Chapuy, CI, RT Nicholson, MD Aguad, et al., 2015, Resolving the daratumumab interference with blood
compatibility testing, Transfusion, 55:1545-1554 (accessible at http://onlinelibrary.wiley.com/doi/10.1111/
trf.13069/epdf).
PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Patient Information).
Infusion-Related Reactions
Advise patients to seek immediate medical attention for any of the following signs and symptoms of
infusion-related reactions: itchy, runny or blocked nose; fever, chills, nausea, vomiting, throat irritation,
cough, headache, dizziness or lightheadedness, tachycardia, chest discomfort, wheezing, shortness of
breath or difficulty breathing, itching [see Warnings and Precautions].
Neutropenia
Advise patients to contact their healthcare provider if they have a fever [see Warnings and Precautions].
Thrombocytopenia
Advise patients to contact their healthcare provider if they notice signs of bruising or bleeding [see
Warnings and Precautions].
Interference with Laboratory Tests
Advise patients to inform their healthcare providers, including personnel at blood transfusion centers
that they are taking DARZALEX, in the event of a planned transfusion [see Warnings and Precautions].
Advise patients that DARZALEX can affect the results of some tests used to determine complete response
in some patients and additional tests may be needed to evaluate response [see Warnings and Precautions].
Hepatitis B Virus (HBV) Reactivation
Advise patients to inform healthcare providers if they have ever had or might have a hepatitis B infection
and that DARZALEX could cause hepatitis B virus to become active again [see Adverse Reactions].
Embryo-Fetal Toxicity
Advise pregnant women of the potential hazard to a fetus. Advise females of reproductive potential to
inform their healthcare provider of a known or suspected pregnancy [see Warnings and Precautions, Use
in Specific Populations].
Advise females of reproductive potential to avoid becoming pregnant during treatment with DARZALEX
and for 3 months after the last dose [see Use in Specific Populations].
Advise patients that lenalidomide, pomalidomide, or thalidomide has the potential to cause fetal harm and
has specific requirements regarding contraception, pregnancy testing, blood and sperm donation, and
transmission in sperm. Lenalidomide, pomalidomide, and thalidomide are only available through a REMS
program [see Use in Specific Populations].
Hereditary Fructose Intolerance (HFI)
DARZALEX contains sorbitol. Advise patients with HFI of the risks related to sorbitol [see Description (11)
in Full Prescribing Information].

Laboratory abnormalities worsening during treatment from baseline listed in Table 4.
Table 4: Treatment-Emergent Hematology Laboratory Abnormalities in POLLUX
DRd (N=283)
Rd (N=281)
All Grades Grade 3
Grade 4
All Grades Grade 3
(%)
(%)
(%)
(%)
(%)
Lymphopenia
95
42
10
87
32
Neutropenia
92
36
17
87
32
Thrombocytopenia
73
7
6
67
10
Anemia
52
13
0
57
19
Key: D=daratumumab, Rd=lenalidomide-dexamethasone.

Grade 4
(%)
6
8
5
0

Herpes Zoster Virus Reactivation
Prophylaxis for Herpes Zoster Virus reactivation was recommended for patients in some clinical trials
of DARZALEX. In monotherapy studies, herpes zoster was reported in 3% of patients. In the combination
therapy studies, herpes zoster was reported in 2-5% of patients receiving DARZALEX.
Infections
Grade 3 or 4 infections were reported as follows:
• Relapsed/refractory patient studies: DVd: 21% vs. Vd: 19%; DRd: 28% vs. Rd: 23%; DPd: 28%; DKda: 37%,
Kda: 29%; DKdb: 21%
a where carfilzomib 20/56 mg/m2 was administered twice-weekly
b where carfilzomib 20/70 mg/m2 was administered once-weekly
• Newly diagnosed patient studies: D-VMP: 23%, VMP: 15%; DRd: 32%, Rd: 23%; DVTd: 22%; VTd: 20%.
Pneumonia was the most commonly reported severe (Grade 3 or 4) infection across studies. In active
controlled studies, discontinuations from treatment due to infections occurred in 1-4% of patients.
Fatal infections (Grade 5) were reported as follows:
• Relapsed/refractory patient studies: DVd: 1%, Vd: 2%; DRd: 2%, Rd: 1%; DPd: 2%; DKda: 5%, Kda: 3%;
DKdb: 0%
a where carfilzomib 20/56 mg/m2 was administered twice-weekly
b where carfilzomib 20/70 mg/m2 was administered once-weekly
• Newly diagnosed patient studies: D-VMP: 1%, VMP: 1%; DRd: 2%, Rd: 2%; DVTd: 0%, VTd: 0%.
Fatal infections were generally infrequent and balanced between the DARZALEX containing regimens and
active control arms. Fatal infections were primarily due to pneumonia and sepsis.
Hepatitis B Virus (HBV) Reactivation
Hepatitis B virus reactivation has been reported in less than 1% of patients (including fatal cases) treated
with DARZALEX in clinical trials.
Other Clinical Trials Experience
The following adverse reactions have been reported following administration of daratumumab and
hyaluronidase for subcutaneous injection:
Nervous System disorders: Syncope
Immunogenicity
As with all therapeutic proteins, there is the 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 daratumumab products may be misleading.
In clinical trials of patients with multiple myeloma treated with DARZALEX as monotherapy or as
combination therapies, none of the 111 evaluable monotherapy patients, and 2 of the 1,383 evaluable
combination therapy patients, tested positive for anti-daratumumab antibodies. One patient administered
DARZALEX as combination therapy, developed transient neutralizing antibodies against daratumumab.
However, this assay has limitations in detecting anti-daratumumab antibodies in the presence of high
concentrations of daratumumab; therefore, the incidence of antibody development might not have been
reliably determined.
Postmarketing Experience
The following adverse reactions have been identified during post-approval use of daratumumab. 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: Anaphylactic reaction; IRR (including deaths)
Gastrointestinal disorders: Pancreatitis
Infections: Cytomegalovirus, Listeriosis
DRUG INTERACTIONS
Effects of Daratumumab on Laboratory Tests
Interference with Indirect Antiglobulin Tests (Indirect Coombs Test)
Daratumumab binds to CD38 on RBCs and interferes with compatibility testing, including antibody screening
and cross matching. Daratumumab interference mitigation methods include treating reagent RBCs with
dithiothreitol (DTT) to disrupt daratumumab binding [see References] or genotyping. Since the Kell blood
group system is also sensitive to DTT treatment, supply K-negative units after ruling out or identifying
alloantibodies using DTT-treated RBCs.
If an emergency transfusion is required, administer non-cross-matched ABO/RhD-compatible RBCs per
local blood bank practices.
Interference with Serum Protein Electrophoresis and Immunofixation Tests
Daratumumab may be detected on serum protein electrophoresis (SPE) and immunofixation (IFE) assays
used for monitoring disease monoclonal immunoglobulins (M protein). False positive SPE and IFE assay
results may occur for patients with IgG kappa myeloma protein impacting initial assessment of complete
responses by International Myeloma Working Group (IMWG) criteria. In patients with persistent very
good partial response, where daratumumab interference is suspected, consider using a FDA-approved
daratumumab-specific IFE assay to distinguish daratumumab from any remaining endogenous M protein
in the patient’s serum, to facilitate determination of a complete response.
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DARZALEX FASPRO® (daratumumab and hyaluronidase-fihj) injection, for subcutaneous use
Brief Summary of Full Prescribing Information
INDICATIONS AND USAGE
DARZALEX FASPRO is indicated for the treatment of adult patients with multiple myeloma:
• in combination with lenalidomide and dexamethasone in newly diagnosed patients who are ineligible for
autologous stem cell transplant and in patients with relapsed or refractory multiple myeloma who have
received at least one prior therapy.
CONTRAINDICATIONS
DARZALEX FASPRO is contraindicated in patients with a history of severe hypersensitivity to daratumumab,
hyaluronidase or any of the components of the formulation [see Warnings and Precautions and Adverse Reactions].
WARNINGS AND PRECAUTIONS
Hypersensitivity and Other Administration Reactions
Both systemic administration-related reactions, including severe or life-threatening reactions, and local
injection-site reactions can occur with DARZALEX FASPRO. Fatal reactions have been reported with
daratumumab-containing products, including DARZALEX FASPRO [see Adverse Reactions].
Systemic Reactions
In a pooled safety population of 832 patients with multiple myeloma (N=639) or light chain (AL) amyloidosis
(N=193) who received DARZALEX FASPRO as monotherapy or as part of a combination therapy, 9% of patients
experienced a systemic administration-related reaction (Grade 2: 3.5%, Grade 3: 0.8%). Systemic administrationrelated reactions occurred in 8% of patients with the first injection, 0.4% with the second injection, and
cumulatively 1% with subsequent injections. The median time to onset was 3.2 hours (range: 9 minutes to
3.5 days). Of the 129 systemic administration-related reactions that occurred in 74 patients, 110 (85%) occurred on
the day of DARZALEX FASPRO administration. Delayed systemic administration-related reactions have occurred
in 1% of the patients.
Severe reactions included hypoxia, dyspnea, hypertension and tachycardia. Other signs and symptoms of
systemic administration-related reactions may include respiratory symptoms, such as bronchospasm, nasal
congestion, cough, throat irritation, allergic rhinitis, and wheezing, as well as anaphylactic reaction, pyrexia,
chest pain, pruritus, chills, vomiting, nausea, and hypotension.
Pre-medicate patients with histamine-1 receptor antagonist, acetaminophen and corticosteroids [see Dosage
and Administration (2.5) in Full Prescribing Information]. Monitor patients for systemic administration-related
reactions, especially following the first and second injections. For anaphylactic reaction or life-threatening
(Grade 4) administration-related reactions, immediately and permanently discontinue DARZALEX FASPRO.
Consider administering corticosteroids and other medications after the administration of DARZALEX FASPRO
depending on dosing regimen and medical history to minimize the risk of delayed (defined as occurring the day
after administration) systemic administration-related reactions [see Dosage and Administration (2.5) in Full
Prescribing Information].
Local Reactions
In this pooled safety population, injection-site reactions occurred in 8% of patients, including Grade 2 reactions in
0.6%. The most frequent (>1%) injection-site reaction was injection site erythema. These local reactions occurred
a median of 5.5 minutes (range: 0 minutes to 6.5 days) after starting administration of DARZALEX FASPRO. Monitor
for local reactions and consider symptomatic management.
Cardiac Toxicity in Patients with Light Chain (AL) Amyloidosis
Serious or fatal cardiac adverse reactions occurred in patients with light chain (AL) amyloidosis who received
DARZALEX FASPRO in combination with bortezomib, cyclophosphamide and dexamethasone [see Adverse
Reactions]. Serious cardiac disorders occurred in 16% and fatal cardiac disorders occurred in 10% of patients.
Patients with NYHA Class IIIA or Mayo Stage IIIA disease may be at greater risk. Patients with NYHA Class IIIB
or IV disease were not studied.
Monitor patients with cardiac involvement of light chain (AL) amyloidosis more frequently for cardiac adverse
reactions and administer supportive care as appropriate.
Neutropenia
Daratumumab may increase neutropenia induced by background therapy [see Adverse Reactions].
Monitor complete blood cell counts periodically during treatment according to manufacturer’s prescribing
information for background therapies. Monitor patients with neutropenia for signs of infection. Consider
withholding DARZALEX FASPRO until recovery of neutrophils. In lower body weight patients receiving
DARZALEX FASPRO, higher rates of Grade 3-4 neutropenia were observed.
Thrombocytopenia
Daratumumab may increase thrombocytopenia induced by background therapy [see Adverse Reactions].
Monitor complete blood cell counts periodically during treatment according to manufacturer’s prescribing
information for background therapies. Consider withholding DARZALEX FASPRO until recovery of platelets.
Embryo-Fetal Toxicity
Based on the mechanism of action, DARZALEX FASPRO can cause fetal harm when administered to a pregnant
woman. DARZALEX FASPRO may cause depletion of fetal immune cells and decreased bone density. Advise
pregnant women of the potential risk to a fetus. Advise females with reproductive potential to use effective
contraception during treatment with DARZALEX FASPRO and for 3 months after the last dose [see Use in
Specific Populations].
The combination of DARZALEX FASPRO with lenalidomide, thalidomide or pomalidomide is contraindicated
in pregnant women, because lenalidomide, thalidomide or pomalidomide may cause birth defects and death
of the unborn child. Refer to the lenalidomide, thalidomide or pomalidomide prescribing information on use
during pregnancy.
Interference with Serological Testing
Daratumumab binds to CD38 on red blood cells (RBCs) and results in a positive Indirect Antiglobulin Test (Indirect
Coombs test). Daratumumab-mediated positive indirect antiglobulin test may persist for up to 6 months after the
last daratumumab administration. Daratumumab bound to RBCs masks detection of antibodies to minor antigens
in the patient’s serum [see References (15)]. The determination of a patient’s ABO and Rh blood type are not
impacted [see Drug Interactions].
Notify blood transfusion centers of this interference with serological testing and inform blood banks that a patient
has received DARZALEX FASPRO. Type and screen patients prior to starting DARZALEX FASPRO [see Dosage
and Administration (2.1) in Full Prescribing Information].
Interference with Determination of Complete Response
Daratumumab is a human IgG kappa monoclonal antibody that can be detected on both the serum protein
electrophoresis (SPE) and immunofixation (IFE) assays used for the clinical monitoring of endogenous M-protein
[see Drug Interactions]. This interference can impact the determination of complete response and of disease
progression in some DARZALEX FASPRO-treated patients with IgG kappa myeloma protein.
ADVERSE REACTIONS
The following clinically significant adverse reactions are described elsewhere in the labeling:
• Hypersensitivity and Other Administration Reactions [see Warning and Precautions].
• Cardiac Toxicity in Patients with Light Chain (AL) Amyloidosis [see Warning and Precautions].
• Neutropenia [see Warning and Precautions].
• Thrombocytopenia [see Warning and Precautions].
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.
Relapsed/Refractory Multiple Myeloma
In Combination with Lenalidomide and Dexamethasone
The safety of DARZALEX FASPRO with lenalidomide and dexamethasone was evaluated in a single-arm cohort
of PLEIADES [see Clinical Studies (14.2) in Full Prescribing Information]. Patients received DARZALEX FASPRO
1,800 mg/30,000 units administered subcutaneously once weekly from weeks 1 to 8, once every 2 weeks from
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weeks 9 to 24 and once every 4 weeks starting with week 25 until disease progression or unacceptable toxicity
(N=65) in combination with lenalidomide and dexamethasone. Among these patients, 92% were exposed for
6 months or longer and 20% were exposed for greater than one year.
Serious adverse reactions occurred in 48% of patients who received DARZALEX FASPRO. Serious adverse
reactions in >5% of patients included pneumonia, influenza and diarrhea. Fatal adverse reactions occurred in
3.1% of patients.
Permanent discontinuation of DARZALEX FASPRO due to an adverse reaction occurred in 11% of patients who
received DARZALEX FASPRO. Adverse reactions resulting in permanent discontinuation of DARZALEX FASPRO
in more than 1 patient were pneumonia and anemia.
Dosage interruptions due to an adverse reaction occurred in 63% of patients who received DARZALEX FASPRO.
Adverse reactions requiring dosage interruptions in >5% of patients included neutropenia, pneumonia, upper
respiratory tract infection, influenza, dyspnea, and blood creatinine increased.
The most common adverse reactions (≥20%) were fatigue, diarrhea, upper respiratory tract infection, muscle
spasms, constipation, pyrexia, pneumonia, and dyspnea.
Table 1 summarizes the adverse reactions in patients who received DARZALEX FASPRO in PLEIADES.
Table 1: Adverse Reactions (≥10%) in Patients Who Received DARZALEX FASPRO with Lenalidomide and
Dexamethasone (DARZALEX FASPRO-Rd) in PLEIADES
DARZALEX FASPRO
with Lenalidomide and Dexamethasone
(N=65)
All Grades
Grades ≥3
(%)
(%)
Adverse Reaction
General disorders and administration site conditions
Fatiguea
52
5#
Pyrexia
23
2#
Edema peripheral
18
3#
Gastrointestinal disorders
Diarrhea
45
5#
Constipation
26
2#
Nausea
12
0
Vomiting
11
0
Infections
43
3#
Upper respiratory tract infectionb
Pneumoniac
23
17
Bronchitisd
14
2#
Urinary tract infection
11
0
Musculoskeletal and connective tissue disorders
Muscle spasms
31
2#
Back pain
14
0
Respiratory, thoracic and mediastinal disorders
Dyspneae
22
3
14
0
Coughf
Nervous system disorders
Peripheral sensory neuropathy
17
2#
Psychiatric disorders
Insomnia
17
5#
Metabolism and nutrition disorders
Hyperglycemia
12
9#
Hypocalcemia
11
0
a
b
c
d
e
f
#

Fatigue includes asthenia, and fatigue.
Upper respiratory tract infection includes nasopharyngitis, pharyngitis, respiratory tract infection viral, rhinitis,
sinusitis, upper respiratory tract infection, and upper respiratory tract infection bacterial.
Pneumonia includes lower respiratory tract infection, lung infection, and pneumonia.
Bronchitis includes bronchitis, and bronchitis viral.
Dyspnea includes dyspnea, and dyspnea exertional.
Cough includes cough, and productive cough.
Only grade 3 adverse reactions occurred.

Clinically relevant adverse reactions in <10% of patients who received DARZALEX FASPRO with lenalidomide
and dexamethasone included:
• Musculoskeletal and connective tissue disorders: arthralgia, musculoskeletal chest pain
• Nervous system disorders: dizziness, headache, paresthesia
• Skin and subcutaneous tissue disorders: rash, pruritus
• Gastrointestinal disorders: abdominal pain
• Infections: influenza, sepsis, herpes zoster
• Metabolism and nutrition disorders: decreased appetite
• Cardiac disorders: atrial fibrillation
• General disorders and administration site conditions: chills, infusion reaction, injection site reaction
• Vascular disorders: hypotension, hypertension
Table 2 summarizes the laboratory abnormalities in patients who received DARZALEX FASPRO in PLEIADES.
Table 2: Select Hematology Laboratory Abnormalities Worsening from Baseline in Patients Who Received
DARZALEX FASPRO with Lenalidomide and Dexamethasone (DARZALEX FASPRO-Rd) in PLEIADES
DARZALEX FASPRO
with Lenalidomide and Dexamethasonea
All Grades
Grades 3-4
Laboratory Abnormality
(%)
(%)
Decreased leukocytes
94
34
Decreased lymphocytes
82
58
Decreased platelets
86
9
Decreased neutrophils
89
52
Decreased hemoglobin
45
8
a

Denominator is based on the safety population treated with DARZALEX FASPRO-Rd (N=65).

Immunogenicity
As with all therapeutic proteins, there is the 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 daratumumab products or other hyaluronidase products
may be misleading.

DARZALEX FASPRO® (daratumumab and hyaluronidase-fihj) injection

DARZALEX FASPRO® (daratumumab and hyaluronidase-fihj) injection

In patients with multiple myeloma and light chain (AL) amyloidosis who received DARZALEX FASPRO as
monotherapy or as part of a combination therapy, less than 1% of 756 patients developed treatment-emergent
anti-daratumumab antibodies.
In patients with multiple myeloma and light chain (AL) amyloidosis who received DARZALEX FASPRO
as monotherapy or as part of a combination therapy, 7% of 750 patients developed treatment-emergent
anti-rHuPH20 antibodies. The anti-rHuPH20 antibodies did not appear to affect daratumumab exposure. None of
the patients who tested positive for anti-rHuPH20 antibodies tested positive for neutralizing antibodies.
Postmarketing Experience
The following adverse reactions have been identified with post-approval use of daratumumab. 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: Anaphylactic reaction; systemic administration reactions (including death)
Gastrointestinal: Pancreatitis
Infections: Cytomegalovirus, Listeriosis

Pediatric Use
Safety and effectiveness of DARZALEX FASPRO in pediatric patients have not been established.
Geriatric Use
Of the 291 patients who received DARZALEX FASPRO as monotherapy for relapsed and refractory multiple
myeloma, 37% were 65 to <75 years of age, and 19% were 75 years of age or older. No overall differences
in effectiveness of DARZALEX FASPRO have been observed between patients ≥65 years of age and younger
patients. Adverse reactions that occurred at a higher frequency (≥5% difference) in patients ≥65 years of age
included upper respiratory tract infection, urinary tract infection, dizziness, cough, dyspnea, diarrhea, nausea,
fatigue, and peripheral edema. Serious adverse reactions that occurred at a higher frequency (≥2% difference)
in patients ≥65 years of age included pneumonia.
Of the 214 patients who received DARZALEX FASPRO as combination therapy with pomalidomide and
dexamethasone or DARZALEX FASPRO as combination therapy with lenalidomide and low-dose dexamethasone
for relapsed and refractory multiple myeloma, 43% were 65 to <75 years of age, and 18% were 75 years of age or
older. No overall differences in effectiveness were observed between patients ≥65 years (n=131) and <65 years
(n=85). Adverse reactions occurring at a higher frequency (≥5% difference) in patients ≥65 years of age included
fatigue, pyrexia, peripheral edema, urinary tract infection, diarrhea, constipation, vomiting, dyspnea, cough,
and hyperglycemia. Serious adverse reactions occurring at a higher frequency (≥2% difference) in patients
≥65 years of age included neutropenia, thrombocytopenia, diarrhea, anemia, COVID-19, ischemic colitis, deep
vein thrombosis, general physical health deterioration, pulmonary embolism, and urinary tract infection.
Of the 193 patients who received DARZALEX FASPRO as part of a combination therapy for light chain (AL)
amyloidosis, 35% were 65 to <75 years of age, and 10% were 75 years of age or older. Clinical studies of
DARZALEX FASPRO as part of a combination therapy for patients with light chain (AL) amyloidosis did not
include sufficient numbers of patients aged 65 and older to determine whether effectiveness differs from that
of younger patients. Adverse reactions that occurred at a higher frequency in patients ≥65 years of age were
peripheral edema, asthenia, pneumonia and hypotension.
No clinically meaningful differences in the pharmacokinetics of daratumumab were observed in geriatric patients
compared to younger adult patients [see Clinical Pharmacology (12.3) in Full Prescribing Information].

DRUG INTERACTIONS
Effects of Daratumumab on Laboratory Tests
Interference with Indirect Antiglobulin Tests (Indirect Coombs Test)
Daratumumab binds to CD38 on RBCs and interferes with compatibility testing, including antibody screening and
cross matching. Daratumumab interference mitigation methods include treating reagent RBCs with dithiothreitol
(DTT) to disrupt daratumumab binding [see References] or genotyping. Since the Kell blood group system is
also sensitive to DTT treatment, supply K-negative units after ruling out or identifying alloantibodies using
DTT-treated RBCs.
If an emergency transfusion is required, administer non-cross-matched ABO/RhD-compatible RBCs per local
blood bank practices.
Interference with Serum Protein Electrophoresis and Immunofixation Tests
Daratumumab may be detected on serum protein electrophoresis (SPE) and immunofixation (IFE) assays used
for monitoring disease monoclonal immunoglobulins (M protein). False positive SPE and IFE assay results may
occur for patients with IgG kappa myeloma protein impacting initial assessment of complete responses by
International Myeloma Working Group (IMWG) criteria. In DARZALEX FASPRO-treated patients with persistent
very good partial response, where daratumumab interference is suspected, consider using a FDA-approved
daratumumab-specific IFE assay to distinguish daratumumab from any remaining endogenous M protein in the
patient’s serum, to facilitate determination of a complete response.
USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
DARZALEX FASPRO can cause fetal harm when administered to a pregnant woman. The assessment of
associated risks with daratumumab products is based on the mechanism of action and data from target antigen
CD38 knockout animal models (see Data). There are no available data on the use of DARZALEX FASPRO in
pregnant women to evaluate drug-associated risk of major birth defects, miscarriage or adverse maternal or
fetal outcomes. Animal reproduction studies have not been conducted.
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 outcomes. 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.
The combination of DARZALEX FASPRO and lenalidomide, thalidomide or pomalidomide is contraindicated in
pregnant women, because lenalidomide, thalidomide and pomalidomide may cause birth defects and death of
the unborn child. Lenalidomide, thalidomide and pomalidomide are only available through a REMS program. Refer
to the lenalidomide, thalidomide or pomalidomide prescribing information on use during pregnancy.
Clinical Considerations
Fetal/Neonatal Adverse Reactions
Immunoglobulin G1 (IgG1) monoclonal antibodies are transferred across the placenta. Based on its mechanism
of action, DARZALEX FASPRO may cause depletion of fetal CD38 positive immune cells and decreased bone
density. Defer administering live vaccines to neonates and infants exposed to daratumumab in utero until a
hematology evaluation is completed.
Data
Animal Data
DARZALEX FASPRO for subcutaneous injection contains daratumumab and hyaluronidase. Mice that were
genetically modified to eliminate all CD38 expression (CD38 knockout mice) had reduced bone density at birth
that recovered by 5 months of age. Data from studies using CD38 knockout animal models also suggest the
involvement of CD38 in the regulation of humoral immune responses (mice), feto-maternal immune tolerance
(mice), and early embryonic development (frogs).
No systemic exposure of hyaluronidase was detected in monkeys given 22,000 U/kg subcutaneously (12 times
higher than the human dose) and there were no effects on embryo-fetal development in pregnant mice given
330,000 U/kg hyaluronidase subcutaneously daily during organogenesis, which is 45 times higher than the human
dose.
There were no effects on pre- and post-natal development through sexual maturity in offspring of mice treated
daily from implantation through lactation with 990,000 U/kg hyaluronidase subcutaneously, which is 134 times
higher than the human doses.
Lactation
Risk Summary
There is no data on the presence of daratumumab and hyaluronidase in human milk, the effects on the
breastfed child, or the effects on milk production. Maternal immunoglobulin G is known to be present in human
milk. Published data suggest that antibodies in breast milk do not enter the neonatal and infant circulations
in substantial amounts. Because of the potential for serious adverse reactions in the breastfed child when
DARZALEX FASPRO is administered with lenalidomide, thalidomide or pomalidomide, advise women not to
breastfeed during treatment with DARZALEX FASPRO. Refer to lenalidomide, thalidomide or pomalidomide
prescribing information for additional information.
Data
Animal Data
No systemic exposure of hyaluronidase was detected in monkeys given 22,000 U/kg subcutaneously (12 times
higher than the human dose) and there were no effects on post-natal development through sexual maturity
in offspring of mice treated daily during lactation with 990,000 U/kg hyaluronidase subcutaneously, which is
134 times higher than the human doses.
Females and Males of Reproductive Potential
DARZALEX FASPRO can cause fetal harm when administered to a pregnant woman [see Use in Specific
Populations].
Pregnancy Testing
With the combination of DARZALEX FASPRO with lenalidomide, thalidomide or pomalidomide, refer to the
lenalidomide, thalidomide or pomalidomide labeling for pregnancy testing requirements prior to initiating
treatment in females of reproductive potential.
Contraception
Advise females of reproductive potential to use effective contraception during treatment with
DARZALEX FASPRO and for 3 months after the last dose. Additionally, refer to the lenalidomide, thalidomide or
pomalidomide labeling for additional recommendations for contraception.
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trf.13069/epdf).
PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Patient Information).
Hypersensitivity and Other Administration Reactions
Advise patients to seek immediate medical attention for any of the following signs and symptoms of systemic
administration-related reactions: itchy, runny or blocked nose; chills, nausea, throat irritation, cough, headache,
shortness of breath or difficulty breathing [see Warnings and Precautions].
Cardiac Toxicity in Patients with Light Chain (AL) Amyloidosis
Advise patients to immediately contact their healthcare provider if they have signs or symptoms of cardiac
adverse reactions [see Warnings and Precautions].
Neutropenia
Advise patients to contact their healthcare provider if they have a fever [see Warnings and Precautions].
Thrombocytopenia
Advise patients to contact their healthcare provider if they have bruising or bleeding [see Warnings and
Precautions].
Embryo-Fetal Toxicity
Advise pregnant women of the potential hazard to a fetus. Advise females of reproductive potential to inform
their healthcare provider of a known or suspected pregnancy [see Warnings and Precautions, Use in Specific
Populations].
Advise females of reproductive potential to avoid becoming pregnant during treatment with DARZALEX FASPRO
and for 3 months after the last dose [see Use in Specific Populations].
Advise patients that lenalidomide, thalidomide and pomalidomide have the potential to cause fetal harm and have
specific requirements regarding contraception, pregnancy testing, blood and sperm donation, and transmission
in sperm. Lenalidomide, thalidomide and pomalidomide are only available through a REMS program [see Use
in Specific Populations].
Interference with Laboratory Tests
Advise patients to inform their healthcare provider, including personnel at blood transfusion centers, that they
are taking DARZALEX FASPRO, in the event of a planned transfusion [see Warnings and Precautions].
Advise patients that DARZALEX FASPRO can affect the results of some tests used to determine complete response
in some patients and additional tests may be needed to evaluate response [see Warnings and Precautions].
Hepatitis B Virus (HBV) Reactivation
Advise patients to inform healthcare providers if they have ever had or might have a hepatitis B infection and
that DARZALEX FASPRO could cause hepatitis B virus to become active again [see Adverse Reactions].
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half (51.4%) of the tumors in this subtype
harbored EGFR mutations, whereas few had
KRAS mutations. 2
Of the 3 subtypes, forte bore the most
genomic similarity to lung cancers from smokers. Nonetheless, this subtype’s median TMB
(1.4 mutations/Mb) was still significantly lower
than that in smokers. Tumors in this subtype
were the most likely to have TP53 mutations
(31.9% of cases) and were characterized by
frequent whole-genome doubling (in 95.7% of
cases). EGFR mutations were observed in 38.3%
of forte tumors and KRAS mutations in 6.4%. 2
The investigators applied their clustering
analysis to lung adenocarcinoma data from
a TCGA study, 26 and in addition to identifying
the same 3 subtypes with similar features
among the never smokers, they found that
the majority of lung adenocarcinomas
from smokers fell into the forte subtype.
Interestingly, among the smoker samples characterized as the mezzo-forte subtype, the
frequencies of EGFR and KRAS mutations were
different from never smokers—9% and 34%,
respectively, compared with 51.4% and 1.4% for
the never smokers. 2
These findings suggest that subtypes of lung
adenocarcinoma in never smokers may benefit from different therapeutic strategies. Piano
tumors have a dearth of driver mutations and
are therefore likely to be less amenable to
targeted therapies. However, newly approved
KRAS G12C inhibitors may prove to be a

valuable therapeutic strategy in these tumors,
given the prevalence of KRAS mutations. The
study authors also highlighted the possible
role of stem cells in the development of piano
tumors and suggested that targeting stem cell–
associated signaling pathways might represent
another future therapeutic avenue. 2
The mezzo-forte and forte subtypes appeared
to be more readily amenable to existing
targeted therapies, particularly EGFR inhibitors, and driver mutations in these tumors
were more clonal in nature, suggesting that a
therapeutic strategy could be identified with a
single biopsy. 2
Currently no therapies are approved specifically for never smokers with NSCLC, but given
the growing burden of this type of lung cancer,
there is increasing interest in studying drugs
in this patient population. Lantern Pharma is
developing LP-300, a multitargeted modulator
of EGFR, MET, and ROS1. 27
Originally developed by BioNumerik
Pharmaceuticals, Inc as BNP7787 (Tavocept), 28
the agent did not meet the prespecified end point in a previous phase 3 study
(NCT00966914) in patients with advanced lung
adenocarcinoma. However, retrospective analyses demonstrated that median overall survival
was significantly improved in a subset of
never-smoker patients. 27 Lantern Pharma is
repositioning this drug as a treatment for never
smokers, with plans for launching a phase 2
clinical trial. 29

SCREENING IMPLICATIONS
Another notable finding from the Sherlock-Lung
study was that the 3 never-smoker subtypes
varied significantly in their latency period. By
using clock-like mutations to determine the time
of appearance of the most recent common ancestor (MRCA) of all tumor cells and then grouping
tumors according to common driver events, the
study authors determined that tumors in the
piano subtype had a much longer (P = .0008)
median latency period (9.10 years) than mezzoforte (0.28 years) and forte tumors (0.08 years).2
This indicates that tumors in the piano
subtype are much slower growing, with almost
a decade between emergence of the MRCA
and diagnosis. These findings have potentially important implications for the detection
of these tumors; there is a window for early
detection when they may be more amenable to
curative surgical resection. 2
Although current screening recommendations apply only to smokers, there have been
calls to consider expanding screening criteria
due to the growing proportion of cases in never
smokers. However, with their rapid growth,
tumors in the mezzo-forte and forte subtypes
may not be identified by annual screening. 2 ■
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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Chachoua on Leveraging Screening
Opportunities in Lung Cancer
OncLive On Air® welcomes Abraham Chachoua, MD, the Jay and
Isabel Fine Professor of Oncology in the Department of Medicine and
a professor in the Department of Urology at NYU Grossman School of
Medicine, section chief of Medical Oncology and associate director of
Cancer Services at NYU Langone Health’s Perlmutter Cancer Center,
to discuss the elements of lung cancer screening.
In our exclusive interview, Chachoua discussed key guidelines for lung cancer
screening, the psychological and financial implications of screening, and the opportunities of a screening initiative instated by NYU Langone Health.
“If an institution does not have a lung cancer screening program, they should. It is
actually standard of care,” Chachoua said on the episode. “I would urge people to
set it up and to set it up in the way that it works in their system and just get it done
because it does save lives.”
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To watch the entire OncLive Peer Exchange®
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Participating in the panel are, from left, Bijal Shah, MD, MS; Caron Jacobson, MD, MMSc;
Michael Wang, MD; Ian W. Flinn, MD, PhD; and Brian T. Hill, MD, PhD.

Treatment Strategies for
Relapsed/Refractory MCL
Represent a Unique Challenge
by BRITTANY LOVELY

DESPITE BREAKTHROUGHS IN THE devel-

joined a panel of hematologic experts to review
current treatment guidelines for the population
opment of therapeutic regimens for patients
of patients with relapsed or refractory MCL and
with mantle cell lymphoma (MCL), variabilhow agents such as Bruton tyrosine
ity in treatment pathways presents
kinase (BTK) inhibitors and chimeric
a unique hurdle in determining the
antigen receptor (CAR) T-cell theraappropriate course of care following
pies are adding options to the relapsed/
disease progression. In most patients,
refractory setting.
MCL requires aggressive induction
therapy with regimens such as cytarabine-containing chemotherapy such as
BTK INHIBITORS BATTLING FOR
hyperfractionated CVAD (cyclophosphaA SPOT IN THE SECOND LINE
mide, vincristine sulfate, doxorubicin
There are limited data on optimal
Caron Jacobson,
hydrochloride and dexamethasone plus
sequencing strategies for patients
MD, MMSc
methotrexate and cytarabine) with
with MCL who relapse following stanpatients proceeding to allogeneic stem
dard treatment. Authors of the National
1,2
cell transplantation (ASCT).
Comprehensive Cancer Network
(NCCN) guidelines for B-cell lymphoHowever, findings have determined
mas conclude that patients who
that equally effective but less toxic
experience disease progression within
regimens may be available for patients
12 months of initiation of second-line
with high-risk, intermediate-risk, and
therapy following ASCT are associlow-risk disease. “If you go to 5 differated with a poor prognosis, making the
ent oncologists [who have patients] with
landscape in need of options for this
MCL, you’ll probably get 5 different
Bijal Shah,
patient population.3
recommendations for up-front treatMD, MS
ment of the disease and I think all
BTK inhibitors offer some hope for
are right,” said Caron Jacobson, MD, MMSc,
investigators looking for ways to crack the code
during a recent OncLive Peer Exchange ®.
in obtaining deep, durable responses for patients
with relapsed or refractory disease. BTK is a key
Success has been demonstrated with a variplayer in the B-cell antigen receptor signaling
ety of therapeutic strategies tailored to patients
pathway.4 “BTK is a critical link in this disease,”
based on risk factors; however, as moderator
Bijal Shah, MD, MS, noted, “One of the chalMichael Wang, MD, said. “If we use inhibitors
lenges is that MCL is still an insidious disease.
to hit off this link and inhibit the pathway, then
It comes back.” As part of the discussion, Shah
growth signals are blocked and the lymphoma
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(95% CI, 74%-91%) and 84% (95% CI, 67%-95%).
cells will die. This is an interesting target.”
among those who received more than
In BGB-3111-206 the CR rate was 59%; because
Ian W. Flinn, MD, PhD, agreed, noting that
1 prior line of therapy.6
scans were not required for response assessBTK inhibitors have become a very
Acalabrutinib was granted accelerated
ment in BGB-3111-AU-003, the CR rate was
common go-to second-line therapy for
approval based on results of the phase
lower, at 22%. The DORs were 19.5 months (95%
this patient population. “We have 3
2 ACE-LY-004 trial (NCT02213926).
CI, 16.6-NE) and 18.5 months (95% CI, 12.6BTK inhibitors approved in the second
Among 124 patients who received the
NE), respectively.
line; ibrutinib [Imbruvica], acalabruagent at a dose of 100 mg twice daily,
In terms of distinguishing between BTK inhibtinib [Calquence], and zanubrutinib
the overall response rate was 81% (95%
itors, Brian Hill, MD, noted that head-to-head
[Brukinsa], and results of pivotal
CI, 73%-87%) with a complete response
trials in other hematologic malignancies have
phase 2 trials showed high response
(CR) rate of 40% (95% CI, 31%-49%).7
provided some context for investigators.
rates, durable remissions with very
The
median
DOR
was
NE
Michael Wang, MD
“What we’ve learned through randommanageable safety profiles for each of
(range, 1-20).
ized, head-to-head trials in [chronic
these agents,” Flinn said.
In a final report of data from the
lymphocytic leukemia] CLL and in
Ibrutinib was the first BTK inhibitor approved
trial, with a median follow-up of 38.1
Waldenström [macroglobulinemia;
for the treatment of patients with relapsed or
months, the median overall survival
WM] is that results have demonstrated
refractory MCL based on results of the phase 2
(OS) was 59.2 months (95% CI, 36.5noninferiority of both acalabrutinib and
PCYC-1104-CA trial (NCT01236391).5 The overall
NE). In patients who received 2 or
zanubrutinib and an improved safety
more prior therapies, the median OS
response rate among 111 patients with a median
profile [vs ibrutinib],” he said. These
was 55.9 months (95% CI, 27.7-NE) and
of 3 prior lines of treatment was 65.8% (95% CI,
Brian Hill, MD
trials specifically include the phase 3
was not yet reached (95% CI,
56.2%-74.5%) with a median duration of
ASPEN trial (NCT03053440), in which investi36.3-NE) in those with 1 prior therapy.
response (DOR) of 17.5 months (95% CI,
gators compared zanubrutinib with ibrutinib as
Acalabrutinib maintained a high overall
15.8-not estimable [NE]).
treatment for patients with WM, and the phase
response rate of 81% (95% CI, 74%-88%)
In an extended follow-up from a
8
3 ACE-CL-006 trial (NCT02477696) evaluatwith a CR rate of 48%.
pooled analysis of 370 patients, invesing acalabrutinib vs ibrutinib as treatment for
tigators determined that patients who
Finally, the third approved agent,
patients with CLL.10,11
received ibrutinib as a second-line
zanubrutinib, was granted accelertreatment option fared better than
ated approval from the FDA based on
“We still have patients who receive ibrutithose who received the agent in the
results
of
the
phase
2
BGB-3111-206
nib,
but we see lower rates of atrial fibrillation
Ian W. Flinn,
third line or later. Specifically, the
trial (NCT03206970) and the phase 1/2
with the newer agents, possibly lower bleeding
MD, PhD
overall response rate in the entire
BGB-3111-AU-003 trial (NCT02343120).9
risk, which is a known toxicity of the covapopulation was 69.7% vs 77.8% (n = 99) for those
lent BTK inhibitors,” said Hill, adding that most
Among 86 and 32 patients, respectively, the
who had 1 prior line of therapy vs 66.8% (n = 271)
lymphoma specialists have moved toward acalagent elicited an overall response rate of 84%
abrutinib and zanubrutinib (TABL E 1 9-11).
Wang tossed another BTK inhibitor into the
discussion: pirtobrutinib (LOXO-305). The highly
selective, noncovalent BTK inhibitor has demonTABLE 1. Se l e c t Tox i c i t i e s W i th Avai l abl e B TK I nh ib itor s in B-cell Ly mph oma s 9-11
strated efficacy in patients with MCL who have
ASPEN (NCT03053440): Investigators compared zanubrutinib with ibrutinib in patients with WM.
been previously treated with a BTK inhibitor.
Zanubrutinib (n = 101)
Ibrutinib (n = 98)
“Instead of binding with BTK covalently and
Adverse effect
not letting it go; [pirtobrutinib] uses noncovaAll grade
Grade 3/4
All grade
Grade 3/4
lent binding,” Wang explained. “It binds and
Musculoskeletal pain
45%
9%
39%
1%
then lets it go, it’s a dynamic process. This way
Upper respiratory tract infection
44%
0%
40%
2%
is a brand-new way to inhibit the protein and it’s
Hemorrhage
42%
4%
43%
9%
very interesting.”
Diarrhea
22%
3%
34%
2%
The phase 1/2 BRUIN trial (NCT03740529)
Bruising
20%
0%
34%
0%
evaluated the efficacy of pirtobrutinib among
Rash
29%
0%
32%
0%
134 patients with MCL who had received a
Pneumonia
12%
4%
26%
10%
minimum of 2 prior lines of treatment; 120 indiHypertension
14%
9%
19%
14%
viduals (90%) had received prior treatment with
ACE-CL-006 trial (NCT02477696): Investigators compared acalabrutinib with ibrutinib in patients with CLL.
a BTK inhibitor. In total, 110 who had received
Acalabrutinib (n = 266)
Ibrutinib (n = 263)
prior BTK therapy and 11 who were BTK inhibAdverse effect
itor naïve were evaluable. The overall response
All grade
Grade 3/4
All grade
Grade 3/4
rates were 51% (95% CI, 41%-61%) and 82% (95%
Diarrhea
34.6%
1.1%
46.0%
4.9%
CI, 48%-98%), respectively.12 The CRs were 25%
Headache
34.6%
1.5%
20.2%
0%
and 18%, respectively. At a median follow-up of
Cough
28.9%
0.8%
21.3%
0.4%
8.2 months (range, 1.0-27.9), 60% of responders
Arthralgia
15.8%
0%
22.8%
0.8%
had an ongoing response (n = 36/60).
Hypertension
8.6%
4.1%
22.8%
8.7%
Wang is optimistic that the agent will soon
Contusion
11.7%
0%
18.3%
0.4%
enter the landscape as a viable option in future
Dyspepsia
3.8%
0%
12.2%
0%
lines of therapy. “Even if a patient is receiving
BTK, Bruton tyrosine kinase; CLL, chronic lymphocytic leukemia; WM, Waldenström macroglobulinemia.
a BTK inhibitor and you think in the future
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TA BLE 2. B a se l i ne Pat i e n t C har ac te ri st i c s i n Rea l- World Study of Br exuca b t a gene Autoleucel 15

Patients ineligible for ZUMA-2 (n = 68)

Patients who received brexucabtagene autoleucel
(n = 93)
Median age, years (range)

Reasons for ineligibility out of total population (n = 93)

67 (34-89)

ECOG performance status ≥ 2

ECOG performance status ≥ 2

9%

Risk scorea

9%

CNS involvement by lymphoma

7%

No prior BTK inhibitor

18%

Low risk (0-3)

12%

Prior lines of therapy ≥ 5

11%

Intermediate risk (4-5)

56%

High risk (6-11)

32%

Prior autologous stem cell
transplant

4%

Prior anti-CD19 therapy

2%

No prior CD20 antibody

2%

Platelet < 75,000 μL

5%

ANC < 1000 μL

5%

Creatine ≥ 1.5 mg/dL

10%

Another malignancy

4%

Median prior lines of therapy
(range)

3 (1-9)

ANC, absolute neutrophil count; BTK, Bruton tyrosine kinase; CNS, central
nervous system; MCL, mantle cell lymphoma.
Risk stratification calculated using 2008 MCL International Prognostic Index.

a

it might stop working, the next time [we determine a treatment] we can use this new [agent]. I
hope that the drug will become available to the
patients very soon.”

FOLDING CAR T-CELL THERAPY
INTO MCL
Results of the ZUMA-2 trial (NCT02601313)
made a case for the use of CAR T-cell therapy
for patients with MCL.13 Investigators assessed
the use of brexucabtagene autoleucel (Tecartus),
a CD19-directed CAR T-cell therapy, in patients
with relapsed disease. The FDA approved the
cellular therapy in July 2020 for the treatment of
patients with relapsed or refractory disease.14
Among the 60 patients with at least 7 months

follow-up enrolled in the ZUMA-2 trial, the objective response rate was 93% (95% CI, 84%-98%),
with 67% (95% CI, 53%-78%) of responders having
a CR. Further, among the 54 patients with a
response, 27% had a partial response (PR). The
median DOR was not reached (95% CI, 8.6-NE)
and median time to initial response was 1 month
(range, 0.8-3.1) with a median time to CR of 3.0
months (range, 0.9-9.3).
In terms of survival data, the median progression-free survival (PFS) was not reached (95% CI,
9.2-NE) and the median OS was also not reached
(95% CI, 24.0-NE). The 12-month estimated PFS
and OS rates were 61% and 83%, respectively.
Of note, patients enrolled in ZUMA-2 were
required to have disease that was refractory

to BTK inhibitor therapy or had disease that
had progressed during or after receipt of a BTK
inhibitor. Contrary to this eligibility criteria, the
FDA did not include this stipulation in the label
for the cellular therapy, Jacobson noted.
“The FDA actually approved a much broader
label, so it’s any [patient with] relapsed or
refractory MCL,” she said, adding that it was a
very forward-thinking decision by the agency.
“The vast majority of patients in the real world,
as we’ve seen from [results of] 2 different
series— 1 from Europe and 1 from the United
States—have received a BTK inhibitor. But what’s
very interesting is that approximately 18% of
patients in the US series had not received a prior
BTK inhibitor and their results following brexucabtagene autoleucel were nearly identical to
patients who had.”
Jacobson was an investigator involved in a
multicenter, retrospective analysis of patients
treated with brexucabtagene autoleucel in a
nontrial setting across 14 centers in the US
Lymphoma CAR T Consortium. In results
presented at the 63rd American Society of
Hematology Annual Meeting and Exposition,
data for 93 patients with MCL who received brexucabtagene autoleucel were available.15 Baseline
patient characteristics of the real-world population showed 72% of patients would not have
met the criteria for enrollment in ZUMA-2 and
included such factors as ECOG performance
status, central nervous system involvement,
prior therapies, and more (TABL E 2 15).
With a median follow-up of 3 months (range,
0.1-9.6), the objective response rate was 86%
among 81 patients for whom day 30 response

FIGUR E. Tr e a t me n t St r ate g i e s fo r Re l ap s e d o r Ref r a ctor y MC L 16

PATIENTS WITH HIGH-RISK MCL AT FIRST RELAPSE

Progression of disease < 24 months after
first-line therapy; blastoid morphology;
TP53 mutation

Acalabrutinib

CR

Continue BTK inhibitor

PR

CAR T-cell therapy
or continue BTK
inhibitor until disease
progression

PR
SD
PD

CAR T-cell therapy

Ibrutinib
BTK inhibitor
Zanubrutinib

Clinical trial with
investigational BTK inhibitor
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was evaluable. The CR rate was 64%. For patients
who achieved a response at day 30, the rate of
continued response was 83.7% (95% CI, 68.3%92.0%). Twenty patients who achieved a PR went
on to CR at a median of 64 days (range, 22-135);
the median time to best response was 30 days
(range, 16-168).
Investigators reported that among patients
who would not have been eligible for enrollment in ZUMA-2 (n = 74), the objective response
rate was 91% (95% CI, 81%-96%) with a CR rate
of 80% (95% CI, 69%-88%). In terms of prior
BTK inhibitor exposure, the objective response
rate and CR rates were 88% (95% CI, 79%-95%)
and 79% (95% CI, 69%-88%), respectively, for
those who received prior BTK therapy (n = 78)
vs 94% (95% CI, 71%-100%) and 88% (95% CI,
64%-99%), respectively, for those who were BTK
naïve (n = 17).
“I think the big question is, is prior exposure to a BTK inhibitor important for T-cell
fitness and the T-cell product?” Jacobson
said. “At least from this very small cohort, it
suggests that maybe it is not as important as we
might have thought.”
Survival data were also comparable with the
data reported for ZUMA-2. The median PFS was
not reached, with a 6-month rate of 66% and a
12-month rate of 51%. The median OS was also
not reached, with the 6-month and 12-month OS
rates of 81% and 72%, respectively.
NCCN guidelines recommend that brexucabtagene autoleucel be administered following
chemoimmunotherapy and a BTK inhibitor3
(F I G U R E 16); however, Jacobson remains optimistic
about the role of cellular therapy for all patients

“The data from ZUMA-2 have been
replicated in real-world studies....
[Approximately] 70% of patients would
not have been eligible for the pivotal clinical trials. Now we can apply these data
to broader populations.”
— CARON JACOBSON, MD, MMSc

with MCL. “I think the data from ZUMA-2 have
been replicated in these real-world series,” she
said. “Just like we’ve seen in large cell lymphoma,
it’s very consistent—response rates are consistent, the CR rates of nearly 70% are consistent,
and so far 1-year [PFS and OS] are very consistent. [Approximately] 70% of patients would not
have been eligible for the pivotal clinical trials,
so we can now apply these therapies to a broader
population of patients—patients with renal failure, patients with heart failure, patients with
lower blood cell counts and bone marrow dysfunction—and still see the same excellent results.
They continue to be really transformative for
our patients.” ■
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