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OXIDATIVE STRESS
TARGETING CANCER CELLS
All human cells maintain a redox balance between reactive
oxygen species (ROS) and antioxidants, such as NQO1, to resist
oxidative stress.1,2 The optimal redox balance differs between
cells and determines their specific “redox signature,” which
can have downstream effects on potent oncogenic signaling
pathways, including STAT3.1,3,4
Research suggests that a subset of cancer cells, including some
cancer stem cells, possess a distinct redox signature that may
make them susceptible to approaches that generate cytotoxic
levels of ROS.3,4 These cells signal to other cells in the tumor
microenvironment and promote the phosphorylation of STAT3.
The presence of phosphorylated STAT3 in a tumor may indicate
this redox signature and favorability to ROS-generating intervention.3

Learn more about ROS generation in cancer cells
at www.bostonbiomedical.com

Boston Biomedical, Inc. is a leading developer of next-generation cancer therapeutics designed to
inhibit multiple oncogenic pathways and modify immune responses.
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As a prolific investigator and clinician in the treatment of lung cancer, Heather A. Wakelee, MD, brings tremendous expertise to the upcoming 17th Annual Winter Lung Cancer Conference®. In an interview with OncologyLive®,
she discusses key advances in targeted and immune therapies in this disease type, developments in screening, and
personal events that shaped her destiny as a physician-scientist.
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Running to Keep Pace
FEW AREAS OF ONCOLOGY have changed as much in the past
decade as the lung cancer field. Treatment of patients with
the malignancy, regardless of the histology, has undergone
such dramatic improvements that the tumor type has been
transformed from an inevitably fatal disease into one where
there is hope.
One of the physician-scientists who paved the way for these advancements is Heather A. Wakelee, MD, a longtime faculty member at Stanford
University whose research into targeted therapies helped make lung cancer
a model for precision medicine. She is further shaping the future of treatment through her leadership roles, including as president-elect of the
International Association for the Study of Lung Cancer.
Like many other thought leaders in oncology, Wakelee generously shares
her knowledge not only with up-and-coming clinical investigators but also
with practicing physicians. In February, she will join with other eminent
lung cancer specialists in co-chairing the 17th Annual Winter Lung Cancer
Conference ® that Physicians’ Education Resource ®, LLC (PER®), is hosting in
Miami Beach, Florida.
This issue of OncologyLive ® features an in-depth discussion with Wakelee
on emerging developments in lung cancer. Although Wakelee addresses
many clinical topics, she also emphasizes the challenges that new drugs
and strategies present for those treating patients.
“We are moving away from just being medical oncologists,” she said. “A
considerable amount of the most exciting research in lung cancer is testing
treatment protocols that combine medical oncology with surgery and/or
radiotherapy to achieve more durable remissions or, in the case of earlystage cancers or even oligometastatic cancers, outright cures.”
The underlying theme of interdisciplinary care is one echoed elsewhere
in this issue. The OncPathways® section describes the latest research and
scientific rationale for combining radiation therapy and immunotherapy.
The OncLive Peer Exchange ® article features observations on getting all
members of the care team involved in implementing the many new therapies for acute myeloid leukemia.
For those on the front lines of cancer care, the need to keep pace with
rapid change is critical, particularly when it involves more than
1 specialty. We’re dedicated to bringing you the information resources
you need to make these transitions.
As always, thanks for reading.
Mike Hennessy Sr
Chairman and Founder

JOIN US ON SOCIAL MEDIA | WWW.ONCLIVE.COM
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AN UNAVOIDABLE TENSION exists between the roles of
a treating oncologist and an investigator when a patient
is asked to participate in a clinical research study. This
state of affairs is certainly not a recent development. In his
1982 autobiography, Morris Abram, a civil rights lawyer
who had leukemia, described this conflict during his care
by a prominent clinical cancer investigator.1 During an
intense discussion with Mr Abram and his daughter regarding his potential participation in an experimental trial,
the physician commented, “My duty is to advise. You must
bear in mind that I am not your father’s physician; I am
an investigator.”
The difficulty in accommodating the dual roles of a
“physician” versus that of a “clinical investigator” has
likely been intensified, particularly in the oncology arena,
through the efforts of some in the biomedical ethics
community who have vigorously stressed a concept associated with participation in a clinical trial labeled as
the therapeutic misconception.2 Those who support this
view argue that a substantial percentage of patients
with cancer who agree to be research subjects in a

Vol. 20 | No. 22 | NOVEMBER 2019

clinical trial “mistakenly believe” that a primary—or the
primary—reason for such participation is for them to benefit personally. In fact, this argument states, the primary
purpose of such trials is to generate objectively valid and
scientifically valuable knowledge, with any direct benefit (eg, improvement in symptoms, prolongation of time
to disease progression, or improved survival) achieved
by an individual participant being secondary to attaining such data.
This quite problematic perspective on the nature of
cancer clinical trials has permitted some to justify the
use of placebo controls in randomized studies when there
is the unequivocal potential that an active therapy may
result in a highly meaningful outcome for an individual
participant. After all, the therapeutic misconception argument goes, investigators do not focus on the “best interests
of a patient” in the design and conduct of a randomized
trial but rather on the optimal scientific manner in which
to answer a particular question, such as whether drug
A improves survival compared with drug B, involving a
required number of research subjects.
The mantra of such scientific purity in cancer medicine has even been highlighted by scientists who have no
direct experience in the arena but appear to simply support
the hypothesis that patients should agree to participate in
such studies for the theoretical benefit that might accrue
to future generations of patients. An example of this rather
profound support for the absolute priority of the randomized
clinical trial is a remarkable statement by the late eminent
scientific leader Carl Sagan in his otherwise insightful
book The Demon-Haunted World.3 In a chapter entitled “The
Fine Art of Baloney Detection,” Dr Sagan declares, “Control
experiments are essential. If, for example, a new medicine
is alleged to cure a disease 20 percent of the time, we must
make sure that a control population, taking a dummy sugar
pill which as far as the subjects know might be the new
drug, does not also experience spontaneous remission of the
disease 20 percent of the time.”

© freshidea/Adobe Stock

This often intense and frequently highly focused effort to seek scientific
purity in answering questions within cancer clinical trials raises serious
concerns regarding the ethical foundation of certain studies.

FROM THE EDITOR
So, this argument goes, if a phase II study of drug A in metastatic
cancer B with a recognized cure rate of 0% is revealed to produce a
“cure rate” or, perhaps alternatively, a 10- to 15-year disease-free
survival rate of 20%, investigators must conduct a phase III randomized trial comparing drug A with the recognized ineffective standard
of care to confirm this finding.

UNETHICAL TRIAL DESIGNS
Is this really what ethically valid science demands of clinical investigators and research subjects? This often intense and frequently highly
focused effort to seek scientific purity in answering questions within
cancer clinical trials raises serious concerns regarding the ethical
foundation of certain studies.
How else does one explain the regulatory decision several years ago
to conduct the landmark phase III randomized trial in malignant melanoma comparing the BRAF inhibitor vemurafenib with a control arm
of dacarbazine, a standard-of-care drug known for less than marginal
efficacy in this clinical setting, without permitting crossover from the
control arm to the experimental agent at the time of disease progression? The study allowed crossover only later, after 675 patients had
been randomized, not at its initiation.4 At the time this randomized
study was initiated, investigators knew that the biological and clinical activity of vemurafenib was vastly superior to that of dacarbazine,5
but, apparently to preserve the scientific purity of the trial’s survival
end point, they decided not to permit patients randomized to the essentially inactive control arm to switch to the more effective therapeutic.
The term guinea pig may come to mind but likely only if one argues
that the best interests of participants in clinical trials should always
be considered at least equivalent to those of the objective goals to
achieve the optimal scientific end point.
Fortunately, emerging evidence shows that the ethical foundation
of therapeutic cancer trials is shifting to include a greater recognition
that a research subject is also always a patient whose specific interest
in being a participant is to attain a meaningful degree of direct clinical benefit. Such thinking is likely strongly influenced by increasingly
powerful data indicating the substantial clinical utility observed even
in early-phase, molecularly based cancer investigative efforts.
It is encouraging to note, for example, that the American Society of
Clinical Oncology recently issued guidelines related to trial-associated biopsies that emphasize the critical relevance of ensuring that the
potential scientific value of such testing of a research subject is closely
aligned with possible risk to the individual patient.6 n
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THE NEXT LINE AFTER PROGRESSING ON A SECOND
GENERATION* ANAPLASTIC LYMPHOMA KINASE INHIBITOR
INDICATION
LORBRENA is indicated for the treatment of patients with anaplastic lymphoma kinase (ALK)-positive metastatic
non-small cell lung cancer (NSCLC) whose disease has progressed on
► crizotinib and at least one other ALK inhibitor for metastatic disease; or
► alectinib as the first ALK inhibitor therapy for metastatic disease; or
► ceritinib as the first ALK inhibitor therapy for metastatic disease.
This indication is approved under accelerated approval based on tumor response rate and duration of
response. Continued approval for this indication may be contingent upon verification and description of clinical
benefit in a confirmatory trial.
*Alectinib, ceritinib, or brigatinib.1

UNTIL LORBRENA, THERE WAS NO BIOMARKER-DRIVEN
THERAPY APPROVED FOR USE AFTER:

• First-line alectinib or ceritinib

• Crizotinib and at least 1 other ALK inhibitor

IMPORTANT SAFETY INFORMATION
Contraindications: LORBRENA is contraindicated in
patients taking strong CYP3A inducers, due to the
potential for serious hepatotoxicity.
Risk of Serious Hepatotoxicity with Concomitant
Use of Strong CYP3A Inducers: Severe hepatotoxicity
occurred in 10 of 12 healthy subjects receiving a
single dose of LORBRENA with multiple daily doses
of rifampin, a strong CYP3A inducer. Grade 4 ALT or
AST elevations occurred in 50% of subjects, Grade
3 in 33% of subjects, and Grade 2 in 8% of subjects.
ALT or AST elevations occurred within 3 days and
returned to within normal limits after a median of
15 days (7 to 34 days); median time to recovery in
subjects with Grade 3 or 4 or Grade 2 ALT or AST
elevations was 18 days and 7 days, respectively.
Discontinue strong CYP3A inducers for 3 plasma halflives of the strong CYP3A inducer prior to initiating
LORBRENA. Avoid concomitant use of LORBRENA
with moderate CYP3A inducers. If concomitant use
of moderate CYP3A inducers cannot be avoided,
monitor AST, ALT, and bilirubin 48 hours after
initiating LORBRENA and at least 3 times during the
first week after initiating LORBRENA. Depending upon

the relative importance of each drug, discontinue
LORBRENA or the CYP3A inducer for persistent Grade
2 or higher hepatotoxicity.
Central Nervous System (CNS) Effects: A broad
spectrum of CNS effects can occur; overall, CNS
effects occurred in 54% of 332 patients receiving
LORBRENA. These included seizures (3%, sometimes
in conjunction with other neurologic findings),
hallucinations (7%; 0.6% severe [Grade 3 or 4]), and
changes in cognitive function (29%; 2.1% severe),
mood (including suicidal ideation) (24%; 1.8% severe),
speech (14%; 0.3% severe), mental status (2.1%; 1.8%
severe), and sleep (10%). Median time to first onset
of any CNS effect was 1.2 months (1 day to 1.7 years).
Overall, 1.5% and 9% of patients required permanent
or temporary discontinuation of LORBRENA,
respectively, for a CNS effect; 8% required dose
reduction. Withhold and resume at same or reduced
dose or permanently discontinue based on severity.
Hyperlipidemia: Increases in serum cholesterol
and triglycerides can occur. Grade 3 or 4 elevations
in total cholesterol occurred in 17% and Grade 3 or
4 elevations in triglycerides occurred in 17% of the
332 patients who received LORBRENA. Median time

Reference: 1. Recondo G, Facchinetti F, Olaussen KA, Besse B, Friboulet L. Making the first move in
EGFR-driven or ALK-driven NSCLC: first-generation or next-generation TKI. Nat Rev Clin Oncol. 2018;15(11):694-708.

to onset was 15 days for both hypercholesterolemia
and hypertriglyceridemia. Approximately 7% and
3% of patients required temporary discontinuation
or dose reduction of LORBRENA, respectively, for
elevations in cholesterol and in triglycerides. Eighty
percent of patients required initiation of lipidlowering medications, with a median time to onset
of start of such medications of 21 days. Initiate or
increase the dose of lipid-lowering agents in patients
with hyperlipidemia. Monitor serum cholesterol and
triglycerides before initiating LORBRENA, 1 and 2
months after initiating LORBRENA, and periodically
thereafter. Withhold and resume at same dose for
the first occurrence; resume at same or reduced
dose of LORBRENA for recurrence based on severity.
Atrioventricular (AV) Block: PR interval prolongation
and AV block can occur. In 295 patients who received
LORBRENA at a dose of 100 mg orally once daily and
who had a baseline electrocardiography (ECG), 1%
experienced AV block and 0.3% experienced Grade
3 AV block and underwent pacemaker placement.
Monitor ECG prior to initiating LORBRENA and
periodically thereafter. Withhold and resume at
reduced or same dose in patients who undergo
pacemaker placement. Permanently discontinue for
recurrence in patients without a pacemaker.
Interstitial Lung Disease (ILD)/Pneumonitis: Severe
or life-threatening pulmonary adverse reactions
consistent with ILD/pneumonitis can occur. ILD/
pneumonitis occurred in 1.5% of patients, including
Grade 3 or 4 ILD/pneumonitis in 1.2% of patients.
One patient (0.3%) discontinued LORBRENA for
ILD/pneumonitis. Promptly investigate for ILD/
pneumonitis in any patient who presents with
worsening of respiratory symptoms indicative of
ILD/pneumonitis. Immediately withhold LORBRENA
in patients with suspected ILD/pneumonitis.
Permanently discontinue LORBRENA for treatmentrelated ILD/pneumonitis of any severity.
Embryo-fetal Toxicity: LORBRENA can cause fetal
harm. Advise pregnant women of the potential risk
to a fetus. Advise females of reproductive potential
to use an effective non-hormonal method of
contraception, since LORBRENA can render hormonal
contraceptives ineffective, during treatment with
LORBRENA and for at least 6 months after the
final dose. Advise males with female partners of
reproductive potential to use effective contraception
during treatment with LORBRENA and for 3 months
after the final dose.

Adverse Reactions: Serious adverse reactions
occurred in 32% of the 295 patients; the most
frequently reported serious adverse reactions
were pneumonia (3.4%), dyspnea (2.7%), pyrexia (2%),
mental status changes (1.4%), and respiratory failure
(1.4%). Fatal adverse reactions occurred in 2.7% of
patients and included pneumonia (0.7%), myocardial
infarction (0.7%), acute pulmonary edema (0.3%),
embolism (0.3%), peripheral artery occlusion (0.3%),
and respiratory distress (0.3%). The most common
(≥20%) adverse reactions were (all Grades; Grade
3 or 4): edema (57%; 3.1%), peripheral neuropathy
(47%; 2.7%), cognitive effects (27%; 2.0%), dyspnea
(27%; 5.4%), fatigue (26%; 0.3%), weight gain (24%;
4.4%), arthralgia (23%; 0.7%), mood effects (23%;
1.7%), and diarrhea (22%; 0.7%); the most common
(≥20%) laboratory abnormalities were (all Grades;
Grade 3 or 4): hypercholesterolemia (96%; 18%),
hypertriglyceridemia (90%; 18%), anemia (52%; 4.8%),
hyperglycemia (52%; 5%), increased AST (37%; 2.1%),
hypoalbuminemia (33%; 1.0%), increased ALT (28%;
2.1%), increased lipase (24%; 10%), and increased
alkaline phosphatase (24%; 1.0%).
Drug Interactions: LORBRENA is contraindicated
in patients taking strong CYP3A inducers. Avoid
concomitant use with moderate CYP3A inducers
and strong CYP3A inhibitors. If concomitant use
of moderate CYP3A inducers cannot be avoided,
monitor ALT, AST, and bilirubin as recommended.
If concomitant use with a strong CYP3A inhibitor
cannot be avoided, reduce the LORBRENA dose
as recommended. Concomitant use of LORBRENA
decreases the concentration of CYP3A substrates.
Lactation: Because of the potential for serious
adverse reactions in breastfed infants, instruct
women not to breastfeed during treatment with
LORBRENA and for 7 days after the final dose.
Hepatic Impairment: No dose adjustment is
recommended for patients with mild hepatic
impairment. The recommended dose of LORBRENA
has not been established for patients with moderate
or severe hepatic impairment.
Renal Impairment: No dose adjustment is
recommended for patients with mild or moderate
renal impairment. The recommended dose of
LORBRENA has not been established for patients
with severe renal impairment.

Please see brief summary of Prescribing Information on the following pages.
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Dosage Modification for Strong CYP3A Inhibitors

INDICATIONS AND USAGE

In patients who have had a dose reduction to 75 mg orally once daily due to
adverse reactions and who initiate a strong CYP3A inhibitor, reduce the
LORBRENA dose to 50 mg orally once daily.

LORBRENA® is indicated for the treatment of patients with anaplastic lymphoma
kinase (ALK)-positive metastatic non-small cell lung cancer (NSCLC) whose
disease has progressed on
• crizotinib and at least one other ALK inhibitor for metastatic disease; or
• alectinib as the first ALK inhibitor therapy for metastatic disease; or
• ceritinib as the first ALK inhibitor therapy for metastatic disease.
This indication is approved under accelerated approval based on tumor response
rate and duration of response. Continued approval for this indication may be
contingent upon verification and description of clinical benefit in a confirmatory trial.

Avoid concomitant use of LORBRENA with strong CYP3A inhibitors. If concomitant
use with a strong CYP3A inhibitor cannot be avoided, reduce the starting dose of
LORBRENA from 100 mg orally once daily to 75 mg orally once daily.

If concomitant use of a strong CYP3A inhibitor is discontinued, increase the
LORBRENA dose (after 3 plasma half-lives of the strong CYP3A inhibitor) to the
dose that was used before starting the strong inhibitor.
CONTRAINDICATIONS
LORBRENA is contraindicated in patients taking strong CYP3A inducers, due to
the potential for serious hepatotoxicity.
WARNINGS AND PRECAUTIONS

DOSAGE AND ADMINISTRATION

Risk of Serious Hepatotoxicity with Concomitant Use of Strong CYP3A Inducers

Recommended Dosage

Severe hepatotoxicity occurred in 10 of 12 healthy subjects receiving a single dose
of LORBRENA with multiple daily doses of rifampin, a strong CYP3A inducer.
Grade 4 alanine aminotransferase (ALT) or aspartate aminotransferase (AST)
elevations occurred in 50% of subjects, Grade 3 ALT or AST elevations occurred in
33% and Grade 2 ALT or AST elevations occurred in 8%. ALT or AST elevations
occurred within 3 days and returned to within normal limits after a median of 15
days (7 to 34 days); the median time to recovery was 18 days in subjects with
Grade 3 or 4 ALT or AST elevations and 7 days in subjects with Grade 2 ALT or
AST elevations.

The recommended dosage of LORBRENA is 100 mg orally once daily, with or without
food, until disease progression or unacceptable toxicity.
Swallow tablets whole. Do not chew, crush or split tablets. Do not ingest if tablets are
broken, cracked, or otherwise not intact.
Take LORBRENA at the same time each day. If a dose is missed, then take the missed
dose unless the next dose is due within 4 hours. Do not take 2 doses at the same time
to make up for a missed dose.
Do not take an additional dose if vomiting occurs after LORBRENA but continue with
the next scheduled dose.
Dosage Modifications for Adverse Reactions
The recommended dose reductions are:
• First dose reduction: LORBRENA 75 mg orally once daily
• Second dose reduction: LORBRENA 50 mg orally once daily

LORBRENA is contraindicated in patients taking strong CYP3A inducers.
Discontinue strong CYP3A inducers for 3 plasma half-lives of the strong CYP3A
inducer prior to initiating LORBRENA.
Avoid concomitant use of LORBRENA with moderate CYP3A inducers. If
concomitant use of moderate CYP3A inducers cannot be avoided, monitor AST,
ALT, and bilirubin 48 hours after initiating LORBRENA and at least 3 times during
the first week after initiating LORBRENA.

Permanently discontinue LORBRENA in patients who are unable to tolerate 50 mg
orally once daily.

Depending upon the relative importance of each drug, discontinue LORBRENA
or the CYP3A inducer for persistent Grade 2 or higher hepatotoxicity.

Dosage modifications for adverse reactions of LORBRENA are provided in Table 1.

Central Nervous System Effects

Table 1: Recommended LORBRENA Dosage Modifications for
Adverse Reactions

A broad spectrum of central nervous system (CNS) effects can occur in patients
receiving LORBRENA. These include seizures, hallucinations, and changes in
cognitive function, mood (including suicidal ideation), speech, mental status, and
sleep. Overall, CNS effects occurred in 54% of patients receiving LORBRENA.
Cognitive effects occurred in 29% of the 332 patients who received LORBRENA
at any dose in Study B7461001; 2.1% of these events were severe (Grade 3 or
4). Mood effects occurred in 24% of patients; 1.8% of these events were severe.
Speech effects occurred in 14% of patients; 0.3% of these events were severe.
Hallucinations occurred in 7% of patients; 0.6% of these events were severe.
Mental status changes occurred in 2.1% of patients; 1.8% of these events were
severe. Seizures occurred in 3% of patients, sometimes in conjunction with other
neurologic findings. Sleep effects occurred in 10% of patients. The median time
to first onset of any CNS effect was 1.2 months (1 day to 1.7 years). Overall, 1.5%
of patients required permanent discontinuation of LORBRENA for a CNS effect;
9% required temporary discontinuation and 8% required dose reduction.

Adverse Reactiona

Dosage Modifications
Central Nervous System Effects

Grade 1

Continue at the same dose or withhold the dose until recovery to
baseline. Resume LORBRENA at the same dose or at a reduced dose.

Grade 2
OR
Grade 3

Withhold dose until Grade 0 or 1. Resume LORBRENA at a reduced dose.

Grade 4

Permanently discontinue LORBRENA.

Grade 4
hypercholesterolemia
OR
Grade 4
hypertriglyceridemia

Withhold LORBRENA until recovery of hypercholesterolemia and/
or hypertriglyceridemia to less than or equal to Grade 2. Resume
LORBRENA at the same dose.

Second-degree AV
block

Withhold LORBRENA until PR interval is less than 200 ms. Resume
LORBRENA at a reduced dose.

Hyperlipidemia

If severe hypercholesterolemia and/or hypertriglyceridemia recurs,
resume LORBRENA at a reduced dose.
Atrioventricular (AV) Block

Withhold LORBRENA until
First occurrence of
complete AV block

• pacemaker placed OR
• PR interval less than 200 ms.
If a pacemaker is placed, resume LORBRENA at the same dose.
If no pacemaker is placed, resume LORBRENA at a reduced dose.

Recurrent complete
AV block

Place pacemaker or permanently discontinue LORBRENA.
Interstitial Lung Disease (ILD)/Pneumonitis

Any Grade
treatment–related
ILD/Pneumonitis

Permanently discontinue LORBRENA.
Other Adverse Reactions

Grade 1
OR
Grade 2

Continue LORBRENA at same dose or reduced dose.

Grade 3
OR
Grade 4

Withhold LORBRENA until symptoms resolve to less than or equal to
Grade 2 or baseline. Resume LORBRENA at reduced dose.

Abbreviation: AV=atrioventricular.
a
Grade based on National Cancer Institute (NCI) Common Terminology Criteria for Adverse Events
(CTCAE) version 4.0.

Concomitant Use of Strong or Moderate CYP3A Inducers
LORBRENA is contraindicated in patients taking strong CYP3A inducers.
Discontinue strong CYP3A inducers for 3 plasma half-lives of the strong CYP3A
inducer prior to initiating LORBRENA. Avoid concomitant use of LORBRENA with
moderate CYP3A inducers.

Withhold and resume at the same dose or at a reduced dose or permanently discontinue
LORBRENA based on severity.
Hyperlipidemia
Increases in serum cholesterol and triglycerides can occur in patients receiving
LORBRENA. Grade 3 or 4 elevations in total cholesterol occurred in 17% and
Grade 3 or 4 elevations in triglycerides occurred in 17% of the 332 patients who
received LORBRENA in Study B7461001. The median time to onset was 15 days
for both hypercholesterolemia and hypertriglyceridemia. Approximately 7% of
patients required temporary discontinuation and 3% of patients required dose
reduction of LORBRENA for elevations in cholesterol and in triglycerides. Eighty
percent of patients required initiation of lipid-lowering medications, with a median
time to onset of start of such medications of 21 days.
Initiate or increase the dose of lipid-lowering agents in patients with hyperlipidemia.
Monitor serum cholesterol and triglycerides before initiating LORBRENA, 1 and 2
months after initiating LORBRENA, and periodically thereafter. Withhold and
resume at the same dose for the first occurrence; resume at the same or a reduced
dose of LORBRENA for recurrence based on severity.
Atrioventricular Block
PR interval prolongation and atrioventricular (AV) block can occur in patients
receiving LORBRENA. In 295 patients who received LORBRENA at a dose of
100 mg orally once daily in Study B7461001 and who had a baseline
electrocardiography (ECG), 1% experienced AV block and 0.3% experienced
Grade 3 AV block and underwent pacemaker placement.
Monitor ECG prior to initiating LORBRENA and periodically thereafter. Withhold
and resume at a reduced dose or at the same dose in patients who undergo
pacemaker placement. Permanently discontinue for recurrence in patients
without a pacemaker.
Interstitial Lung Disease/Pneumonitis
Severe or life-threatening pulmonary adverse reactions consistent with interstitial
lung disease (ILD)/pneumonitis can occur with LORBRENA. ILD/pneumonitis
occurred in 1.5% of patients who received LORBRENA at any dose in Study
B7461001, including Grade 3 or 4 ILD/pneumonitis in 1.2% of patients. One
patient (0.3%) discontinued LORBRENA for ILD/pneumonitis.

Promptly investigate for ILD/pneumonitis in any patient who presents with
worsening of respiratory symptoms indicative of ILD/pneumonitis (e.g., dyspnea,
cough, and fever). Immediately withhold LORBRENA in patients with suspected
ILD/pneumonitis. Permanently discontinue LORBRENA for treatment-related
ILD/pneumonitis of any severity.
Embryo-Fetal Toxicity
Based on findings from animal studies and its mechanism of action, LORBRENA
can cause fetal harm when administered to a pregnant woman. Administration of
lorlatinib to pregnant rats and rabbits by oral gavage during the period of
organogenesis resulted in malformations, increased post-implantation loss, and
abortion at maternal exposures that were equal to or less than the human
exposure at the recommended dose of 100 mg once daily based on area under
the curve (AUC).
Advise pregnant women of the potential risk to a fetus. Advise females of
reproductive potential to use an effective non-hormonal method of contraception,
since LORBRENA can render hormonal contraceptives ineffective, during
treatment with LORBRENA and for at least 6 months after the final dose. Advise
males with female partners of reproductive potential to use effective contraception
during treatment with LORBRENA and for 3 months after the final dose.
ADVERSE REACTIONS
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 LORBRENA in 332 patients
with ALK-positive or ROS1-positive, metastatic non-small cell lung cancer (NSCLC)
enrolled in a multi-cohort, multinational, non-comparative, dose-finding, and activityestimating trial (Study B7461001) who received LORBRENA at doses ranging from
10 mg to 200 mg daily in single or divided doses.
The data described below reflect exposure to LORBRENA in 295 ALK-positive or
ROS1-positive metastatic NSCLC who received LORBRENA 100 mg orally once daily
in Study B7461001. The median duration of exposure to LORBRENA was 12.5 months
(1 day to 35 months) and 52% received LORBRENA for ≥12 months. Patient
characteristics were a median age of 53 years (19 to 85 years), age ≥65 years (18%),
female (58%), White (49%), Asian (37%), and Eastern Cooperative Oncology Group
(ECOG) performance status 0 or 1 (96%).
The most common (≥20%) adverse reactions were edema, peripheral neuropathy,
cognitive effects, dyspnea, fatigue, weight gain, arthralgia, mood effects, and diarrhea;
the most common (≥20%) laboratory abnormalities were hypercholesterolemia,
hypertriglyceridemia, anemia, hyperglycemia, increased AST, hypoalbuminemia,
increased ALT, increased lipase, and increased alkaline phosphatase.
Serious adverse reactions occurred in 32% of the 295 patients; the most frequently
reported serious adverse reactions were pneumonia (3.4%), dyspnea (2.7%), pyrexia
(2%), mental status changes (1.4%), and respiratory failure (1.4%). Fatal adverse
reactions occurred in 2.7% of patients and included pneumonia (0.7%), myocardial
infarction (0.7%), acute pulmonary edema (0.3%), embolism (0.3%), peripheral artery
occlusion (0.3%), and respiratory distress (0.3%). Permanent discontinuation of
LORBRENA for adverse reactions occurred in 8% of patients.
The most frequent adverse reactions that led to permanent discontinuation were
respiratory failure (1.4%), dyspnea (0.7%), myocardial infarction (0.7%), cognitive
effects (0.7%) and mood effects (0.7%). Approximately 48% of patients required dose
interruption. The most frequent adverse reactions that led to dose interruptions were
edema (7%), hypertriglyceridemia (6%), peripheral neuropathy (5%), cognitive effects
(4.4%), increased lipase (3.7%), hypercholesterolemia (3.4%), mood effects (3.1%),
dyspnea (2.7%), pneumonia (2.7%), and hypertension (2.0%). Approximately 24% of
patients required at least 1 dose reduction for adverse reactions. The most frequent
adverse reactions that led to dose reductions were edema (6%), peripheral neuropathy
(4.7%), cognitive effects (4.1%), and mood effects (3.1%).
Tables 2 and 3 summarize common adverse reactions and laboratory abnormalities,
respectively, in patients treated with LORBRENA in Study B7461001.

Table 2: Adverse Reactions Occurring in ≥10% of Patients in
Study B7461001*
Adverse Reaction

Grade 3 or 4
(%)

23

1.7

47
27
18
16
12
10

2.7
2.0
0.7
0.7
0.3
0

Respiratory
Dyspnea
Cough

27
18

5.4
0

Ocular
Vision disorder f

15

0.3

22
18
15
12

0.7
0.7
0
1

Nervous system
Peripheral neuropathyb
Cognitive effectsc
Headache
Dizziness
Speech effectsd
Sleep effectse

Gastrointestinal
Diarrhea
Nausea
Constipation
Vomiting

Adverse Reaction

LORBRENA
(N=295)
All Grades
(%)

Grade 3 or 4
(%)

Musculoskeletal and connective tissue
Arthralgia
Myalgiag
Back pain
Pain in extremity

23
17
13
13

0.7
0
0.7
0.3

General
Edemah
Fatiguei
Weight gain
Pyrexia

57
26
24
12

3.1
0.3
4.4
0.7

Infections
Upper respiratory tract infectionj

12

0

Skin
Rashk

14

0.3

*Adverse reactions were graded using NCI CTCAE version 4.0.
Abbreviations: NCI CTCAE=National Cancer Institute Common Terminology Criteria for Adverse Events;
SOC=System organ class.
a
Mood effects (including affective disorder, affect lability, aggression, agitation, anxiety, depressed mood,
depression, euphoric mood, irritability, mania, mood altered, mood swings, personality change, stress,
suicidal ideation).
b
Peripheral neuropathy (including burning sensation, carpal tunnel syndrome, dysesthesia, formication,
gait disturbance, hypoesthesia, muscular weakness, neuralgia, neuropathy peripheral, neurotoxicity,
paresthesia, peripheral sensory neuropathy, sensory disturbance).
c
Cognitive effects (including events from SOC Nervous system disorders: amnesia, cognitive disorder,
dementia, disturbance in attention, memory impairment, mental impairment; and also including events
from SOC Psychiatric disorders: attention deficit/hyperactivity disorder, confusional state, delirium,
disorientation, reading disorder).
d
Speech effects (including aphasia, dysarthria, slow speech, speech disorder)
e
Sleep effects (including abnormal dreams, insomnia, nightmare, sleep disorder, sleep talking,
somnambulism)
f
Vision disorder (including blindness, diplopia, photophobia, photopsia, vision blurred, visual acuity
reduced, visual impairment, vitreous floaters).
g
Myalgia (including musculoskeletal pain, myalgia).
h
Edema (including edema, edema peripheral, eyelid edema, face edema, generalized edema, localized
edema, periorbital edema, peripheral swelling, swelling).
i
Fatigue (including asthenia, fatigue).
j
Upper respiratory infection (including fungal upper respiratory infection, upper respiratory infection, viral
upper respiratory infection).
k
Rash (including dermatitis acneiform, maculopapular rash, pruritic rash, rash).

Additional clinically significant adverse reactions occurring at an incidence
between 1% and 10% were hallucinations (7%).

Table 3: Worsening Laboratory Values Occurring in ≥20% of
Patients in Study B7461001*
LORBRENA
Laboratory Abnormality

All Grades
(%)

Grade 3 or 4
(%)

Chemistry
Hypercholesterolemiaa
Hypertriglyceridemiaa
Hyperglycemiab
Increased ASTa
Hypoalbuminemiac
Increased ALTa
Increased lipased
Increased alkaline phosphatasea
Increased amylasee
Hypophosphatemiaa
Hyperkalemiab
Hypomagnesemiaa

96
90
52
37
33
28
24
24
22
21
21
21

18
18
5
2.1
1.0
2.1
10
1.0
3.9
4.8
1.0
0

Hematology
Anemiab
Thrombocytopeniab
Lymphopeniaa

54
23
22

4.8
0.3
3.4

*Grades using NCI CTCAE version 4.0.
Abbreviations: ALT=alanine aminotransferase; AST=aspartate aminotransferase; NCI CTCAE=National
Cancer Institute Common Terminology Criteria for Adverse Events.
N=number of patients who had at least one on-study assessment for the parameter of interest.
a
N=292. bN=293. cN=291. dN=290. eN=284.

DRUG INTERACTIONS
Effect of Other Drugs on LORBRENA

LORBRENA
(N=295)
All Grades
(%)

Psychiatric
Mood effectsa

Table 2: Adverse Reactions Occurring in ≥10% of Patients in
Study B7461001* continued

Effect of CYP3A Inducers
Concomitant use of LORBRENA with a strong CYP3A inducer decreased
lorlatinib plasma concentrations, which may decrease the efficacy of LORBRENA.
The effect of concomitant use of LORBRENA with a moderate CYP3A inducer
on lorlatinib plasma concentrations has not been studied.
Severe hepatotoxicity occurred in healthy subjects receiving LORBRENA with
rifampin, a strong CYP3A inducer. In 12 healthy subjects receiving a single 100 mg
dose of LORBRENA with multiple daily doses of rifampin, Grade 3 or 4 increases
in ALT or AST occurred in 83% of subjects and Grade 2 increases in ALT or AST
occurred in 8%. A possible mechanism for hepatotoxicity is through activation of
the pregnane X receptor (PXR) by LORBRENA and rifampin, which are both PXR
agonists. The risk of hepatotoxicity with concomitant use of LORBRENA and
moderate CYP3A inducers that are also PXR agonists is unknown.
LORBRENA is contraindicated in patients taking strong CYP3A inducers.
Discontinue strong CYP3A inducers for 3 plasma half-lives of the strong CYP3A
inducer prior to initiating LORBRENA.
Avoid concomitant use of LORBRENA with moderate CYP3A inducers. If
concomitant use of moderate CYP3A inducers cannot be avoided, monitor ALT,
AST, and bilirubin as recommended.

Effect of Strong CYP3A Inhibitors
Concomitant use with a strong CYP3A inhibitor increased lorlatinib plasma
concentrations, which may increase the incidence and severity of adverse
reactions of LORBRENA. Avoid the concomitant use of LORBRENA with a
strong CYP3A inhibitor. If concomitant use cannot be avoided, reduce
LORBRENA dose as recommended.

Hepatic Impairment
No dose adjustment is recommended for patients with mild hepatic impairment (total
bilirubin ≤ upper limit of normal [ULN] with AST > ULN or total bilirubin >1 to 1.5 ×
ULN with any AST). The recommended dose of LORBRENA has not been
established for patients with moderate or severe hepatic impairment.

Effect of LORBRENA on Other Drugs

Renal Impairment

CYP3A Substrates
Concomitant use of LORBRENA decreases the concentration of CYP3A
substrates, which may reduce the efficacy of these substrates. Avoid concomitant
use of LORBRENA with CYP3A substrates, where minimal concentration
changes may lead to serious therapeutic failures. If concomitant use is
unavoidable, increase the CYP3A substrate dosage in accordance with approved
product labeling.

NONCLINICAL TOXICOLOGY
Carcinogenesis, Mutagenesis, Impairment of Fertility

USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on findings from animal studies and its mechanism of action, LORBRENA
can cause embryo-fetal harm when administered to a pregnant woman. There
are no available data on LORBRENA use in pregnant women. Administration of
lorlatinib to pregnant rats and rabbits by oral gavage during the period of
organogenesis resulted in malformations, increased post-implantation loss, and
abortion at maternal exposures that were equal to or less than the human
exposure at the recommended dose of 100 mg once daily based on AUC (see
Data). Advise a pregnant woman 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 are 2 to 4% and 15
to 20%, respectively.
Data
Animal Data
Preliminary embryo-fetal development studies investigating the administration of
lorlatinib during the period of organogenesis were conducted in rats and rabbits. In
rabbits, lorlatinib administration resulted in abortion and total loss of pregnancy at
doses of 15 mg/kg (approximately 3 times the human exposure at the recommended
dose of 100 mg) or greater. At a dose of 4 mg/kg (approximately 0.6 times the human
exposure at the recommended dose of 100 mg) toxicities included increased postimplantation loss and malformations including rotated limbs, malformed kidneys,
domed head, high arched palate, and dilation of the cerebral ventricles. In rats,
administration of lorlatinib resulted in total loss of pregnancy at doses of 4 mg/kg
(approximately 5 times the human exposure at the recommended dose of 100 mg)
or greater. At a dose of 1 mg/kg (approximately equal to the human exposure at the
recommended dose of 100 mg) there was increased post-implantation loss,
decreased fetal body weight, and malformations including gastroschisis, rotated
limbs, supernumerary digits, and vessel abnormalities.

Lactation
Risk Summary
There are no data on the presence of lorlatinib or its metabolites in either human or
animal milk or its effects on the breastfed infant or on milk production. Because of the
potential for serious adverse reactions in breastfed infants, instruct women not to
breastfeed during treatment with LORBRENA and for 7 days after the final dose.

Females and Males of Reproductive Potential
Pregnancy Testing
Verify pregnancy status in females of reproductive potential prior to initiating LORBRENA.
Contraception
LORBRENA can cause embryo-fetal harm when administered to a pregnant woman.
Females
Advise female patients of reproductive potential to use effective non-hormonal
contraception during treatment with LORBRENA and for at least 6 months after the
final dose. Advise females of reproductive potential to use a non-hormonal method
of contraception, because LORBRENA can render hormonal contraceptives
ineffective.
Males
Based on genotoxicity findings, advise males with female partners of reproductive
potential to use effective contraception during treatment with LORBRENA and for at
least 3 months after the final dose.
Infertility
Males
Based on findings from animal studies, LORBRENA may transiently impair male fertility.

Pediatric Use
The safety and effectiveness of LORBRENA in pediatric patients have not
been established.

Geriatric Use

No dose adjustment is recommended for patients with mild or moderate renal
impairment (creatinine clearance [CLcr] 30 to 89 mL/min estimated by CockcroftGault). The recommended dose of LORBRENA has not been established for
patients with severe renal impairment.

Carcinogenicity studies have not been conducted with lorlatinib. Lorlatinib was
aneugenic in an in vitro assay in human lymphoblastoid TK6 cells and positive for
micronuclei formation in vivo in the bone marrow of rats. Lorlatinib was not mutagenic
in an in vitro bacterial reverse mutation (Ames) assay.
Dedicated fertility studies were not conducted with lorlatinib. Findings in male
reproductive organs occurred in repeat-dose toxicity studies and included lower
testicular, epididymal, and prostate weights; testicular tubular degeneration/atrophy;
prostatic atrophy; and/or epididymal inflammation at 15 mg/kg/day and 7 mg/kg/day
in rats and dogs, respectively (approximately 8 and 2 times, respectively, the human
exposure at the recommended dose of 100 mg based on AUC). The effects on male
reproductive organs were reversible.

Animal Toxicology and/or Pharmacology
Distended abdomen, skin rash, and increased cholesterol and triglycerides occurred
in animals. These findings were accompanied by hyperplasia and dilation of the bile
ducts in the liver and acinar atrophy of the pancreas in rats at 15 mg/kg/day and in
dogs at 2 mg/kg/day (approximately 8 and 0.5 times, respectively, the human
exposure at the recommended dose of 100 mg based on AUC). All effects were
reversible within the recovery period.

PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Patient Information).
Risk of Serious Hepatotoxicity with Concomitant Use of Strong CYP3A Inducers
Inform patients of the potential risk of hepatoxicity with the concomitant use of strong
CYP3A inducers. Advise patients to inform their healthcare providers of all
medications they are taking, including prescription medicines, over-the-counter
drugs, vitamins, and herbal products (e.g., St. John’s wort).
Central Nervous System (CNS) Effects
Advise patients to notify their healthcare provider if they experience new or worsening
CNS symptoms.
Hyperlipidemia
Inform patients that serum cholesterol and triglycerides will be monitored during
treatment. Advise patients that initiation or an increase in the dose of lipid-lowering
agents may be required.
Atrioventricular (AV) Block
Inform patients of the risks of AV block. Advise patients to contact their healthcare
provider immediately to report new or worsening cardiac symptoms.
Interstitial Lung Disease (ILD)/Pneumonitis
Inform patients of the risks of severe ILD/pneumonitis. Advise patients to contact their
healthcare provider immediately to report new or worsening respiratory symptoms.
Embryo-Fetal Toxicity
Advise females of reproductive potential of the potential risk to a fetus. Advise
females to inform their healthcare provider of a known or suspected pregnancy.
Advise females of reproductive potential to use effective non-hormonal contraception
during treatment with LORBRENA and for at least 6 months after the final dose.
Advise male patients with female partners of reproductive potential to use effective
contraception during treatment with LORBRENA and for at least 3 months after the
final dose.
Lactation
Advise women not to breastfeed during treatment with LORBRENA and for 7 days
after the final dose.
Infertility
Advise males of reproductive potential that LORBRENA may transiently impair
fertility.
Rx only
This brief summary is based on LORBRENA® (lorlatinib) Prescribing Information
LAB-1162-1.0
Rev. 11/2018.

Of the 295 patients in Study B7461001 who received 100 mg LORBRENA orally
once daily, 18% of patients were aged 65 years or older. Although data are limited,
no clinically important differences in safety or efficacy were observed between
patients aged 65 years or older and younger patients.

PP-LOR-USA-0041

© 2018 Pfizer Inc.
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Aprepitant Adds
Another Dosing Regimen
Aprepitant (Cinvanti) injectable emulsion for intravenous (IV) use
can now be administered in a 130-mg single-dose regimen for
the prevention of nausea and vomiting associated with moderately
emetogenic chemotherapy (MEC). The drug was previously approved for
MEC as part of a 3-day regimen that included oral aprepitant.
The new indication standardizes the aprepitant regimen for patients receiving
highly emetogenic cancer chemotherapy (HEC) and/or MEC as an injection over
2 minutes or an infusion over 30 minutes before chemotherapy. The recommended
single dosage for adults is 130 mg intravenously on day 1 for HEC and MEC. The drug
retains its approval for use in a 3-day regimen for MEC, with a dosage of 100 mg on
day 1 followed by 80-mg aprepitant capsules on days 2 and 3.
For each indication, dexamethasone and a 5-HT3 antagonist are given along
with aprepitant.
The new regimen builds on a prior label expansion that introduced the 2-minute IV
push, which results in operational advantages for healthcare providers and contributes to a reduction in total patient time spent at the infusion site, according to Heron
Therapeutics, Inc, the developer of aprepitant.
“The simplified dosing in MEC removes the need for patients to take oral aprepitant on days 2 and 3, which can improve compliance and reduce costs,” Rudolph M.
Navari, MD, PhD, FACP, a professor in the Division of Hematology and Oncology at
the University of Alabama at Birmingham School of Medicine, said in a press release.

TO READ MORE, VISIT onclive.com/link/6565.

CAR Therapy Is Accepted
in Expedited Program
CT053, an investigational anti-BCMA chimeric antigen receptor
(CAR) T-cell therapy, will be developed under the FDA’s Regenerative
Medicine Advanced Therapy (RMAT) program for the treatment of
patients with relapsed/refractory multiple myeloma (R/R MM).
RMAT is designed to expedite drug development and review for promising regenerative medicines and advanced therapies that have the potential to address unmet
medical need for serious and life-threatening diseases, according to the FDA. The
FDA has granted RMAT status for only 44 of 115 requests between the program’s
inception on December 13, 2016, and September 30, 2019, according to CARsgen
Therapeutics Co. Ltd, the company developing the drug.
CT053’s RMAT designation is based on results from an ongoing phase I/II trial
(NCT03975907) in patients with heavily pretreated R/R MM. Findings showed
that 21 of 24 patients (87.5%) had an objective response to CT053. The complete
response rate was 79.2% (n = 19) as of June 30, 2019. There were no grade ≥3 cases
of cytokine release syndrome, investigators said.
Updated results are scheduled to be presented at the 2019 American Society of
Hematology Annual Meeting in December.

TO READ MORE, VISIT onclive.com/link/6648.

GIST Therapy Is Evaluated
in Multiple Indications
Investigators are evaluating avapritinib, an investigational multikinase inhibitor, for 2 separate indications for gastrointestinal stromal

tumors (GISTs): one for patients with PDGFRA exon 18–mutant disease regardless of prior therapy and another for fourth-line GIST therapy, according to Blueprint
Medicines, the company developing the drug.
Additionally, the FDA has requested topline findings from the phase III VOYAGER
trial (NCT03465722) testing avapritinib versus regorafenib (Stivarga) in the third- or
fourth-line setting for patients with GIST.
In August 2019, avapritinib received a priority review designation for the 2 patient
populations. The initial action date for the FDA’s decision on the new drug application
(NDA) was February 14, 2020. Should avapritinib receive approval, Blueprint plans to
submit a supplemental NDA in third-line GIST in the second half of 2020.

TO READ MORE, VISIT onclive.com/link/6621.

Breast Cancer Drug
Gets Priority Review
The breast cancer drug [fam-]trastuzumab deruxtecan (DS-8201)
will receive a priority review for the treatment of patients with HER2positive metastatic disease. The FDA is scheduled to issue a decision
on the biologics license application (BLA) in the second quarter of 2020.
The BLA for the antibody-drug conjugate is based on data from a phase I trial
(NCT02564900) and the pivotal phase II DESTINY-Breast01 study (NCT03248492).
Investigators tested the safety and efficacy of the agent in 4 expansion cohorts:
HER2-positive breast cancer previously treated with ado-trastuzumab emtansine
(T-DM1; Kadcyla), HER2-positive gastric cancer treated with trastuzumab (Herceptin),
low-HER2-expressing breast cancer, and other HER2-expressing solid tumors.
The overall response rate was 59.5% (95% CI, 49.7%-68.7%), and the disease control
rate was 93.7% (95% CI, 87.4%-97.4%). The median duration of response was 20.7
months (0.0-21.8) and the median progression-free survival was 22.1 months (0.8-27.9).
The 2-part phase II DESTINY-Breast01 established an optimal dose of [fam-]trastuzumab deruxtecan at 5.4 mg/kg for patients with HER2-positive breast cancer who
had failed or discontinued prior therapy with T-DM1. Part 2 validated clinical activity
observed in the phase I trial. Results are scheduled to be presented at the 2019 San
Antonio Breast Cancer Symposium in December.

TO READ MORE, VISIT onclive.com/link/6538.

Niraparib Receives Breakthrough
Therapy Tag in mCRPC
The FDA awarded niraparib (Zejula) a breakthrough designation for
the treatment of patients with BRCA1/2–mutant metastatic castration-resistant prostate cancer (mCRPC) who have previously received
taxane-based chemotherapy and an androgen receptor (AR) inhibitor.
BRCA1/2 mutations are the most common DNA-repair gene defects (DRDs) in
patients with mCRPC and increase the risks of prostate cancer occurrence and more
aggressive disease. Patients with mCRPC who experience disease progression after
AR-targeted treatment and taxane-based chemotherapy generally have poor prognoses. Few therapeutic options exist for this patient population.
The decision was based on the phase II GALAHAD study (NCT02854436), in which
the PARP inhibitor led to an overall response rate of 41% in patients positive for BRCA
biallelic DRD. Median radiographic progression-free survival and overall survival were
8.2 months and 12.6 months, respectively.

TO READ MORE, VISIT onclive.com/link/6484.
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BY T H E N U M B E R S
The Armamentarium of Biosimilars Becomes More Robust
F I G U R E . F D A - A P P R O V E D B I O S I M I L A R S F O R PAT I E N T S W I T H C A N C E R

KEY

A. Cervical
B. CLL
C.	Effects of
myelosuppressive
chemotherapy
D.	Glioblastoma

n Biosimilar n Reference Product
Pegfilgrastim-bmez
(Ziextenzo)
Trastuzumab-dkst
(Ogivri)

E.	Granulomatosis
with polyangiitis
F. HER2+ breast
G.	HER2+
metastatic
gastric or GEJ

H. Infection/
neutropenia
I. mCRC
J. mRCC
K. NHL
L. NSCLC

Approved: November 2019
H

Approved: December 2017
Filgrastim-sndz
(Zarxio)

F, G
Bevacizumab-bvzr
(Zirabev)
Approved: June 2019
I, L, D, J, A

Pegfilgrastim-cbqv
(Udenyca)

Trastuzumab-anns
(Kanjinti)
Approved: June 2019

Trastuzumab-dttb
(Ontruzant)

F, G

Approved: January 2019

Approved: March 2015
H

Approved: November 2018

Rituximab-pvvr
(Ruxience)
Approved: July 2019

H

Epoetin alfa-epbx
(Retacrit)
Approved: May 2018
C

B,E,K

F, G

Bevacizumab
(Avastin)

Trastuzumab
(Herceptin)

Pegfilgrastim
(Neulasta)

Filgrastim
(Neupogen)

Trastuzumab-pkrb
(Herzuma)
Bevacizumab-awwb
(Mvasi)

Trastuzumab-qyyp
(Trazimera)

Approved: September 2017

Approved: March 2019

I, L, D, J, A

F, G

Approved: December 2018
F

Pegfilgrastim-jmdb
(Fulphila)
Approved: June 2018
H

Rituximab
(Rituxan)

Filgrastim-aafi
(Nivestym)

Epoetin alfa
(Epogen)

Approved: July 2018

Rituximab-abbs
(Truxima)

H

Approved: November 2018
B, K

CLL indicates chronic lymphocytic leukemia; GEJ, gastroesophageal junction; mCRC, metastatic colorectal cancer; mRCC, metastatic renal cell carcinoma; NHL, non-Hodgkin lymphoma; NSCLC, non–small
cell lung cancer.

THE SLATE OF BIOSIMILARS for cancer is growing, and with this expansion
the potential for price competition has improved. In November 2019,
LA-EP2006 (pegfilgrastim-bmez; Ziextenzo) became the sixth biosimilar for
cancer to get FDA clearance so far this year and the 15th biosimilar indicated
for cancer on the US market (FIGURE).1 Unlike generic drugs, biosimilars
slightly differ from their reference or originator drugs and therefore undergo
a separate FDA review process. In US oncology, the use of biosimilars dates
to 2015, when the FDA accepted filgrastim-sndz (Zarxio).
In May of this year, the agency issued guidance on how manufacturers
can achieve “interchangeable” status for their biosimilars, which would
facilitate prescribing.2 The information acquaints biosimilar manufacturers
with the standards that will guide the FDA’s review of all biosimilars
submitted for evaluation. In the US market, no biosimilars have yet
achieved this status.3
To obtain FDA approval as a biosimilar, the drug must be “highly similar”
to the originator product based on analytic tests, toxicity studies, and
clinical studies that demonstrate safety, purity, and potency.4 “It can’t
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show immunogenicity that’s different from the originator product and
then it has to have clinical similarity in a specific setting,” Hope S. Rugo,
MD, FASCO, director of Breast Oncology and Clinical Trials Education,
University of California San Francisco Helen Diller Family Comprehensive
Cancer Center, said in an interview with OncologyLive®.5
Although a generic drug takes an average of 3 years to develop, a
biosimilar by contrast requires approximately 7 to 8 years.6 The length
of this process contributed to Pfizer’s recent decision to redirect funding
from 5 of its preclinical biosimilar programs to late-stage programs in
disease areas with unmet need or limited treatment options, because the
biosimilars would not have been available “for at least 4 to 8 years.”7
Unexpired patents for originator drugs also limit biosimilar market entry.
These products cannot enter the market until the original agent’s patent
expires. For example, a biosimilar competitor for nivolumab (Opdivo) is not
expected to be available before 2024.8 n
For the full list of references, see the article at

SERMONIX

Drug Spotlight E R D A F I T I N I B ( B A LV E R S A )
Erdafitinib Tackles an Unmet Need in Urothelial Carcinoma
by BRITTANY LOVELY

AS THE FIRST TARGETED THERAPY in bladder cancer,
erdafitinib (Balversa) expands the limited treatment options
for the subset of patients with urothelial carcinoma who
harbor FGFR3 or FGFR2 genetic alterations. In results from
a phase II clinical trial (NCT02365597), erdafitinib demonstrated a robust response rate and was tolerable in a
population with a typically poor prognosis, said Arlene O.
Siefker-Radtke, MD.
ARLENE O.
SIEFKER-RADTKE, MD
In an interview with OncologyLive®, Siefker-Radtke,
a professor in the Department of Genitourinary Medical Oncology at The
University of Texas MD Anderson Cancer Center in Houston and a leading investigator in the pivotal BLC2001 trial, discussed the role erdafitinib will play in
shaping the treatment paradigm for patients with FGFR alterations.

Q:

Could you please provide an overview of the patient population
eligible for this drug?
Erdafitinib is currently approved in the second-line setting following some form
of frontline chemotherapy. This could be chemotherapy for metastatic disease
or it could be recurrences within 1 year of neoadjuvant or adjuvant chemotherapy. Patients do not have to have failed prior immunotherapy to go on
treatment with erdafitinib. The other thing to consider with the patient population is that these patients have to have a known FGFR3 or FGFR2 alteration.

Q:

Can you discuss the efficacy data that led to the approval
of erdafitinib?
The clinical trial met its objective, with a 40% objective response rate. There
were additional patients who had a reduction in the size of their tumor that
was not of the extent to be a partial or complete remission. So, about 70% of
patients, or slightly over that in all, had some reduction in size of their cancer.
The median overall survival was promising as well. The median overall survival
was 13.8 months, which is quite good in the second-line setting when you
consider the impact of single-agent taxanes and the impact of immunotherapy.
By both response and objective survival, this treatment does appear very promising. And the trial did meet its primary endpoint of objective response rate.

Q:

Can you describe the mechanism of action?
Erdafitinib is an oral agent, and it is an inhibitor of activating FGFR3
receptor alterations. It works in the active kinase region for FGFR3, blocking the
effectiveness on tumor cells, and unlike other TKIs [tyrosine kinase inhibitors]
in kidney cancer, this had both cytoreductive in addition to some cytostatic
effects. That’s why we are seeing responses in 40% of patients.

Q:

What else do we know about erdafitinib’s tolerability?
At the time this therapy was being developed, the other FGFR inhibitors that have been studied to date, particularly dovitinib and the compound
BGJ398 [infigratinib], could only be given on an intermittent schedule because
of toxicity. So, when we were designing this trial, we initially randomized
patients on either an intermittent schedule of either 10 mg [daily] 1 week on,
1 week off or a continuous schedule of 60 mg daily. After evaluating a group
of patients based on toxicity and the potential for activity, the continuous dose
was selected for further accrual for the phase II portion.
We found we were able to increase that daily dose to an 8-mg daily dose, and
then with additional testing, [we] found that 9 mg may be optimal for a portion of
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patients. After starting an 8-mg daily dose, on day 15 or 14, phosphorous levels were
checked, and if they were <5.5 mg/dL, then the patient was increased from an 8-mg
daily dose to a 9-mg daily dose.
As expected with other FGF [fibroblast growth factor] inhibitors, we did
see hyperphosphatemia, although we were actually pushing toward hyperphosphatemia since we thought that would indicate appropriate suppression
of FGFR3. Otherwise, it has other similar adverse effects to other TKIs. We
see a bit of hand-foot syndrome, we see nail changes, a bit of dry mouth, dry
skin, dry eyes.
One of the adverse events of special interest is central serous retinopathy,
which has been reported with other inhibitors of the MAP kinase pathway, so
all patients have a baseline OCT [optical coherence tomography] testing by
ophthalmology. Then we did Amsler grid monitoring, and if patients reported
any changes in the grid lines or blurred vision, we would send them back to
ophthalmology, hold the therapy, and test to see whether central serous retinopathy was present.
Even in patients in whom it was present, many, after holding the dose,
were able to resume treatment. Overall, it did appear relatively well tolerated
compared with historical data with cisplatin.

Q:

How does erdafitinib fit into the current treatment paradigm?
Until erdafitinib’s approval, there were only 2 classes of treatment
approved. One was platinum-based chemotherapy, and then in patients who
failed platinum, [there was] immune checkpoint inhibitor therapy. Immune
checkpoint inhibitors were also approved for patients who were cisplatin ineligible but had [positive] PD-L1 expression. The treatment options have truly
been quite limited. Erdafitinib brings to the table a new oral agent, the first
targeted agent for FGFR3, and the first personalized therapy for the treatment
of urothelial cancer.

Q:

What are the next steps for erdafitinib?
There have been some interesting data suggesting that urothelial tumors
with FGFR3 alteration appear immunologically cold and may not respond as well
to immunotherapy. When we looked at patients on this trial who received prior
immunotherapy, there were 22 patients, and only 1 out of those 22 patients
had an investigator-reported response to their immune checkpoint inhibitor.
One thought is that this could reflect an unmet need, and it raised the question:
Might FGFR-alerted urothelial tumors benefit more from treatment with an FGF
inhibitor compared with an immune checkpoint inhibitor?
The phase III confirmatory trial, which is called THOR [NCT03390504], takes
patients who have failed prior chemotherapy, either in the metastatic setting or
within 12 months of neoadjuvant or adjuvant chemotherapy, and randomizes
them to either erdafitinib or an immune checkpoint inhibitor. If a patient has
already received an immune checkpoint inhibitor, they may go on treatment,
but they are in a second group of patients who are randomized between FGF
inhibition or a taxane.
There is also a second trial called NORSE [NCT03473743], which combines
erdafitinib with immunotherapy. The hypothesis is that the use of FGFR3 inhibition may take this immunologically cold tumor and make it more susceptible
to an immune response; combining with an immune checkpoint inhibitor may
enhance the clinical activity of both. This trial is a phase I/II trial, and in the
phase II portion, the patients are randomized front line to either erdafitinib or
erdafitinib with an immune checkpoint inhibitor. n

FDA APPROVAL—April 12, 2019
FDA grants approval for erdafitinib (Balversa) for the treatment of adult patients with locally advanced
or metastatic urothelial carcinoma that has susceptible FGFR3 or FGFR2 alterations and has progressed
during or following ≥1 line of prior platinum-containing chemotherapy, including within 12 months of
neoadjuvant or adjuvant platinum-containing chemotherapy.
Mechanism of action of erdafitinib:
• Inhibits FGFR1, FGFR2, FGFR3 and FGFR4 and
binds to RET, CSF1R, PDGFRA, PDGFRB, FLT4,
KIT, and VEGFR2.
• Decreases cell viability in cell lines expressing
FGFR genetic alterations, including point mutations, amplifications, and fusions.

PATIENT CHARACTERISTICS
Efficacy Population (N = 87)

How supplied: 3-, 4-, and 5-mg tablets

Age

Dosing: 8 mg taken orally once daily, with or
without food, with an increase to 9 mg once daily if
criteria are met

Smoking Statusa

11.5%

5.7%

≥75 years

Missing

Company: Janssen Pharmaceutical Companies of
Johnson & Johnson

12.6%
Current
smoker

39.1%

<65 years

PIVOTAL EFFICACY DATA FOR UROTHELIAL CARCINOMA APPROVAL
Study BCL2001 (NCT02365597)—A single-arm phase II study of erdafitinib in patients with locally
advanced or metastatic urothelial carcinoma who progressed after prior chemotherapy and harbored
at least 1 of the following genetic alterations: FGFR3 mutations in R248C, S249C, G370C, or Y373C, or
these FGFR gene fusions: FGFR3-TACC3, FGFR3-BAIAP2L1, FGFR2-BICC1, and FGFR2-CASP7.
Patients received erdafitinib at a starting dosage of 8 mg once daily, with an increase to 9 mg daily in
those whose serum phosphate levels were below the target of 5.5 mg/dL between days 14 and 17. The
starting dosage was increased to 9 mg daily in 41% of the patients.

49.4%

Numbers are rounded.

Prior Chemotherapy

N = 87

ORR (95% CI)

32.2% (22.4%-42.0%)

CR, n (%)

2 (2.3%)

PR, n (%)

26 (29.9%)

Stable disease, n (%)

40 (46.0%)

DOR, median months

5.42 (4.21-6.93)

Genetic Alteration

Erdafitnib

FGFR3 point mutation

n = 64
40.6% (28.6%-52.7%)

FGFR3 fusionb,c

n = 18

ORR (95% CI)

11.1% (0%-25.6%)

FGFR2 fusionc

n=6

ORR

0

Erdafitnib (N = 87)
All grades (%)

Grade 3-4 (%)

Stomatitis

56%

9%

Diarrhea

47%

2%

Fatigue

54%

10%

Dry mouth

45%

0%

Dysgeusia

37%

1%

Onycholysis

41%

10%

Dry eye

34%

6%

52

(59.8%)

35

30

40

(40.2%)

(34.5%)

20

3

(3.4%)

0
Platinum-based

Cisplatin-based

Carboplatin-based

n No

Prior Therapy Immunotherapy

Lines of Therapy

100
80

CR indicates complete response; DOR, duration of response; ORR, objective response rate; PR, partial response.
a
Responses were assessed by blinded independent review committee.
b
Both responders had FGFR3-TACC3_V1 fusion.
c
One patient with an FGFR2-CASP7/FGFR3-TACC3_V3 fusion is reported in the FGFR2 fusion and FGFR3 fusion groups above.

Adverse
Reaction

57

(65.5%)

60

n Yes

ORR (95% CI)

SELECT ADVERSE REACTIONS OCCURRING IN
≥20% OF PATIENTS TREATED WITH ERDAFITINIB

80

Number of Patients

a

84

(96.6%)

Number of Patients

Overall Population

51.5%

Ex-smoker

a

F I N D I N G S F O R O V E R A L L P O P U L AT I O N A N D B Y F G F R G E N E T I C A LT E R AT I O N

Erdafitnib

Never

65 to <75 years

100

Efficacy Parameter

29.9%

44 (50.6%)
29 (33.3%)
14 (16.1%)

66

(75.9%)

60
40

21

(24.1%)

20

WARNINGS AND PRECAUTIONS
• Ocular disorders: Central serous retinopathy/
retinal pigment epithelial detachment (CSR/
RPED) can occur. Perform monthly ophthalmological examinations during the first 4 months
of treatment, every 3 months thereafter, and
at any time, for visual symptoms. Withhold
erdafitinib when CSR/RPED occurs and
permanently discontinue if it does not resolve
within 4 weeks or if grade 4 in severity.
• Hyperphosphatemia: Monitor for an
increase in phosphate levels and manage
with dose modification when required.
• Embryo-fetal toxicity: Advise patients of
the potential risk to the fetus and to use
effective contraception.

0
n Yes

Platinum-based
n No

n1

n2

n ≥3
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~40% of patients

with advanced HCC are
AFP-High (AFP ≥400 ng/mL)

1-3
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New Therapies Set Stage for Dramatic Changes in Bladder Cancer
THE VAST MAJORITY OF patients with urothelial
cancer of the bladder present with non–muscleinvasive disease, and a large proportion can be effectively managed with transurethral resections with
or without intravesical medication. However, once
the disease invades the bladder’s muscle layer, the
risk of metastatic dissemination increases, prompting a need for more intensive treatment.
MATTHEW
GALSKY, MD
Surgery or radiation can be curative for localized
muscle-invasive disease. However, approximately 50% of patients
will develop metastatic recurrence and approximately 5% of patients
present de novo with metastatic disease. Therefore, the field’s major
efforts over the past decade have focused on improving systemic
treatment either as a primary treatment for patients with evidence
of metastatic disease or as a combination therapy, integrated with
surgery or radiation for localized disease.
In the early 2000s, practice-changing approaches in localized disease
were realized, building on decades of past investigation. Importantly,
2 large randomized clinical trials demonstrated that neoadjuvant
cisplatin-based chemotherapy improved survival in patients, solidifying
this approach as a standard of care. Another study showed a significant

2000

Gemcitabine with cisplatin
is found to be comparably
effective to SOC MVAC
with fewer adverse events.1

2003

Neoadjuvant chemotherapy
improves survival in patients
undergoing surgery whose
cancer has not spread significantly beyond the bladder
compared with surgery alone,
becoming the SOC.2,3

improvement in locoregional disease-free survival with the use of
concurrent chemotherapy and definitive radiation in muscle-invasive
disease. Results from this study reinforced the applicability of “trimodality” therapy as a bladder-sparing approach with curative intent.
Like most malignancies, urothelial cancer is characterized by
substantial heterogeneity both in treatment methodology and patient
outcomes. Major advances over the past 20 years have defined the
molecular landscape of urothelial cancer. Several groups have identified subtypes of muscle-invasive urothelial cancer that correlate with
different prognoses and potentially even different benefit from neoadjuvant chemotherapy. This work recently culminated in a consensus
classification of 6 molecular subtypes of muscle-invasive bladder
cancer. These subtypes are poised to become the focus of prospective
trials seeking to establish the clinical utility of this information.
Key recurrent somatic alterations that are suspected or confirmed to
have therapeutic implications have also been identified in urothelial
cancer. For example, mutations in the nucleotide excision repair gene
ERCC2 and other genes involved in DNA damage response and repair
have been associated with high rates of pathological complete response
with neoadjuvant cisplatin-based chemotherapy. These alterations are
being tested as predictors of response to systemic chemotherapy in

2008

Specialized CT urograph
scan offers a noninvasive
method for detecting new
and recurring cancers.4

2012

Synchronous chemotherapy with
fluorouracil and mitomycin C
combined with RT is shown to
improve locoregional control of
bladder cancer compared with RT
alone, with no increase in AEs.5

AE indicates adverse event; CT, computed tomography; MVAC, methotrexate, vinblastine, doxorubicin, cisplatin; RT, radiotherapy; SOC, standard of care.
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2014

The Cancer Genome Atlas project
analyzes 131 urothelial carcinomas
to determine molecular alterations.6

patients with muscle-invasive disease. The goal is to
discover whether systemic treatment might be curative
in this group and dispel the need for cystectomy.
Mutations in FGFR3, present in 10% to 15% of
muscle-invasive urothelial cancers, were recently
shown to confer sensitivity to treatment with small
molecule FGFR3 inhibitors in patients with platinumresistant metastatic disease. The FDA approved
the first targeted systemic therapy for the
treatment of urothelial cancer, erdafitinib
(Balversa), in April 2019.
Immune checkpoint blockade has
dramatically changed the treatment landscape for urothelial cancer. Some of the
first presurgical trials tested ipilimumab
(Yervoy) in patients with urothelial cancer and
demonstrated proof-of-concept pharmacodynamic
effects, including infiltration of T cells in posttreatment
cystectomy specimens. After demonstrating activity
in advanced solid tumors not typically thought to be
sensitive to immunotherapy such as lung cancer, PD-1/
PD-L1 inhibitors became the focus of clinical investigation. This work led to the approval of 5 agents for
the treatment of platinum-resistant metastatic disease
between 2016 and 2017: atezolizumab (Tecentriq),
nivolumab (Opdivo), durvalumab (Imfinzi), avelumab
(Bavencio), and pembrolizumab (Keytruda).
For decades, standard frontline treatment for metastatic disease has been cisplatin-based chemotherapy.
However, renal impairment and other comorbidities

2016

Atezolizumab (Tecentriq)
becomes the first new
treatment for urothelial
carcinoma in 30 years and
the first PD-L1 immune
checkpoint inhibitor.7

2017

A surge of FDA approvals
arrives for the immunotherapies
pembrolizumab (Keytruda),
avelumab (Bavencio),
durvalumab (Imfinzi),
and nivolumab (Opdivo).8

cause a large subset of patients to be considered
cisplatin ineligible. PD-1/PD-L1 inhibitors filled a void
for these patients, offering them a safe and tolerable
treatment alternative.
Although frontline treatment for cisplatin-eligible patients with metastatic disease has remained
unchanged for 20 years, an unprecedented number
of frontline randomized phase III trials are
enrolling both cisplatin-eligible and cisplatin-ineligible patients. The first of these
trials to report results, IMvigor130
(NCT02807636), randomized patients
to platinum-based chemotherapy with
atezolizumab versus single-agent
atezolizumab versus platinum-based
chemotherapy. Findings demonstrated a
significant improvement in progression-free
survival with the addition of atezolizumab to chemotherapy versus chemotherapy alone. There was also an
improvement in overall survival at interim analysis.
The number of new therapies that have shown singleagent activity in metastatic disease, the earlier use
of immune checkpoint blockade, and our continued
attempts to refine our knowledge of the pathogenesis
of urothelial carcinoma are expected to dramatically
change treatment algorithms and outcomes over the
next 5 to 10 years. n
Matthew Galsky, MD
Icahn School of Medicine at Mount Sinai
New York, NY

2018

Label updates for pembrolizumab
and atezolizumab require positive
PD-L1 expression status for frontline use in patients with locally
advanced or metastatic disease
who are not eligible for cisplatincontaining chemotherapy.8
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Erdafitinib (Balversa) becomes
the first targeted therapy
for bladder cancer with an
approval for locally advanced
or metastatic disease with
FGFR3 or FGFR2 alterations.8
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I N PO S T-GEM CI TABI NE
M ETAS TAT I C PANCREAT I C CANCER

T H E E V I D E N C E TO

FIGHT ON
with ONIVYDE®

The first and only FDA-approved treatment, in combination with 5-FU/LV, for metastatic
pancreatic cancer after gemcitabine-based therapy, proven to extend overall survival (OS)1

INDICATION
ONIVYDE® (irinotecan liposome injection) is indicated, in combination with fluorouracil (5-FU) and leucovorin (LV), for the treatment of patients with metastatic
adenocarcinoma of the pancreas after disease progression following gemcitabine-based therapy.
Limitation of Use: ONIVYDE is not indicated as a single agent for the treatment of patients with metastatic adenocarcinoma of the pancreas.
IMPORTANT SAFETY INFORMATION
WARNING: SEVERE NEUTROPENIA and SEVERE DIARRHEA
Fatal neutropenic sepsis occurred in 0.8% of patients receiving ONIVYDE. Severe or life-threatening neutropenic fever or sepsis occurred in 3% and severe
or life-threatening neutropenia occurred in 20% of patients receiving ONIVYDE in combination with 5-FU and LV. Withhold ONIVYDE for absolute
neutrophil count below 1500/mm3 or neutropenic fever. Monitor blood cell counts periodically during treatment.
Severe diarrhea occurred in 13% of patients receiving ONIVYDE in combination with 5-FU/LV. Do not administer ONIVYDE to patients with bowel
obstruction. Withhold ONIVYDE for diarrhea of Grade 2–4 severity. Administer loperamide for late diarrhea of any severity. Administer atropine, if not
contraindicated, for early diarrhea of any severity.
CONTRAINDICATION
ONIVYDE is contraindicated in patients who have experienced a severe
hypersensitivity reaction to ONIVYDE or irinotecan HCl.
WARNINGS AND PRECAUTIONS
Severe Neutropenia
ONIVYDE can cause severe or life-threatening neutropenia and fatal
neutropenic sepsis. In a clinical study, the incidence of fatal neutropenic sepsis
was 0.8% among patients receiving ONIVYDE, occurring in 1/117 patients
in the ONIVYDE + 5-FU/LV arm and 1/147 patients receiving ONIVYDE
as a single agent. Severe or life-threatening neutropenia occurred in 20% of
patients receiving ONIVYDE + 5-FU/LV vs 2% of patients receiving 5-FU/
LV. Grade 3/4 neutropenic fever/neutropenic sepsis occurred in 3% of patients
receiving ONIVYDE + 5-FU/LV, and did not occur in patients receiving 5-FU/
LV. In patients receiving ONIVYDE + 5-FU/LV, the incidence of Grade 3/4
neutropenia was higher among Asian (18/33 [55%]) vs White patients (13/73
[18%]). Neutropenic fever/neutropenic sepsis was reported in 6% of Asian vs 1%
of White patients.
Severe Diarrhea
ONIVYDE can cause severe and life-threatening diarrhea. Do not administer
ONIVYDE to patients with bowel obstruction. Severe and life-threatening
late-onset (onset >24 hours after chemotherapy) and early-onset diarrhea (onset
≤24 hours after chemotherapy, sometimes with other symptoms of cholinergic
reaction) were observed. An individual patient may experience both early- and
late-onset diarrhea.
In a clinical study, Grade 3/4 diarrhea occurred in 13% of patients receiving
ONIVYDE + 5-FU/LV vs 4% receiving 5-FU/LV. Grade 3/4 late-onset diarrhea
occurred in 9% of patients receiving ONIVYDE + 5-FU/LV vs 4% in patients

receiving 5-FU/LV; the incidences of early-onset diarrhea were 3% and no
Grade 3/4 incidences, respectively. Of patients receiving ONIVYDE + 5-FU/LV,
34% received loperamide for late-onset diarrhea and 26% received atropine for
early-onset diarrhea.
Interstitial Lung Disease (ILD)
Irinotecan HCl can cause severe and fatal ILD. Withhold ONIVYDE in patients
with new or progressive dyspnea, cough, and fever, pending diagnostic evaluation.
Discontinue ONIVYDE in patients with a confirmed diagnosis of ILD.
Severe Hypersensitivity Reactions
Irinotecan HCl can cause severe hypersensitivity reactions, including anaphylactic
reactions. Permanently discontinue ONIVYDE in patients who experience a
severe hypersensitivity reaction.
Embryo-Fetal Toxicity
Based on animal data with irinotecan HCl and the mechanism of action of
ONIVYDE, ONIVYDE 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 and for 1 month after
ONIVYDE treatment.
ADVERSE REACTIONS
• The most common (≥20%) adverse reactions in which patients receiving
ONIVYDE + 5-FU/LV experienced a ≥5% higher incidence of any Grade vs the
5-FU/LV arm, were diarrhea (any 59%, 26%; severe 13%, 4%) (early diarrhea
[any 30%, 15%; severe 3%, 0%], late diarrhea [any 43%, 17%; severe 9%, 4%]),
fatigue/asthenia (any 56%, 43%; severe 21%, 10%), vomiting (any 52%, 26%;

Please see additional Important Safety Information throughout and Brief Summary of Full Prescribing Information, including
Boxed Warning, on adjacent pages.

ONIVYDE ® : RECOMMENDED &
FDA-APPROVED BASED ON EVIDENCE
THE ONLY CATEGORY 1
NCCN® CHEMOTHERAPY
RECOMMENDATION IN POSTGEMCITABINE METASTATIC
PANCREATIC CANCER2*
* Liposomal irinotecan + 5-FU/LV is the only Category 1 National Comprehensive
Cancer Network ® (NCCN ®) chemotherapy recommendation for patients with postgemcitabine metastatic pancreatic cancer with good performance status and disease
progression. 2 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.
†

FDA-APPROVED FOR METASTATIC
PANCREATIC CANCER AFTER
GEMCITABINE1
• Proven in combination with 5-FU/LV in NAPOLI-1—the largest
phase 3 trial† in patients with metastatic pancreatic cancer with
disease progression after gemcitabine-based therapy3,4

had progressed following gemcitabine-based therapy. Patients were initially
randomized to receive ONIVYDE ® (100 mg/m 2 every 3 weeks) or 5-FU/LV. After
63 patients were enrolled, a third arm, ONIVYDE ® (70 mg/m 2 every 2 weeks)
+ 5-FU/LV, was added. Treatment was continued until disease progression or
unacceptable toxicity. The primary endpoint was median OS. Additional efficacy
endpoints were progression-free survival and objective response rate. 1,4

NAPOLI-1 was a global, phase 3, randomized, open-label, multicenter trial in
patients (N=417) with metastatic adenocarcinoma of the pancreas whose disease

severe 11%, 3%), nausea (any 51%, 34%; severe 8%, 4%), decreased appetite
(any 44%, 32%; severe 4%, 2%), stomatitis (any 32%, 12%; severe 4%, 1%),
pyrexia (any 23%, 11%; severe 2%, 1%).
• Of less common (<20%) adverse reactions, patients receiving ONIVYDE
+ 5-FU/LV who experienced Grade 3/4 adverse reactions at a ≥2% higher
incidence of Grade 3/4 toxicity vs the 5-FU/LV arm, respectively, were sepsis
(3%, 1%), neutropenic fever/neutropenic sepsis (3%, 0%), gastroenteritis (3%,
0%), intravenous catheter-related infection (3%, 0%), weight loss (2%, 0%),
and dehydration (4%, 2%).
• The laboratory abnormalities in which patients receiving ONIVYDE +
5-FU/LV experienced a ≥5% higher incidence vs the 5-FU/LV arm, were
anemia (any 97%, 86%; severe 6%, 5%), lymphopenia (any 81%, 75%; severe
27%, 17%), neutropenia (any 52%, 6%; severe 20%, 2%), thrombocytopenia
(any 41%, 33%; severe 2%, 0%), increased alanine aminotransferase (any
51%, 37%; severe 6%, 1%), hypoalbuminemia (any 43%, 30%; severe 2%,
0%), hypomagnesemia (any 35%, 21%; severe 0%, 0%), hypokalemia (any
32%, 19%; severe 2%, 2%), hypocalcemia (any 32%, 20%; severe 1%, 0%),
hypophosphatemia (any 29%, 18%; severe 4%, 1%), hyponatremia (any 27%,
12%; severe 5%, 3%), increased creatinine (any 18%, 13%; severe 0%, 0%).
• ONIVYDE can cause cholinergic reactions manifesting as rhinitis, increased
salivation, flushing, bradycardia, miosis, lacrimation, diaphoresis, and intestinal
hyperperistalsis with abdominal cramping and early-onset diarrhea. Grade
1/2 cholinergic symptoms other than early diarrhea occurred in 12 (4.5%)
ONIVYDE-treated patients.
• Infusion reactions, consisting of rash, urticaria, periorbital edema, or pruritus,
occurring on the day of ONIVYDE administration were reported in 3% of
patients receiving ONIVYDE or ONIVYDE + 5-FU/LV.
• The most common serious adverse reactions (≥2%) of ONIVYDE were
diarrhea, vomiting, neutropenic fever or neutropenic sepsis, nausea, pyrexia,
sepsis, dehydration, septic shock, pneumonia, acute renal failure,
and thrombocytopenia.

DRUG INTERACTIONS
Avoid the use of strong CYP3A4 inducers, if possible, and substitute
non-enzyme–inducing therapies ≥2 weeks prior to initiation of ONIVYDE.
Avoid the use of strong CYP3A4 or UGT1A1 inhibitors, if possible, and
discontinue strong CYP3A4 inhibitors ≥1 week prior to starting therapy.
USE IN SPECIFIC POPULATIONS
Pregnancy and Reproductive Potential
Advise pregnant women of the potential risk to a fetus. Advise males with female
partners of reproductive potential to use effective contraception during and for
4 months after ONIVYDE treatment.
Lactation
Advise nursing women not to breastfeed during and for 1 month after
ONIVYDE treatment.
Pediatric
Safety and effectiveness of ONIVYDE have not been established in
pediatric patients.
DOSAGE AND ADMINISTRATION
The recommended dose of ONIVYDE is 70 mg/m2 intravenous (IV) infusion
over 90 minutes every 2 weeks, administered prior to LV and 5-FU. The
recommended starting dose of ONIVYDE in patients known to be homozygous
for the UGT1A1*28 allele is 50 mg/m2 administered by IV infusion over
90 minutes. There is no recommended dose of ONIVYDE for patients with
serum bilirubin above the upper limit of normal. Premedicate with a corticosteroid
and an anti-emetic 30 minutes prior to ONIVYDE. Withhold ONIVYDE for
Grade 3/4 adverse reactions. Resume ONIVYDE with reduced dose once
adverse reaction recovered to ≤Grade 1. Discontinue ONIVYDE in patients who
experience a severe hypersensitivity reaction and in patients with a confirmed
diagnosis of ILD.
Do not substitute ONIVYDE for other drugs containing irinotecan HCl.

References: 1. ONIVYDE® [package insert]. Basking Ridge, NJ. Ipsen Biopharmaceuticals, Inc.;
2017. 2. Referenced with permission from the NCCN Clinical Practice Guidelines in Oncology
(NCCN Guidelines®) for Pancreatic Adenocarcinoma V.3.2017. © National Comprehensive Cancer
Network, Inc. 2017. All rights reserved. Accessed November 2, 2017. To view the most recent and
complete version of the guideline, go online to NCCN.org. NATIONAL COMPREHENSIVE

CANCER NETWORK®, NCCN®, NCCN GUIDELINES®, and all other NCCN Content are
trademarks owned by the National Comprehensive Cancer Network, Inc. 3. Data on file #1. Basking
Ridge, NJ. Ipsen Biopharmaceuticals, Inc.; 2015. 4. Wang-Gillam A, Li C-P, Bodoky G, et al. Lancet.
2016;387:545-557.
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ONIVYDE® (irinotecan liposome injection) for intravenous use
Initial U.S. Approval: 1996

BRIEF SUMMARY: refer to full Prescribing Information for
complete product information.
1. INDICATIONS AND USAGE
ONIVYDE® is indicated, in combination with 5-FU/LV, for the treatment of
patients with metastatic adenocarcinoma of the pancreas after disease
progression following gemcitabine-based therapy.
Limitation of Use: ONIVYDE® is not indicated as a single agent for the
treatment of patients with metastatic adenocarcinoma of the pancreas
(see Clinical Studies, 14).
WARNING: SEVERE NEUTROPENIA and SEVERE DIARRHEA
Fatal neutropenic sepsis occurred in 0.8% of patients receiving
ONIVYDE®. Severe or life-threatening neutropenic fever or sepsis
occurred in 3% and severe or life-threatening neutropenia occurred in
20% of patients receiving ONIVYDE® in combination with fluorouracil (5FU) and leucovorin (LV). Withhold ONIVYDE® for absolute neutrophil
count below 1500/mm3 or neutropenic fever. Monitor blood cell counts
periodically during treatment. (see Dosing and Administration 2.2, 5.1)
Severe diarrhea occurred in 13% of patients receiving ONIVYDE®/5FU/LV. Do not administer ONIVYDE® to patients with bowel obstruction.
Withhold ONIVYDE® for diarrhea of Grade 2–4 severity. Administer
loperamide for late diarrhea of any severity. Administer atropine, if not
contraindicated, for early diarrhea of any severity. (see Dosing and
Administration 2.2, see Warnings and Precautions 5.2)

4 CONTRAINDICATIONS
ONIVYDE® is contraindicated in patients who have experienced a severe
hypersensitivity reaction to ONIVYDE® or irinotecan HCl.
5 WARNINGS AND PRECAUTIONS
5.1 Severe Neutropenia: ONIVYDE® can cause severe or life-threatening
neutropenia and fatal neutropenic sepsis. In Study 1, the incidence of
fatal neutropenic sepsis was 0.8% among patients receiving ONIVYDE®,
occurring in 1/117 patients in the ONIVYDE®/5-FU/LV arm and 1/147
patients receiving single-agent ONIVYDE®. Severe or life-threatening
neutropenia occurred in 20% of patients receiving ONIVYDE®/5-FU/LV
compared to 2% of patients receiving fluorouracil/leucovorin alone (5FU/LV). Grade 3/4 neutropenic fever/neutropenic sepsis occurred in 3%
of patients receiving ONIVYDE®/5-FU/LV, and did not occur in patients
receiving 5-FU/LV.
In patients receiving ONIVYDE®/5-FU/LV, the incidence of Grade 3/4
neutropenia was higher among Asian patients (18/33 [55%]) vs White
patients (13/73 [18%]). Neutropenic fever/neutropenic sepsis was
reported in 6% of Asian patients vs 1% of White patients (see Clinical
Pharmacology, 12.3).
Monitor complete blood cell counts on Days 1 and 8 of every cycle and
more frequently if clinically indicated. Withhold ONIVYDE® if the absolute
neutrophil count (ANC) is below 1500/mm3 or if neutropenic fever occurs.
Resume ONIVYDE® when the ANC is 1500/mm3 or above. Reduce
ONIVYDE® dose for Grade 3–4 neutropenia or neutropenic fever following
recovery in subsequent cycles (see Dosage and Administration, 2.2).
5.2 Severe Diarrhea: ONIVYDE® can cause severe and life-threatening
diarrhea. Do not administer ONIVYDE® to patients with bowel
obstruction.
Severe or life-threatening diarrhea followed one of two patterns: lateonset diarrhea (onset ˃24 hours following chemotherapy) and early-onset
diarrhea (onset ≤24 hours of chemotherapy, sometimes occurring with
other symptoms of cholinergic reaction) (see Cholinergic Reactions, 6.1).
An individual patient may experience both early- and late-onset diarrhea.
In Study 1, Grade 3 or 4 diarrhea occurred in 13% receiving ONIVYDE®/5FU/LV vs 4% receiving 5-FU/LV. The incidence of Grade 3 or 4 late-onset
diarrhea was 9% in patients receiving ONIVYDE®/5-FU/LV vs 4% in
patients receiving 5-FU/LV. The incidence of Grade 3 or 4 early-onset

diarrhea was 3% in patients receiving ONIVYDE®/5-FU/LV vs none in
patients receiving 5-FU/LV. Of patients receiving ONIVYDE®/5-FU/LV in
Study 1, 34% received loperamide for late-onset diarrhea and 26%
received atropine for early-onset diarrhea. Withhold ONIVYDE® for Grade
2–4 diarrhea. Initiate loperamide for late-onset diarrhea of any severity.
Administer IV or subcutaneous atropine 0.25–1 mg (unless clinically
contraindicated) for early-onset diarrhea of any severity. Following
recovery to Grade 1 diarrhea, resume ONIVYDE® at a reduced dose (see
Dosage and Administration, 2.2).
5.3 Interstitial Lung Disease (ILD): Irinotecan HCl can cause severe and
fatal ILD. Withhold ONIVYDE® in patients with new or progressive
dyspnea, cough, and fever, pending diagnostic evaluation. Discontinue
ONIVYDE® in patients with a confirmed diagnosis of ILD.
5.4 Severe Hypersensitivity Reaction: Irinotecan HCl can cause severe
hypersensitivity reactions, including anaphylactic reactions. Permanently
discontinue ONIVYDE® in patients who experience a severe
hypersensitivity reaction.
5.5 Embryo-Fetal Toxicity: Based on animal data with irinotecan HCl and
the mechanism of action of ONIVYDE®, ONIVYDE® can cause fetal harm
when administered to a pregnant woman. Embryotoxicity and
teratogenicity were observed following treatment with irinotecan HCl, at
doses resulting in irinotecan exposures lower than those achieved with
ONIVYDE® 70 mg/m2 in humans, administered to pregnant rats and
rabbits during organogenesis. Advise pregnant women of the potential
risk to a fetus. Advise females of reproductive potential to use effective
contraception during treatment with ONIVYDE® and for 1 month
following the final dose (see Use in Specific Populations, 8.1, 8.3; Clinical
Pharmacology, 12.1).
6 ADVERSE REACTIONS
The following adverse drug reactions are discussed in greater detail in
other sections of the label:
• Severe Neutropenia (see Warnings and Precautions, 5.1; Boxed
Warning)
• Severe Diarrhea (see Warnings and Precautions, 5.2; Boxed Warning)
• Interstitial Lung Disease (see Warnings and Precautions, 5.3)
• Severe Hypersensitivity Reactions (see Warnings and Precautions, 5.4)
6.1 Clinical Trials Experience
The safety data described below are derived from patients with
metastatic adenocarcinoma of the pancreas previously treated with
gemcitabine-based therapy who received any part of protocol-specified
therapy in Study 1, an international, randomized, active-controlled, openlabel trial. Protocol-specified therapy consisted of ONIVYDE® 70 mg/m2
with LV 400 mg/m2 and 5-FU 2400 mg/m2 over 46 hours every 2 weeks
(ONIVYDE®/5-FU/LV; n=117), ONIVYDE® 100 mg/m2 every 3 weeks
(n=147), or LV 200 mg/m2 and 5-FU 2000 mg/m2 over 24 hours weekly for
4 weeks followed by 2 week rest (5-FU/LV; n=134) (see Clinical Studies,
14). Serum bilirubin within the institutional normal range, albumin ≥3
g/dL, and Karnofsky Performance Status (KPS) ≥70 were required for
study entry. The median duration of exposure was 9 weeks in the
ONIVYDE®/5-FU/LV arm, 9 weeks in the ONIVYDE® monotherapy arm and
6 weeks in the 5-FU/LV arm.
The most common adverse reactions (≥20%) of ONIVYDE® were diarrhea,
fatigue/asthenia, vomiting, nausea, decreased appetite, stomatitis, and
pyrexia. The most common, severe laboratory abnormalities (≥10%,
Grade 3 or 4) were lymphopenia and neutropenia. The most common
serious adverse reactions (≥2%) of ONIVYDE® were diarrhea, vomiting,
neutropenic fever or neutropenic sepsis, nausea, pyrexia, sepsis,
dehydration, septic shock, pneumonia, acute renal failure, and
thrombocytopenia.
Adverse reactions led to permanent discontinuation of ONIVYDE® in 11%
of patients receiving ONIVYDE®/5-FU/LV; the most frequent adverse
reactions resulting in discontinuation of ONIVYDE® were diarrhea,
vomiting, and sepsis. Dose reductions of ONIVYDE® for adverse reactions
occurred in 33% of patients receiving ONIVYDE®/5-FU/LV; the most
frequent adverse reactions requiring dose reductions were neutropenia,
diarrhea, nausea, and anemia. ONIVYDE® was withheld or delayed for
adverse reactions in 62% of patients receiving ONIVYDE®/5-FU/LV; the
most frequent adverse reactions requiring interruption or delays were
neutropenia, diarrhea, fatigue, vomiting, and thrombocytopenia.

Table 2: Adverse Reactions with Higher Incidence (≥5% Difference for
Grades 1–4* or ≥2% Difference for Grades 3 and 4) in the ONIVYDE®/5FU/LV Arm
ONIVYDE®/55-FU/LV
FU/LV n=117
n=134
Adverse Reaction
Grades Grades Grades Grades
1–4 (%) 3–4 (%) 1–4 (%) 3–4 (%)
Gastrointestinal disorders
Diarrhea
59n=11713
26
4
Early diarrhea†
30
3
15
0
Late diarrhea‡
43
9
17
4
Vomiting
52
11
26
3
Nausea
51
8
34
4
Stomatitis§
32
4
12
1
Infections and infestations
38
17
15
10
Sepsis
4
3
2
1
Neutropenic fever/neutropenic
3
3
1
0
sepsis♠
Gastroenteritis
3
3
0
0
Intravenous catheter-related infection
3
3
0
0
General disorders and administration site conditions
Fatigue/asthenia
56
21
43
10
Pyrexia
23
2
11
1
Metabolism and nutrition disorders
Decreased appetite
44
4
32
2
Weight loss
17
2
7
0
Dehydration
8
4
7
2
Skin and subcutaneous tissue disorders
Alopecia
14
1
5
0
*NCI CTCAE v4.0.
†Early diarrhea: onset ≤24 hours of ONIVYDE® administration.
‡Late diarrhea: onset >1 day after ONIVYDE® administration.
§Includes stomatitis, aphthous stomatitis, mouth ulceration, mucosal
inflammation.
♠Includes febrile neutropenia.
Cholinergic Reactions: ONIVYDE® can cause cholinergic reactions
manifesting as rhinitis, increased salivation, flushing, bradycardia, miosis,
lacrimation, diaphoresis, and intestinal hyperperistalsis with abdominal
cramping and early-onset diarrhea. In Study 1, Grade 1 or 2 cholinergic
symptoms other than early diarrhea occurred in 12 (4.5%) ONIVYDE®treated patients. Six of these 12 patients received atropine and in 1 of the
6 patients, atropine was administered for cholinergic symptoms other
than diarrhea.
Infusion Reactions: Infusion reactions, consisting of rash, urticaria,
periorbital edema, or pruritus, occurring on the day of ONIVYDE®
administration, were reported in 3% of patients receiving ONIVYDE® or
ONIVYDE®/5-FU/LV.
The following laboratory abnormalities were reported (NCI CTCAE v4.0,
worst grade shown) with higher incidence (≥5% difference Grades 1–4
[any] or ≥5% difference Grades 3–4 [severe] according to NCI CTCAE
v4.0) for patients receiving ONIVYDE/5-FU/LV (n=117) vs 5-FU/LV
(n=134). Percentages were based on the number of patients with a
baseline and at least 1 post-baseline measurement. Hematology: anemia
(any 97%, 86%; severe 6%, 5%), lymphopenia (any 81%, 75%; severe 27%,
17%), neutropenia (any 52%, 6%; severe 20%, 2%), thrombocytopenia
(any 41%, 33%; severe 2%, 0%). Hepatic: increased alanine
aminotransferase (any 51%, 37%; severe 6%, 1%), hypoalbuminemia (any
43%, 30%; severe 2%, 0%). Metabolic: hypomagnesemia (any 35%, 21%;
severe 0%, 0%), hypokalemia (any 32%, 19%; severe 2%, 2%),
hypocalcemia (any 32%, 20%; severe 1%, 0%), hypophosphatemia (any
29%, 18%; severe 4%, 1%), hyponatremia (any 27%, 12%; severe 5%, 3%).
Renal: increased creatinine (any 18%, 13%; severe 0%, 0%).

7 DRUG INTERACTIONS
7.1 Strong CYP3A4 Inducers: Following administration of non-liposomal
irinotecan (ie, irinotecan HCl), exposure to irinotecan or its active
metabolite, SN-38, is substantially reduced in adult and pediatric patients
concomitantly receiving the CYP3A4 enzyme-inducing anticonvulsants
phenytoin and strong CYP3A4 inducers. Avoid the use of strong CYP3A4
inducers (eg, rifampin, phenytoin, carbamazepine, rifabutin, rifapentine,
phenobarbital, St. John's wort) if possible. Substitute non-enzyme
inducing therapies ≥2 weeks prior to initiation of ONIVYDE® therapy (see
Clinical Pharmacology, 12.3).
7.2 Strong CYP3A4 or UGT1A1 Inhibitors: Following administration of
non-liposomal irinotecan (ie, irinotecan HCl), patients receiving
concomitant ketoconazole, a CYP3A4 and UGT1A1 inhibitor, have
increased exposure to irinotecan and its active metabolite SN-38. Coadministration of ONIVYDE® with other inhibitors of CYP3A4 (eg,
clarithromycin, indinavir, itraconazole, lopinavir, nefazodone, nelfinavir,
ritonavir, saquinavir, telaprevir, voriconazole) or UGT1A1 (eg, atazanavir,
gemfibrozil, indinavir) may increase systemic exposure to irinotecan or
SN-38. Avoid the use of strong CYP3A4 or UGT1A1 inhibitors if possible.
Discontinue strong CYP3A4 inhibitors ≥1 week prior to starting ONIVYDE®
therapy (see Clinical Pharmacology, 12.3).
8 USE IN SPECIFIC POPULATIONS
8.1 Pregnancy, Risk Summary: Based on animal data with irinotecan HCl
and the mechanism of action of ONIVYDE®, ONIVYDE® can cause fetal
harm when administered to a pregnant woman (see Clinical
Pharmacology, 12.1). There are no available data in pregnant women.
Embryotoxicity and teratogenicity were observed following treatment
with irinotecan HCl, at doses resulting in irinotecan exposures lower than
those achieved with ONIVYDE® 70 mg/m2 in humans, administered to
pregnant rats and rabbits during organogenesis (see Data in the full
Prescribing Information). Advise pregnant women of the potential risk to
a fetus.
8.2 Lactation, Risk Summary: There is no information regarding the
presence of irinotecan liposome, irinotecan, or SN-38 (an active
metabolite of irinotecan) in human milk, or the effects on the breastfed
infant or on milk production. Irinotecan is present in rat milk (see Data in
the full Prescribing Information).
Because of the potential for serious adverse reactions in breastfed infants
from ONIVYDE®, advise a nursing woman not to breastfeed during
treatment with ONIVYDE® and for 1 month after the final dose.
8.3 Females and Males of Reproductive Potential, Contraception,
Females: ONIVYDE® can cause fetal harm when administered to a
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Shaping the Future
in Lung Cancer
by ANDREW D. SMITH

Rapid advancements are dramatically
changing the lung cancer treatment
landscape, creating challenges across
the spectrum of care. The upcoming
17th Annual Winter Lung Cancer
Conference® will take a practical
approach to many of the issues that
confront doctors and patients.
KEY ISSUES
Strategies for integrating the
powerful new drugs being introduced
for patients with lung cancer with
other modalities are emerging as
a major clinical imperative. The
latest advancements in molecularly
targeted therapies and the timing of
checkpoint immunotherapy—when to
start and when to stop—factor into
these considerations.
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TARGETED THERAPIES HAD YET to demonstrate significant efficacy against lung
cancer when Heather A. Wakelee, MD,
chose to specialize in thoracic oncology, and
checkpoint inhibitors were still years away
from introduction.
The year was 2001. Wakelee was an
oncology fellow at Stanford University in
California, and lung cancer was a risky
choice. The only treatment options for
metastatic disease were traditional chemotherapies, but Wakelee was hopeful that
lung cancer would prove druggable and that
she could play a significant role in bringing
those agents to patients.
“Shortly after I started, the EGFR discoveries were being made, and then ALK,
and then, after that, we finally got back
to immune therapies,” said Wakelee, who
first went to Stanford as an intern, became
a faculty member, and now specializes in
the treatment of lung cancer, thymoma,
and mesothelioma.
She is the faculty director of the
Stanford Cancer Clinical Trials office, lead
investigator for the ECOG-ACRIN cancer
research group at Stanford, and president-elect of the International Association

for the Study of Lung Cancer (IASLC).
“It’s been really exciting,” said Wakelee,
who also is a cochair of the 17th Annual
Winter Lung Cancer Conference ®, which
will take place February 7 to 9, 2020, in
Miami, Florida.
In an interview with OncologyLive ®,
Wakelee discussed her investigative focus,
major trends in the treatment of lung
cancer, and the upcoming conference. She
has been planning the event with cochairs
Rogerio C. Lilenbaum, MD, chief medical officer of Smilow Cancer Hospital at
Yale NewHaven Health, in New Haven,
Connecticut; Mark A. Socinski, MD, executive medical director of AdventHealth
Cancer Institute in Orlando, Florida; and
Julie R. Brahmer, MD, MSc, director of the
Thoracic Oncology Program and director of
the Sidney Kimmel Cancer Center at Johns
Hopkins Bayview in Baltimore, Maryland.

A DRIVING FORCE
Wakelee’s colleagues and collaborators suggest that she has been one of the
most important investigators behind the
lung cancer treatment revolution of the
past 2 decades.

Alissa Pagels-Minor
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“She has played a significant role in
bringing new treatment options to patients.
She led one of the first definitive trials to
test the idea that targeted therapies could
increase cure rates in early-stage disease.
That strategy has now been undertaken
by many other research groups,” said
Suresh S. Ramalingam, MD, a frequent
research collaborator who is deputy director of Winship Cancer Institute of Emory
University in Atlanta, Georgia. He called
Wakelee an ideal choice for helping to
design and lead the Winter Lung Cancer
Conference ® and bring oncologists up-todate on recent developments in care and
best practices.
The program will include presentations
on navigating increased options for immunotherapy-based regimens in metastatic
disease, use of molecular testing at diagnosis and following progression on targeted
therapies, selecting the best therapy for
oncogene-driven non–small cell lung cancer
(NSCLC), use of consolidation immunotherapy, and current surgical and radiation
oncology approaches.

TARGETED AGENTS
“The research on targeted agents in NSCLC
is moving very fast. It seems like we’re
hearing about another new targeted agent
every few months,” Wakelee said. Among
those that “everyone is talking about right
now,” she said, is the investigational KRAS
inhibitor AMG 510, for the treatment of
patients with KRAS G12C–mutated NSCLC.
The FDA granted fast-track designation
to AMG 510 in September 2019, shortly
after an oral presentation of updated data
from an ongoing phase I trial. The presentation included data on 23 evaluable patients
with KRAS G12C–mutant tumors who had
completed the first 6-week CT scan or
had early progressive disease. The objective response rate (ORR) was 48%, and the
disease control rate was 96%. Among the
13 patients who received the phase II
dose of 960 mg, 7 (54%) achieved a partial
response (PR) and 6 (46%) achieved
stable disease.1
A similar compound under development is MRTX849, which also targets KRAS
G12C. Reporting findings from a phase I/II
expansion cohort trial, Mirati Therapeutics

said that at the highest dose (600 mg, twice
daily), 3 of 5 evaluable patients with NSCLC
achieved a PR and the remaining patients
experienced stable disease.2 Across all dose
levels, 3 of 6 patients with NSCLC achieved
a PR. KRAS mutations are present in about
a quarter of all NSCLC adenocarcinomas,
and G12C mutations are present in more
than half of those cases.3
“KRAS is an important target both
because it’s a huge percentage of adenocarcinomas and because it’s been thought
to be fairly undruggable,” Wakelee said.
“We still are only seeing data on dozens of
patients as opposed to hundreds of patients,
and it’s not clear when we’re going to get
an approval, but because it’s the first step
in that direction, it’s likely going to be
relatively soon.”
Indeed, the FDA has moved quickly when
data have indicated efficacy against a lung
cancer mutation that had shown little or no
response to older medications. For example,
in August 2019, the agency granted accelerated approval to entrectinib (Rozlytrek)
for the treatment of adult and adolescent
patients who have no alternative effective
therapies for solid tumors that exhibit a
NTRK gene fusion.4
The indication was based on the results of
pooled data from 4 trials, which collectively
included 54 patients whose solid tumors
harbored NTRK gene fusions. The ORR was
57.4% and the median duration of response
(DOR) was 10.4 months.5
The entrectinib approval came less than
a year after the FDA granted accelerated
approval to larotrectinib (Vitrakvi) for adult
and pediatric patients with solid tumors
that have an NTRK gene fusion without a
known acquired resistance mutation, are
metastatic or cannot be resected without
severe morbidity, and have no satisfactory
alternative treatments or have progressed
following treatment.
Approval was based on data from 3
multicenter, open-label, single-arm clinical trials. Efficacy was evaluated in the
first 55 patients, including 12 under age 18
years, with unresectable or metastatic solid
tumors harboring an NTRK gene fusion.
ORR was 75%, including 22% complete
responses (CRs) and 53% PRs. Response
duration was 6 months or longer for 73%

Clinical Trials Sampler
Heather A. Wakelee, MD, has authored or
coauthored more than 200 medical articles on
lung cancer and other thoracic malignancies
and been involved in dozens of clinical trials
related to lung cancer therapy, diagnostics,
and population science. Below are some
standout trials.
Amrubicin
In a phase II trial of single-agent amrubicin in
patients with heavily pretreated T or TC, amrubicin
showed promise, meeting its prespecified end point
of ≥4 responders. Among the 33 patients treated,
the ORR was 18% (T, 29%; TC, 11%) and the DCR
was 91% (T, 100%; TC, 84%). Median DOR was
6.9 months in patients with T and 7.4 months in
patients with TC. Patient response to single-agent
amrubicin was competitive with that of any
prospective therapy at the time, investigators said.
Hellyer JA et al. Lung Cancer. 2019;137:71-75.
doi: 10.1016/j.lungcan.2019.09.015.

ECOG-ACRIN 1512
This phase II trial compared cabozantinib alone or
combined with erlotinib in patients with previously
treated EGFR wild-type advanced NSCLC. Median
PFS was 1.8 months with erlotinib alone versus
4.3 months with cabozantinib and 4.7 months with
erlotinib plus cabozantinib. A phase III trial is now
exploring cabozantinib. Wakelee served as a trial
cochair and third author. Neal JW et al. Lancet
Oncol. 2016;17(12):1661-1671. doi: 10.1016/
S1470-2045(16)30561-7.

E1505
This phase III trial is Wakelee’s largest to date,
enrolling 1501 patients. It evaluated the addition
of bevacizumab to adjuvant chemotherapy in
early-stage resected NSCLC. Wakelee developed
the protocol and was involved in all aspects of the
study, conducted through ECOG-ACRIN. Bevacizumab failed to produce an improvement in OS. Wakelee
HA et al. Lancet Oncol. 2017:18(12):1610-1623.
doi: 10.1016/S1470-2045(17)30691-5.

ALK inhibitor
A first-in-human phase I/II study to determine
dosage and safety of ensartinib yielded a response
rate of 60% and median PFS of 9.2 months in
patients with NSCLC, demonstrating the potency
of this second-generation ALK inhibitor. Wakelee
was senior investigator and remains involved in the
agent’s development. Horn L et al. Clin Cancer Res.
2018;24(12):2771-2779. doi: 10.1158/1078-0432.
CCR-17-2398.

Immunotherapy
In response to the need to improve survival for
patients with early-stage NSCLC, IMpower010, a
phase III trial, was initiated to compare atezolizumab
with best supportive care following adjuvant cisplatin-based chemotherapy in patients with resected
stage Ib-IIIa NSCLC. Wakelee serves on the steering
committee for this ongoing trial. Vallieres E et al.
J Thorac Oncol. 2016;11(suppl 11, abstr S304).
doi: 10.1016/j.jtho.2016.09.090.
DCR indicates disease control rate; DOR, duration of
response; NSCLC, non–small cell lung cancer; ORR, overall
response rate; OS, overall survival; PFS, progression-free
survival;Vol.
T, thymoma;
TC, thymic
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TA B L E . P H A S E I I I PAC I F I C T R I A L : K E Y F I N D I N G S ( N = 7 0 9 ) 1 1 , 1 2

Outcomes

Durvalumab
(n = 473)

Placebo
(n = 236)

N/A

N/A

2017 Findings
OSa
Median PFS

16.8 months

5.6 months

Median TTDM

23.2 months

14.6 months

Grade 3/4 AEs

29.9%

26.1%

Discontinuation due to AEs

15.4%

9.8%

OS

NR (34.7 months-NR)

28.7 months (22.9-NR)

Median PFS

17.2 months

5.6 months

Median TTDM

28.3 months

16.2 months

Grade 3/4 AEs

30.5%

26.1%

Discontinuation due to AEsb

15.4%

9.8%

2018 Findings

Clinical Significance
Durvalumab significantly improves PFS versus placebo without progression after chemoradiotherapy. This was the first
major advance in stage III unresectable NSCLC for many years.
AE indicates adverse event; N/A, not applicable; NR, not reached; NSCLC, non–small cell lung cancer; OS, overall survival; PFS, progresion-free survival; TTDM, time to death or distant metastasis.
a
Data were immature at time of analysis.
b
No new safety signals identified.

of patients, 9 months or longer for 63%, and
12 months or longer for 39%.6
Updated data from 2 of those trials
provided more information about larotrectinib’s performance in patients with lung
cancer. Of 7 evaluable patients with metastatic lung adenocarcinoma, there were
4 PRs and 1 CR, and 2 patients had stable
disease. Additionally, the median time to
response was 1.8 months, and the median
DOR was not reached.7
Patients whose cancer exhibits a ROS1
alteration also have at least 1 new option
that could beat the existing standard of
care. “Crizotinib [Xalkori], which was originally approved for ALK and MET, now
has an FDA indication for ROS1 gene alterations, but crizotinib has some challenges
with toxicity. It also doesn’t really get into
the brain very well, which is an issue with
ROS1-positive NSCLC, which frequently
metastasizes to the brain,” Wakelee said.
“And now we have a couple of newer drugs
that look like they may be significantly
better for ROS1-positive NSCLC.”
When the FDA approved entrectinib for
NTRK mutations, it also approved the drug
for the treatment of adult patients with
ROS1-positive metastatic NSCLC, again on
the strength of pooled trial data. Among
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the patients in the 4 entrectinib trials
with locally advanced or metastatic ROS1positive NSCLC, the ORR was 77.4%, median
DOR was 24.6 months, and intracranial
ORR was 55.0%.4
Another drug that could help patients
with ROS1-positive cancer is lorlatinib
(Lorbrena), which was cleared in late 2018
for patients with ALK-positive metastatic
NSCLC that has progressed on other ALK
inhibitors. Although the drug was not indicated for patients with ROS1 mutations,
early data suggest it may improve outcomes
for a significant percentage of patients.8
A phase I dose-escalation study of
lorlatinib included 12 patients with ROS1positive lung cancer, 7 of whom had
already received crizotinib.9 Objective
responses were seen in 6 patients (50%).
Progression-free survival (PFS) was 7
months. In the phase II study, 47 patients
with ROS1-positive disease were enrolled
into an expansion cohort and treated with
standard-dose lorlatinib. Among crizotinib-naïve patients, ORR was 61.5% and
the median PFS was 21 months. Even in the
crizotinib-refractory setting, where chemotherapy is the current standard of care,
the ORR was 26.5% and the median PFS
was 8.5 months.10

“Most of these individual mutations only
occur in a small percentage of lung cancers,
but when you add together all of the different targets we now have and you include
KRAS G12C, we are getting pretty close to
having a treatable mutation in the majority of
adenocarcinomas,” Wakelee said. “Anybody
diagnosed with lung adenocarcinoma absolutely should get next-generation sequencing,
something that identifies at least the top
15 genes where we actually have drugs.
Even if they’re still under clinical trial, most
patients are going to be able to get access, but
if they are not tested, they will never know
that other treatment options exist.”

ORGANIZATIONAL LEADER,
ACTIVE CLINICIAN
Wakelee has authored or coauthored more
than 200 articles, mentored dozens of
younger researchers, and built Stanford’s
thoracic oncology program into a national
powerhouse, yet she also finds time to treat
40 to 50 patients a week and fill leadership
roles with both the ECOG-ACRIN cancer
research group, for which she serves as
thoracic committee cochair, and IASLC.
“She is fantastic at bringing groups of
people together, particularly across country borders, and coordinating our efforts
to maximize progress in our battle against
lung cancer. She is exactly the sort of leader
to inspire this international association
of physicians and scientists,” said Joel W.
Neal, MD, PhD, a Stanford colleague who
said he respects Wakelee’s abilities as a
mentor and collaborator.
Wakelee grew up in a rural part of northern California. Her father was a banker,
and her mother was an elementary school
teacher, but Wakelee always knew she
wanted to become a doctor. “I was drawn
to oncology because the oncologists I met
during my training somehow just felt like
‘my people’ and because, unlike many
people, I found that I was able to have those
very hard conversations with patients
who were facing difficult diagnoses without them completely draining me of my
energy,” Wakelee said.
She noted that the rapid proliferation
of treatment options necessitates a different kind of talk that upsets many patients.
“A new diagnosis of cancer is scary, and

LUNG CANCER
most patients naturally want to start treatment yesterday,” Wakelee said. “Part of
our job as oncologists is being able to have
that communication to help them understand why we may need a little bit longer
[to do things like next-generation sequencing] to make sure we start with the right
treatment option.”

CHECKPOINT INHIBITORS
For patients with advanced cancers that
lack any targetable mutation, the right
treatment is typically immunotherapy,
but the FDA has approved a number of
checkpoint inhibitors for use with and
without chemotherapy, which affords
numerous options.
Frontline use of consolidative immunotherapy began shortly after the publication
of the phase III Pacific study results in
late 2017 (TABLE11,12). That study randomized 713 patients with unresectable stage
III NSCLC to either durvalumab or placebo
every 2 weeks for up to 12 months after definitive treatment with chemoradiation. Median
PFS from randomization was 16.8 months
with durvalumab versus 5.6 months with
placebo.11 Updated results released at the
2019 American Society of Clinical Oncology
Annual Meeting showed that, after a median
follow-up of 33.3 months, median OS had
yet to be reached in the durvalumab arm
versus 29.1 months in the placebo arm. The
36-month OS rate was 57.0% with durvalumab
versus 43.5% with placebo.13
“The PACIFIC study has been a major
practice changer, a really significant paradigm shift in treating a significant group
of patients,” Wakelee said. “A lot of the
other more recent updates have been variations on the theme.”
The IMpower150 trial found survival
benefits for another immunotherapy-chemotherapy combination (without radiation but
with bevacizumab [Avastin]). Median OS
among the patients in the wild-type population was longer among patients treated with
atezolizumab (Tecentriq)/bevacizumab/
carboplatin/paclitaxel than those treated
with bevacizumab/carboplatin/paclitaxel:
19.2 months versus 14.7 months (P = .016).
That same trial, which included more
than 100 patients with an EGFR or ALK
alteration, showed that patients who were

no longer benefiting from targeted therapy—or were experiencing intolerable
adverse effects while using it—could benefit from the combination of checkpoint
inhibitors, bevacizumab, and chemotherapy. Such patients who were treated with
the atezolizumab/bevacizumab/chemotherapy combination had longer median PFS
than those who received the bevacizumab/
chemotherapy regimen: 9.7 versus 6.1
months (HR, 0.59; 95% CI, 0.37-0.94).14
The past year also saw more data to
support the use of immunotherapy combinations in some patients and more data on
long-term survival among patients who
respond to checkpoint inhibitors.
Investigators published updated results of
the CheckMate 227 trial, which compared
chemotherapy with nivolumab (Opdivo) and
ipilimumab (Yervoy) in patients with stage
IV or recurrent NSCLC. Among the patients
with a PD-L1 expression level of 1% or more,
median OS was 17.1 months with nivolumab
plus ipilimumab and 14.9 months with
chemotherapy, and 2-year OS rates were
40.0% and 32.8%, respectively. Among
patients with a PD-L1 expression level of
less than 1%, median DOR was 17.2 months
with nivolumab plus ipilimumab and
12.2 months with chemotherapy.15
As for long-term survival, results of a
pooled analysis of 2 phase III trials showed
a 4-year OS rate of 14% for patients treated
with nivolumab compared with 5% for those
who got docetaxel. Among patients who had
a complete or partial response at 6 months,
58% of those treated with nivolumab were
alive 4 years later versus 12% of those
treated with docetaxel.16 A 5-year analysis
of pembrolizumab (Keytruda) monotherapy
found an OS rate of 23.2% in newly diagnosed patients with advanced or metastatic
NSCLC and 15.5% in previously treated
patients. These findings compared favorably with historical preimmunotherapy OS
rates of about 5%.17
“All the trial data and all the approvals
create a huge number of potential treatment
options for many patients, but the evidence
we have to date suggests that we should
begin by testing for targetable mutations
and PD-L1 levels. If a patient has targetable
mutations, we begin with targeted therapy.
If there are no targetable mutations and
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PD-L1 levels are high, we start with checkpoint inhibitor monotherapy. If there are
no targetable mutations and PD-L1 levels
are low, we give the checkpoint inhibitor in
combination with chemotherapy,” Wakelee
said. “If there are both high levels of
PD-L1 and targetable mutations, we ignore
the PD-L1 and start on targeted therapy
because we know that when someone has
EGFR or ALK or ROS1 mutations or others,
they are not likely to respond to a checkpoint inhibitor, even if their PD-L1 levels
are very high.”

EARLY DETECTION
Although new medications are extending lives for patients with advanced lung
cancer, the only current hope for curing
large numbers lies in earlier detection.
Results from the NELSON trial of lung
cancer screening indicate that regular CT
scans could reduce 10-year mortality in
high-risk patients by 26% in men patients
and 39% in women patients.
The study enrolled more than 15,000 people
in Belgium and the Netherlands who had
smoked more than 10 cigarettes a day for more
than 30 years or more than 15 cigarettes a day
for 25 years. Half of the participants got CT
scans at prespecified intervals, and the other
half served as controls. The lower mortality in the experimental arm stemmed from
early detection. About 50% of the cancers
Vol. 20 | No. 22 | NOVEMBER 2019

29

diagnosed in the screening arm were early
stage, and 65% to 70% were stages Ia to II. In
the control arm, about 70% of cancers were
stage III/IV at diagnosis.18 The results echoed
those of the National Lung Screening Trial,
which found that CT scans reduced lung
cancer deaths by 20% (P = .004) in 53,454
high-risk Americans.19
“Despite that very clear mortality benefit,
in the United States, [just] 4% of people who
would be eligible, based on who went on to
that study, actually get screened,” Wakelee
said. “Some private insurers are not paying,
even though it’s in all standard guidelines
now. A lot of primary care physicians are not
emphasizing it. And patients are not always
agreeing to do it; some use it as a justification to continue smoking if they get a clean
scan. We need to be getting primary care
doctors more aware of this…and smoking cessation counseling needs to be part of
the screening.”
The potential survival benefit of early
detection should continue to grow, both
because improved tests could catch more
early cancers in more asymptomatic
patients and improved treatments should
cure more early cancers.
The big hope on the screening side is the
development of liquid biopsies, blood tests
designed to find solid tumors. Dozens of
private companies and academic research
groups are working to develop such tools,
and several have begun early-stage testing. Data presented at the European Society
for Medical Oncology Congress 2019, for
example, showed that 1 test achieved a 76%
sensitivity and 99.4% specificity when looking for signs of prespecified high-mortality
cancer types in nearly 3600 blood samples.
The sensitivity was 32% for patients with
stage I cancer; 76%, stage II; 85%, stage III;
and 93%, stage IV.20
“We’re not yet at the point that such
tests are ready for clinical use, but it’s
likely going to be happening within a short
number of years. I don’t know if it’s going to
be less than 10. I think most likely within
10 that will be a more standard strategy,”
said Wakelee, who noted that other ongoing
research could make early detection particularly valuable.
“There are a lot of trials being done to test
the effects of giving immune checkpoint
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Part of our job as
oncologists is being able to
have that communication
to help [patients]
understand why we may
need a bit longer [to do
things like next-generation
sequencing] to make sure
we start with the right
treatment option.”

inhibitors either before surgery or after
surgery, alone or in combination with chemotherapy,” Wakelee said. “We have yet to see
the sort of survival details from those trials,
but we’re seeing some encouraging preliminary data from the neoadjuvant trials.”
For example, presurgical treatment with
nivolumab plus ipilimumab resulted in
an overall major pathological response
rate of 33% in patients with early-stage,
resectable NSCLC.21
The rapid and ongoing flow of new trial
data is incredibly exciting, Wakelee said, but
also creates a major challenge: conveying the
most important discoveries in such a way that
general oncologists can optimize care that
ordinary patients with lung cancer receive.
“In putting the Winter Lung Cancer
Conference ® together, the other organizers
and I looked for ways to optimize the experience by giving real expert perspective
on most of the hot topics in lung cancer,”
Wakelee said. “To use immunotherapy as an
example, we have a whole session focusing
on who should get it and when you should
give it to them and when you should stop
and when you should restart.
“We also make sure there’s a lot of interactive time, so that with each speaker,
with each panel, we make sure that there’s
a good amount of time for questions from
the audience. And we do have some also
case-based presentations to make it a bit
more real-world.”
Most of the conference panelists are
medical oncologists, but there will also
be surgeons and radiation oncologists.
Looking forward, Wakelee said she believes
that such speakers will become even more
common. “We are moving away from just
being medical oncologists,” she said. “We
already have people from other specialties
speaking each year, and I’d guess that trend
will only increase. A considerable amount
of the most exciting research in lung
cancer is testing treatment protocols that
combine medical oncology with surgery
and/or radiotherapy to achieve more durable remissions or, in the case of early-stage
cancers or even oligometastatic cancers,
outright cures.” n
For a full list of references,
see the article at
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Superior efficacy, proven across 2 tumor types1*
SECOND-LINE HCC

FIRST- AND SECOND-LINE aRCC

CABOMETYX® (cabozantinib) is
indicated for the treatment of patients
with hepatocellular carcinoma (HCC)
who have been previously treated
with sorafenib.

CABOMETYX® (cabozantinib) is
indicated for the treatment of
patients with advanced renal cell
carcinoma (RCC).

IMDC=International Metastatic Renal Cell Carcinoma Database Consortium;
MSKCC= Memorial Sloan Kettering Cancer Center.

*Vs sunitinib in 1L patients who had ≥1 IMDC risk factors, and vs
everolimus in 2L patients across all MSKCC risk groups who
had prior anti-angiogenic therapy.1

IMPORTANT SAFETY INFORMATION
WARNINGS AND PRECAUTIONS
Hemorrhage: Severe and fatal hemorrhages occurred with
CABOMETYX. The incidence of Grade 3 to 5 hemorrhagic events
was 5% in CABOMETYX patients. Discontinue CABOMETYX for
Grade 3 or 4 hemorrhage. Do not administer CABOMETYX to
patients who have a recent history of hemorrhage, including
hemoptysis, hematemesis, or melena.
Perforations and Fistulas: GastrointestinaI (GI) perforations,
including fatal cases, occurred in 1% of CABOMETYX patients.
Fistulas, including fatal cases, occurred in 1% of CABOMETYX
patients. Monitor patients for signs and symptoms of perforations
and fistulas, including abscess and sepsis. Discontinue CABOMETYX
in patients who experience a fistula that cannot be appropriately
managed or a GI perforation.

Thrombotic Events: CABOMETYX increased the risk of thrombotic
events. Venous thromboembolism occurred in 7% (including 4%
pulmonary embolism) and arterial thromboembolism in 2% of
CABOMETYX patients. Fatal thrombotic events occurred in
CABOMETYX patients. Discontinue CABOMETYX in patients who
develop an acute myocardial infarction or serious arterial or
venous thromboembolic event requiring medical intervention.

Please see additional Important Safety Information
and Brief Summary of the Prescribing Information
for CABOMETYX on adjacent pages.
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First and only TKI with proven, significant OS and
PFS in a broad, 2L+ HCC population1
PRIMARYENDPOINT:
ENDPOINT:OS
OS
(ITT)
PRIMARY
(ITT)

SECONDARY ENDPOINT:
MEDIAN PFS (ITT)1

1,2
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months
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CABOMETYX
HR=0.76 (95% CI: 0.63-0.92)
P=0.0049
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placebo (n=237)
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22

4

0
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237

117

57

25

15

7

3

0

56% reduction in risk

HR=0.44 (95% CI: 0.36-0.52)
P<0.0001

In a prespecified exploratory subgroup analysis of patients who received only 1 prior systemic therapy

CABOMETYX demonstrated a 3.7-month increase in median OS vs placebo2,3
SUBGROUP ANALYSIS: MEDIAN OS (SECOND LINE)2*

11.4
months

vs

CABOMETYX (n=335)

7.7

months
placebo (n=174)

26% reduction in risk

HR=0.74 (95% CI: 0.59-0.92)

*No statistical procedure was employed for controlling type I error. Results should be considered hypothesis generating.3
CI=confidence interval; HR=hazard ratio; ITT=intent to treat; OS=overall survival; PFS=progression-free survival; PPE=palmar-plantar
erythrodysesthesia; TKI=tyrosine kinase inhibitor.

IMPORTANT SAFETY INFORMATION (cont’d)
WARNINGS AND PRECAUTIONS
Hypertension and Hypertensive Crisis: CABOMETYX can
cause hypertension, including hypertensive crisis.
Hypertension occurred in 36% (17% Grade 3 and <1% Grade
4) of CABOMETYX patients. Do not initiate CABOMETYX in
patients with uncontrolled hypertension. Monitor blood
pressure regularly during CABOMETYX treatment. Withhold
CABOMETYX for hypertension that is not adequately controlled
with medical management; when controlled, resume at a
reduced dose. Discontinue CABOMETYX for severe
hypertension that cannot be controlled with anti-hypertensive
therapy or for hypertensive crisis.

© 2019 Exelixis, Inc.
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Diarrhea: Diarrhea occurred in 63% of CABOMETYX patients.
Grade 3 diarrhea occurred in 11% of CABOMETYX patients.
Withhold CABOMETYX until improvement to Grade 1 and
resume at a reduced dose for intolerable Grade 2 diarrhea,
Grade 3 diarrhea that cannot be managed with standard
antidiarrheal treatments, or Grade 4 diarrhea.
Palmar-Plantar Erythrodysesthesia (PPE): PPE occurred in
44% of CABOMETYX patients. Grade 3 PPE occurred in 13% of
CABOMETYX patients. Withhold CABOMETYX until improvement
to Grade 1 and resume at a reduced dose for intolerable Grade
2 PPE or Grade 3 PPE.
Proteinuria: Proteinuria occurred in 7% of CABOMETYX
patients. Monitor urine protein regularly during CABOMETYX
treatment. Discontinue CABOMETYX in patients who develop
nephrotic syndrome.

National Comprehensive Cancer Network® (NCCN®)
Cabozantinib (CABOMETYX) is RECOMMENDED
AS A CATEGORY 1, SUBSEQUENT-LINE TREATMENT FOR
HCC, following disease progression (Child-Pugh A)4†
†Data reflect use after sorafenib.
Category 1: Based upon high-level evidence, there is uniform NCCN consensus that the intervention is appropriate.
The National Comprehensive Cancer Network 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.

No new safety signals were observed with CABOMETYX in the CELESTIAL trial1
The safety profiles across 3 pivotal trials in aRCC and HCC have been generally consistent with
that of the initial CABOMETYX product approval
The most commonly reported (≥25%) adverse reactions for CABOMETYX are: diarrhea, fatigue,
decreased appetite, PPE, nausea, hypertension, and vomiting
CELESTIAL was a randomized (2:1), double-blind, phase 3 trial of CABOMETYX vs placebo in 707 patients with
Child-Pugh A HCC who had previously received sorafenib.1

IMPORTANT SAFETY INFORMATION (cont’d)
WARNINGS AND PRECAUTIONS
Osteonecrosis of the Jaw (ONJ): ONJ occurred in <1% of
CABOMETYX patients. ONJ can manifest as jaw pain,
osteomyelitis, osteitis, bone erosion, tooth or periodontal
infection, toothache, gingival ulceration or erosion, persistent
jaw pain, or slow healing of the mouth or jaw after dental
surgery. Perform an oral examination prior to CABOMETYX
initiation and periodically during treatment. Advise patients
regarding good oral hygiene practices. Withhold CABOMETYX for
at least 28 days prior to scheduled dental surgery or invasive
dental procedures. Withhold CABOMETYX for development of
ONJ until complete resolution.
Wound Complications: Wound complications were reported
with CABOMETYX. Stop CABOMETYX at least 28 days prior to
scheduled surgery. Resume CABOMETYX after surgery based
on clinical judgment of adequate wound healing. Withhold
CABOMETYX in patients with dehiscence or wound healing
complications requiring medical intervention.
Reversible Posterior Leukoencephalopathy Syndrome
(RPLS): RPLS, a syndrome of subcortical vasogenic edema
diagnosed by characteristic finding on MRI, can occur with
CABOMETYX. Evaluate for RPLS in patients presenting with
seizures, headache, visual disturbances, confusion, or altered
mental function. Discontinue CABOMETYX in patients who
develop RPLS.
Embryo-Fetal Toxicity: CABOMETYX can cause fetal harm.
Advise pregnant women and females of reproductive potential
of the potential risk to a fetus. Verify the pregnancy status of
females of reproductive potential prior to initiating CABOMETYX
and advise them to use effective contraception during treatment
and for 4 months after the last dose.

ADVERSE REACTIONS
The most commonly reported (≥25%) adverse reactions are:
diarrhea, fatigue, decreased appetite, PPE, nausea,
hypertension, and vomiting.
DRUG INTERACTIONS
Strong CYP3A4 Inhibitors: If coadministration with strong
CYP3A4 inhibitors cannot be avoided, reduce the CABOMETYX
dosage. Avoid grapefruit or grapefruit juice.
Strong CYP3A4 Inducers: If coadministration with strong
CYP3A4 inducers cannot be avoided, increase the CABOMETYX
dosage. Avoid St. John’s wort.
USE IN SPECIFIC POPULATIONS
Lactation: Advise women not to breastfeed during CABOMETYX
treatment and for 4 months after the final dose.
Hepatic Impairment: In patients with moderate hepatic
impairment, reduce the CABOMETYX dosage. CABOMETYX is not
recommended for use in patients with severe hepatic impairment.
References: 1. CABOMETYX® (cabozantinib) Prescribing Information. Exelixis, Inc, 2019.
2. Abou-Alfa GK, Meyer T, Cheng AL, et al. Cabozantinib in patients with advanced and progressing
hepatocellular carcinoma. New Eng J Med. 2018;379:54-63. doi:10.1056/NEJMoa1717002
[supplementary appendix]. 3. Abou-Alfa GK, Meyer T, Cheng AL, et al. Cabozantinib in patients
with advanced and progressing hepatocellular carcinoma. New Eng J Med. 2018;379:54-63.
doi:10.1056/NEJMoa1717002. 4. Referenced with permission from the NCCN Clinical Practice
Guidelines in Oncology (NCCN Guidelines®) for Hepatobiliary Cancers V.1.2019. ©National
Comprehensive Cancer Network, Inc. 2018. All rights reserved. Accessed December 19, 2018. To
view the most recent and complete version of the guideline, go online to NCCN.org.

Please see additional Important Safety Information and Brief Summary
of the Prescribing Information for CABOMETYX on adjacent pages.
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CABOMETYX® (cabozantinib) TABLETS
BRIEF SUMMARY OF PRESCRIBING INFORMATION.
PLEASE SEE THE CABOMETYX PACKAGE INSERT FOR
FULL PRESCRIBING INFORMATION.
INITIAL U.S. APPROVAL: 2012
1

INDICATIONS AND USAGE

1.1
Renal Cell Carcinoma
CABOMETYX is indicated for the treatment of patients with advanced renal cell
carcinoma (RCC).
1.2
Hepatocellular Carcinoma
CABOMETYX is indicated for the treatment of patients with hepatocellular carcinoma
(HCC) who have been previously treated with sorafenib.

4

CONTRAINDICATIONS

None.

5

WARNINGS AND PRECAUTIONS

5.1
Hemorrhage
Severe and fatal hemorrhages occurred with CABOMETYX. The incidence of Grade 3
to 5 hemorrhagic events was 5% in CABOMETYX-treated patients.
Discontinue CABOMETYX for Grade 3 or 4 hemorrhage. Do not administer
CABOMETYX to patients who have a recent history of hemorrhage, including
hemoptysis, hematemesis, or melena.
5.2
Perforations and Fistulas
Fistulas, including fatal cases, occurred in 1% of CABOMETYX-treated patients.
Gastrointestinal (GI) perforations, including fatal cases, occurred in 1% of
CABOMETYX-treated patients.
Monitor patients for signs and symptoms of fistulas and perforations, including
abscess and sepsis. Discontinue CABOMETYX in patients who experience a fistula
which cannot be appropriately managed or a GI perforation.
5.3
Thrombotic Events
CABOMETYX increased the risk of thrombotic events. Venous thromboembolism
occurred in 7% (including 4% pulmonary embolism) and arterial thromboembolism
occurred in 2% of CABOMETYX-treated patients. Fatal thrombotic events occurred
in CABOMETYX-treated patients.
Discontinue CABOMETYX in patients who develop an acute myocardial infarction or
serious arterial or venous thromboembolic events that require medical intervention.
5.4
Hypertension and Hypertensive Crisis
CABOMETYX can cause hypertension, including hypertensive crisis. Hypertension
was reported in 36% (17% Grade 3 and <1% Grade 4) of CABOMETYX-treated
patients.
Do not initiate CABOMETYX in patients with uncontrolled hypertension. Monitor
blood pressure regularly during CABOMETYX treatment. Withhold CABOMETYX for
hypertension that is not adequately controlled with medical management; when
controlled, resume CABOMETYX at a reduced dose. Discontinue CABOMETYX for
severe hypertension that cannot be controlled with anti-hypertensive therapy or
for hypertensive crisis.
5.5
Diarrhea
Diarrhea occurred in 63% of patients treated with CABOMETYX. Grade 3 diarrhea
occurred in 11% of patients treated with CABOMETYX.
Withhold CABOMETYX until improvement to Grade 1 and resume CABOMETYX at
a reduced dose for intolerable Grade 2 diarrhea, Grade 3 diarrhea that cannot be
managed with standard antidiarrheal treatments, or Grade 4 diarrhea.
5.6
Palmar-Plantar Erythrodysesthesia
Palmar-plantar erythrodysesthesia (PPE) occurred in 44% of patients treated with
CABOMETYX. Grade 3 PPE occurred in 13% of patients treated with CABOMETYX.
Withhold CABOMETYX until improvement to Grade 1 and resume CABOMETYX at a
reduced dose for intolerable Grade 2 PPE or Grade 3 PPE.
5.7
Proteinuria
Proteinuria was observed in 7% of patients receiving CABOMETYX. Monitor urine
protein regularly during CABOMETYX treatment. Discontinue CABOMETYX in patients
who develop nephrotic syndrome.
5.8
Osteonecrosis of the Jaw
Osteonecrosis of the jaw (ONJ) occurred in <1% of patients treated with
CABOMETYX. ONJ can manifest as jaw pain, osteomyelitis, osteitis, bone erosion,
tooth or periodontal infection, toothache, gingival ulceration or erosion, persistent
jaw pain or slow healing of the mouth or jaw after dental surgery. Perform an oral
examination prior to initiation of CABOMETYX and periodically during CABOMETYX.
Advise patients regarding good oral hygiene practices. Withhold CABOMETYX for at
least 28 days prior to scheduled dental surgery or invasive dental procedures, if
possible. Withhold CABOMETYX for development of ONJ until complete resolution.
5.9
Wound Complications
Wound complications have been reported with CABOMETYX. Stop CABOMETYX at
least 28 days prior to scheduled surgery. Resume CABOMETYX after surgery based
on clinical judgment of adequate wound healing. Withhold CABOMETYX in patients
with dehiscence or wound healing complications requiring medical intervention.
5.10
Reversible Posterior Leukoencephalopathy Syndrome
Reversible Posterior Leukoencephalopathy Syndrome (RPLS), a syndrome of
subcortical vasogenic edema diagnosed by characteristic finding on MRI, can
occur with CABOMETYX. Perform an evaluation for RPLS in any patient presenting
with seizures, headache, visual disturbances, confusion or altered mental function.
Discontinue CABOMETYX in patients who develop RPLS.
5.11
Embryo-Fetal Toxicity
Based on data from animal studies and its mechanism of action, CABOMETYX
can cause fetal harm when administered to a pregnant woman. Cabozantinib
administration to pregnant animals during organogenesis resulted in embryolethality
at exposures below those occurring clinically at the recommended dose, and
in increased incidences of skeletal variations in rats and visceral variations and
malformations in rabbits.
Advise pregnant women of the potential risk to a fetus. Advise females of
reproductive potential to use effective contraception during treatment with
CABOMETYX and for 4 months after the last dose.

6

ADVERSE REACTIONS

The following clinically significant adverse reactions are discussed above and in
the Warnings and Precautions section of the prescribing information: Hemorrhage,
Perforations and Fistulas, Thrombotic Events, Hypertension and Hypertensive Crisis,
Diarrhea, Palmar-plantar Erythrodysesthesia, Proteinuria, Osteonecrosis of the Jaw,
Wound Complications, Reversible Posterior Leukoencephalopathy Syndrome
6.1
Clinical Trial Experience
The data described in the WARNINGS AND PRECAUTIONS section below reflect
exposure to CABOMETYX as a single agent in 409 patients with RCC enrolled in
randomized, active-controlled trials (CABOSUN, METEOR) and 467 patients with HCC
enrolled in a randomized, placebo-controlled trial (CELESTIAL).
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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.
Renal Cell Carcinoma
METEOR
The safety of CABOMETYX was evaluated in METEOR, a randomized, open-label trial
in which 331 patients with advanced renal cell carcinoma received CABOMETYX
60 mg once daily and 322 patients received everolimus 10 mg once daily until
disease progression or unacceptable toxicity. Patients on both arms who had
disease progression could continue treatment at the discretion of the investigator.
The median duration of treatment was 7.6 months (range 0.3 – 20.5) for patients
receiving CABOMETYX and 4.4 months (range 0.21 – 18.9) for patients receiving
everolimus.
Adverse reactions which occurred in ≥ 25% of CABOMETYX-treated patients, in
order of decreasing frequency, were: diarrhea, fatigue, nausea, decreased appetite,
palmar-plantar erythrodysesthesia (PPE), hypertension, vomiting, weight decreased,
and constipation. Grade 3-4 adverse reactions and laboratory abnormalities
which occurred in ≥ 5% of patients were hypertension, diarrhea, fatigue, PPE,
hyponatremia, hypophosphatemia, hypomagnesemia, lymphopenia, anemia,
hypokalemia, and increased GGT.
The dose was reduced in 60% of patients receiving CABOMETYX and in 24%
of patients receiving everolimus. Twenty percent (20%) of patients received
CABOMETYX 20 mg once daily as their lowest dose. The most frequent adverse
reactions leading to dose reduction in patients treated with CABOMETYX were:
diarrhea, PPE, fatigue, and hypertension. Adverse reactions leading to dose
interruption occurred in 70% patients receiving CABOMETYX and in 59% patients
receiving everolimus. Adverse reactions led to study treatment discontinuation in
10% of patients receiving CABOMETYX and in 10% of patients receiving everolimus.
The most frequent adverse reactions leading to permanent discontinuation in
patients treated with CABOMETYX were decreased appetite (2%) and fatigue (1%).
Table 1.

Adverse Reactions Occurring in ≥ 10% Patients Who
Received CABOMETYX in METEOR

Adverse Reaction

CABOMETYX
(n=331) 1
All
Grade
Grades2
3-4

Everolimus
(n=322)
All
Grade
Grades2
3-4

Percentage (%) of Patients
Gastrointestinal
Diarrhea
Nausea
Vomiting
Stomatitis
Constipation
Abdominal pain 3
Dyspepsia
General
Fatigue
Mucosal inflammation
Asthenia
Metabolism and Nutrition
Decreased appetite
Skin and Subcutaneous Tissue
Palmar-plantar
erythrodysesthesia
Rash 4
Dry skin
Vascular
Hypertension 5
Investigations
Weight decreased
Nervous System
Dysgeusia
Headache
Dizziness
Endocrine
Hypothyroidism
Respiratory, Thoracic, and
Mediastinal
Dysphonia
Dyspnea
Cough
Blood and Lymphatic
Anemia
Musculoskeletal and Connective
Tissue
Pain in extremity
Muscle spasms
Arthralgia
Renal and Urinary
Proteinuria
1
2

3

4

5

74
50
32
22
25
23
12

11
4
2
2
<1
4
<1

28
28
14
24
19
13
5

2
<1
<1
2
<1
2
0

56
19
19

9
<1
4

47
23
16

7
3
2

46

3

34

<1

42

8

6

<1

23
11

<1
0

43
10

<1
0

39

16

8

3

31

2

12

0

24
11
11

0
<1
0

9
12
7

0
<1
0

21

0

<1

<1

20
19
18

<1
3
<1

4
29
33

0
4
<1

17

5

38

16

14
13
11

1
0
<1

8
5
14

<1
0
1

12

2

9

<1

One subject randomized to everolimus received cabozantinib.
National Cancer Institute (NCI) Common Terminology Criteria for Adverse
Events (CTCAE) Version 4.0
Includes the following terms: abdominal pain, abdominal pain upper, and
abdominal pain lower
Includes the following terms: rash, rash erythematous, rash follicular,
rash macular, rash papular, rash pustular, rash vesicular, genital rash,
intermittent leg rash, rash on scrotum and penis, rash maculo-papular,
rash pruritic, contact dermatitis, dermatitis acneiform
Includes the following terms hypertension, blood pressure increased,
hypertensive crisis, blood pressure fluctuation

Other clinically important adverse reactions (all grades) that were reported in
<10% of patients treated with CABOMETYX included: wound complications (2%),
convulsion (<1%), pancreatitis (<1%), osteonecrosis of the jaw (<1%), and hepatitis
cholestatic (<1%).

Table 2.

Laboratory Abnormalities Occurring in ≥ 25% Patients
Who Received CABOMETYX in METEOR

Laboratory Abnormality

CABOMETYX
Everolimus
(n=331)
(n=322)
All
Grade
All
Grade
Grades
3-4
Grades
3-4
Percentage (%) of Patients

Chemistry
Increased AST
74
3
40
<1
Increased ALT
68
3
32
<1
Increased creatinine
58
<1
71
0
Increased triglycerides
53
4
73
13
Hypophosphatemia
48
8
36
5
Hyperglycemia
37
2
59
8
Hypoalbuminemia
36
2
28
<1
Increased ALP
35
2
29
1
Hypomagnesemia
31
7
4
<1
Hyponatremia
30
8
26
6
Increased GGT
27
5
43
9
Hematology
Leukopenia
35
<1
31
<1
Neutropenia
31
2
17
<1
Anemia1
31
4
71
17
Lymphopenia
25
7
39
12
Thrombocytopenia
25
<1
27
<1
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; GGT, gamma glutamyl transferase.
NCI CTCAE, Version 4.0
1
Based on laboratory abnormalities
CABOSUN
The safety of CABOMETYX was evaluated in CABOSUN, a randomized, open-label
trial in patients with advanced renal cell carcinoma, in which 78 patients received
CABOMETYX 60 mg once daily and 72 patients received sunitinib 50 mg once
daily (4 weeks on treatment followed by 2 weeks off), until disease progression
or unacceptable toxicity. The median duration of treatment was 6.5 months (range
0.2 – 28.7) for patients receiving CABOMETYX and 3.1 months (range 0.2 – 25.5)
for patients receiving sunitinib.
Within 30 days of treatment, there were 4 deaths in patients treated with
CABOMETYX and 6 deaths in patients treated with sunitinib. Of the 4 patients treated
with CABOMETYX, 2 patients died due to gastrointestinal perforation, 1 patient had
acute renal failure, and 1 patient died due to clinical deterioration. All Grade 3-4
adverse reactions were collected in the entire safety population. The most frequent
Grade 3-4 adverse reactions (≥5%) in patients treated with CABOMETYX were
hypertension, diarrhea, hyponatremia, hypophosphatemia, PPE, fatigue, increased
ALT, decreased appetite, stomatitis, pain, hypotension, and syncope.
The median average daily dose was 50.3 mg for CABOMETYX and 44.7 mg for
sunitinib (excluding scheduled sunitinib non-dosing days). The dose was reduced
in 46% of patients receiving CABOMETYX and in 35% of patients receiving
sunitinib. The dose was held in 73% of patients receiving CABOMETYX and in
71% of patients receiving sunitinib. Based on patient disposition, 21% of patients
receiving CABOMETYX and 22% of patients receiving sunitinib discontinued due to
an adverse reaction.
Table 3.

Grade 3-4 Adverse Reactions Occurring in ≥ 1% Patients
Who Received CABOMETYX in CABOSUN

Adverse Reaction
Patients with any Grade 3-4 Adverse
Reaction
Gastrointestinal
Diarrhea
Stomatitis
Nausea
Vomiting
Constipation
General
Fatigue
Pain
Metabolism and Nutrition
Hyponatremia2
Hypophosphatemia2
Decreased appetite
Dehydration
Hypocalcemia2
Hypomagnesemia2
Hyperkalemia2
Skin and Subcutaneous Tissue
Palmar-plantar erythrodysesthesia
Skin ulcer
Vascular
Hypertension3
Hypotension
Angiopathy
Investigations
Increased ALT2
Weight decreased
Increased AST 2
Increased blood creatinine 2
Lymphopenia 2
Thrombocytopenia 2
Nervous System
Syncope
Respiratory, Thoracic, and Mediastinal
Dyspnea

CABOMETYX
Sunitinib
(n = 78)
(n = 72)
1
Grade 3-4
Grade 3-41
Percentage (%) of Patients
68

65

10
5
3
1
1

11
6
4
3
0

6
5

17
0

9
9
5
4
3
3
1

8
7
1
1
0
0
3

8
3

4
0

28
5
1

21
1
1

5
4
3
3
1
1

0
0
3
3
6
11

5

0

1

6
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Adverse Reaction

CABOMETYX
Sunitinib
(n = 78)
(n = 72)
1
Grade 3-4
Grade 3-41
Percentage (%) of Patients
1
0

Dysphonia
Blood and Lymphatic
Anemia
1
Psychiatric
Depression
4
Confusional state
1
Infections
Lung infection
4
Musculoskeletal and Connective Tissue
Back pain
4
Bone pain
3
Pain in extremity
3
Arthralgia
1
Renal and Urinary
Renal failure acute
4
Proteinuria
3
ALT, alanine aminotransferase; AST, aspartate aminotransferase
1
NCI CTCAE Version 4.0
2
Laboratory abnormalities are reported as adverse reactions
based on shifts in laboratory values
3
Includes the following term: hypertension

0
1

All
Grades

Grade
3-4

Increased LDH

84

9

29

2

Increased ALT

73

12

37

6

Increased AST

73

24

46

19

Hypoalbuminemia

51

1

32

1

Increased ALP

43

8

38

6

Hypophosphatemia

25

9

8

4

Hypokalemia

23

6

6

1

Hypomagnesemia

22

3

3

0

Increased amylase

16

2

9

2

Hypocalcemia

8

2

0

0

Decreased platelets

54

10

16

1

Neutropenia

43

7

8

1

Hematology

and not

CABOMETYX
Placebo
(n = 467)
(n = 237)
All
Grade
All
Grade
Grades2
3-4
Grades2
3-4
Percentage (%) of Patients

All
Grades

Percentage of Patients

0
1
0
0
1
1

Grade
3-4

Placebo
N=237

Chemistry

0

Gastrointestinal
Diarrhea
54
10
19
2
Nausea
31
2
18
2
Vomiting
26
<1
12
3
Stomatitis
13
2
2
0
Dyspepsia
10
0
3
0
General
Fatigue
45
10
30
4
Asthenia
22
7
8
2
Mucosal inflammation
14
2
2
<1
Metabolism and Nutrition
Decreased appetite
48
6
18
<1
Skin and Subcutaneous Tissue
Palmar-plantar
46
17
5
0
erythrodysesthesia
Rash3
21
2
9
<1
Vascular
Hypertension4
30
16
6
2
Investigations
Weight decreased
17
1
6
0
Nervous System
Dysgeusia
12
0
2
0
Endocrine
Hypothyroidism
8
<1
<1
0
Respiratory, Thoracic, and
Mediastinal
Dysphonia
19
1
2
0
Dyspnea
12
3
10
<1
Musculoskeletal and Connective
Tissue
Pain in extremity
9
<1
4
1
Muscle spasms
8
<1
2
0
1
Includes terms with a between-arm difference of ≥ 5% (all grades) or
≥ 2% (Grade 3-4)
2
NCI CTCAE Version 4.0
3
Includes the following terms: rash, rash erythematous, rash generalized,
rash macular, rash maculo-papular, rash papular, rash pruritic, rash
pustular, rash vesicular, dermatitis, dermatitis acneiform, dermatitis
contact, dermatitis diaper, dermatitis exfoliative, dermatitis infected
4
Includes the following terms: hypertension, blood pressure diastolic
increased, blood pressure increased
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CABOMETYX
N=467
Laboratory Abnormality

Adverse Reactions Occurring in ≥ 5% of CABOMETYXTreated Patients in CELESTIAL1

Adverse Reaction

Laboratory Abnormalities Occurring in ≥ 5% of
CABOMETYX-Treated Patients in CELESTIAL1

3

Hepatocellular Carcinoma
The safety of CABOMETYX was evaluated in CELESTIAL, a randomized, doubleblind, placebo-controlled trial in which 704 patients with advanced hepatocellular
carcinoma were randomized to receive CABOMETYX 60 mg orally once daily (n=467)
or placebo (n=237) until disease progression or unacceptable toxicity. The median
duration of treatment was 3.8 months (range 0.1 – 37.3) for patients receiving
CABOMETYX and 2.0 months (range 0.0 – 27.2) for patients receiving placebo. The
population exposed to CABOMETYX was 81% male, 56% White, and had a median
age of 64 years.
Adverse reactions occurring in ≥ 25% of CABOMETYX-treated patients, in order
of decreasing frequency were: diarrhea, decreased appetite, PPE, fatigue, nausea,
hypertension, and vomiting. Grade 3-4 adverse reactions which occurred in ≥ 5% of
patients were PPE, hypertension, fatigue, diarrhea, asthenia, and decreased appetite.
There were 6 adverse reactions leading to death in patients receiving CABOMETYX
(hepatic failure, hepatorenal syndrome, esophagobronchial fistula, portal vein
thrombosis, pulmonary embolism, upper gastrointestinal hemorrhage).
The median average daily dose was 35.8 mg for CABOMETYX. The dose was reduced
in 62% of patients receiving CABOMETYX; 33% of patients required a reduction
to 20 mg daily. The most frequent adverse reactions or laboratory abnormalities
leading to dose reduction of CABOMETYX were: PPE, diarrhea, fatigue, hypertension,
and increased AST. Adverse reactions leading to dose interruption occurred in
84% patients receiving CABOMETYX. Adverse reactions leading to permanent
discontinuation of CABOMETYX occurred in 16% of patients. The most frequent
adverse reactions leading to permanent discontinuation of CABOMETYX were PPE
(2%), fatigue (2%), decreased appetite (1%), diarrhea (1%), and nausea (1%).
Table 4.

Table 5.

Increased hemoglobin

8
0
1
0
1
Includes laboratory abnormalities with a between-arm difference of ≥ 5%
(all grades) or ≥ 2% (Grade 3 4)
ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; LDH, blood lactate dehydrogenase

7

DRUG INTERACTIONS

7.1
Effects of Other Drugs on CABOMETYX
Strong CYP3A4 Inhibitors
Coadministration of a cabozantinib capsule formulation with a strong CYP3A4
inhibitor increased the exposure of cabozantinib, which may increase the risk of
exposure-related adverse reactions. Avoid coadministration of CABOMETYX with
strong CYP3A4 inhibitors. Reduce the dosage of CABOMETYX if coadministration
with strong CYP3A4 inhibitors cannot be avoided. Avoid grapefruit or grapefruit juice
which may also increase exposure of cabozantinib.
Strong CYP3A Inducers
Coadministration of a cabozantinib capsule formulation with a strong CYP3A4
inducer decreased the exposure of cabozantinib, which may reduce efficacy. Avoid
coadministration of CABOMETYX with strong CYP3A4 inducers. Increase the dosage
of CABOMETYX if coadministration with strong CYP3A4 inducers cannot be avoided.
Avoid St. John’s wort which may also decrease exposure of cabozantinib.

8

USE IN SPECIFIC POPULATIONS

8.1
Pregnancy
Risk Summary
Based on findings from animal studies and its mechanism of action, CABOMETYX
can cause fetal harm when administered to a pregnant woman. There are no
available data in pregnant women to inform the drug-associated risk. In animal
developmental and reproductive toxicology studies administration of cabozantinib
to pregnant rats and rabbits during organogenesis resulted in embryofetal lethality
and structural anomalies at exposures that were below those occurring clinically
at the recommended 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 2-4% and 15-20%,
respectively.
Data
Animal Data
In an embryo-fetal development study in pregnant rats, daily oral administration
of cabozantinib throughout organogenesis caused increased embryo-fetal lethality
compared to controls at a dose of 0.03 mg/kg (approximately 0.12-fold of human
area under the curve [AUC] at the recommended dose). Findings included delayed
ossification and skeletal variations at a dose of 0.01 mg/kg/day (approximately
0.04-fold of human AUC at the recommended dose).
In pregnant rabbits, daily oral administration of cabozantinib throughout
organogenesis resulted in findings of visceral malformations and variations including
reduced spleen size and missing lung lobe at 3 mg/kg (approximately 1.1-fold of the
human AUC at the recommended dose).
In a pre- and postnatal study in rats, cabozantinib was administered orally from
gestation day 10 through postnatal day 20. Cabozantinib did not produce adverse
maternal toxicity or affect pregnancy, parturition or lactation of female rats, and did
not affect the survival, growth or postnatal development of the offspring at doses up
to 0.3 mg/kg/day (0.05-fold of the maximum recommended clinical dose).

similar to those seen in adult animals, occurred at both doses, and included the
kidney (nephropathy, glomerulonephritis), reproductive organs, gastrointestinal tract
(cystic dilatation and hyperplasia in Brunner’s gland and inflammation of duodenum;
and epithelial hyperplasia of colon and cecum), bone marrow (hypocellularity and
lymphoid depletion), and liver. Tooth abnormalities and whitening as well as effects
on bones including reduced bone mineral content and density, physeal hypertrophy,
and decreased cortical bone also occurred at all dose levels. Recovery was not
assessed at a dose of 2 mg/kg (approximately 0.32 times the clinical dose of 60 mg
based on body surface area) due to high levels of mortality. At the low dose level,
effects on bone parameters were partially resolved but effects on the kidney and
epididymis/testis persisted after treatment ceased.
8.5
Geriatric Use
In CABOSUN and METEOR, 41% of 409 patients treated with CABOMETYX were
age 65 years and older, and 8% were 75 years and older. In CELESTIAL, 49% of
467 patients treated with CABOMETYX were age 65 years and older, and 15% were
75 years and older.
No overall differences in safety or effectiveness were observed between these
patients and younger patients.
8.6
Hepatic Impairment
Increased exposure to cabozantinib has been observed in patients with moderate
(Child-Pugh B) hepatic impairment. Reduce the CABOMETYX dose in patients with
moderate hepatic impairment. Avoid CABOMETYX in patients with severe hepatic
impairment (Child-Pugh C), since it has not been studied in this population.
8.7
Renal Impairment
No dosage adjustment is recommended in patients with mild or moderate renal
impairment. There is no experience with CABOMETYX in patients with severe
renal impairment.

10

OVERDOSAGE

One case of overdosage was reported following administration of another
formulation of cabozantinib; a patient inadvertently took twice the intended dose
for 9 days. The patient suffered Grade 3 memory impairment, Grade 3 mental status
changes, Grade 3 cognitive disturbance, Grade 2 weight loss, and Grade 1 increase
in BUN. The extent of recovery was not documented.
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PATIENT COUNSELING INFORMATION

Advise the patient to read the FDA-approved patient labeling (Patient Information).
Hemorrhage: Instruct patients to contact their healthcare provider to seek immediate
medical attention for signs or symptoms of unusual severe bleeding or hemorrhage.
Perforations and fistulas: Advise patients that gastrointestinal disorders such as
diarrhea, nausea, vomiting, and constipation may develop during CABOMETYX
treatment and to seek immediate medical attention if they experience persistent or
severe abdominal pain because cases of gastrointestinal perforation and fistula have
been reported in patients taking CABOMETYX.
Thrombotic events: Venous and arterial thrombotic events have been reported.
Advise patients to report signs or symptoms of an arterial thrombosis. Venous
thromboembolic events including pulmonary embolus have been reported. Advise
patients to contact their health care provider if new onset of dyspnea, chest pain, or
localized limb edema occurs.
Hypertension: Inform patients of the signs and symptoms of hypertension. Advise
patients to undergo routine blood pressure monitoring and to contact their health
care provider if blood pressure is elevated or if they experience signs or symptoms
of hypertension.
Diarrhea: Advise patients to notify their healthcare provider at the first signs of poorly
formed or loose stool or an increased frequency of bowel movements.
Palmar-plantar erythrodysesthesia: Advise patients to contact their healthcare
provider for progressive or intolerable rash.
Wound healing: Advise patients to contact their healthcare provider before any
planned surgeries, including dental surgery.
Reversible posterior leukoencephalopathy syndrome: Advise patients to immediately
contact their health care provider for new onset or worsening neurological function.
Drug interactions: Advise patients to inform their healthcare provider of all
prescription or nonprescription medications, vitamins or herbal products. Inform
patients to avoid grapefruit, grapefruit juice, and St. John’s wort.
Embryo-fetal toxicity: Advise females of reproductive potential of the potential risk to
a fetus. Advise females to contact their healthcare provider if they become pregnant,
or if pregnancy is suspected, during treatment with CABOMETYX.
Females of reproductive potential: Advise females of reproductive potential to use
effective contraception during treatment with CABOMETYX and for 4 months after
the final dose of CABOMETYX.
Lactation: Advise women not to breastfeed during treatment with CABOMETYX and
for 4 months following the last dose.
Important administration information
• Instruct patients to take CABOMETYX at least 1 hour before or at least
2 hours after eating.

8.2
Lactation
Risk Summary
There is no information regarding the presence of cabozantinib or its metabolites in
human milk, or their effects on the breastfed child or milk production. Because of the
potential for serious adverse reactions in breastfed children, advise women not to
breastfeed during treatment with CABOMETYX and for 4 months after the final dose.
8.3
Females and Males of Reproductive Potential
Pregnancy Testing
Verify the pregnancy status of females of reproductive potential prior to initiating
CABOMETYX.
Contraception
CABOMETYX can cause fetal harm when administered to a pregnant woman.
Females
Advise females of reproductive potential to use effective contraception during
treatment with CABOMETYX and for 4 months after the final dose.
Infertility
Females and Males
Based on findings in animals, CABOMETYX may impair fertility in females and males
of reproductive potential.
8.4
Pediatric Use
The safety and effectiveness of CABOMETYX in pediatric patients have not been
established.
Juvenile Animal Toxicity Data
Juvenile rats were administered cabozantinib at doses of 1 or 2 mg/kg/day from
Postnatal Day 12 (comparable to less than 2 years in humans) through Postnatal
Day 35 or 70. Mortalities occurred at doses ≥1 mg/kg/day (approximately 0.16
times the clinical dose of 60 mg/day based on body surface area). Hypoactivity
was observed at both doses tested on Postnatal Day 22. Targets were generally

This brief summary is based on the CABOMETYX Prescribing Information
Revision 01/2019
Distributed by Exelixis, Inc. Alameda, CA 94502
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aren’t responding well or as an anthracycline-sparing agent.” She expects the
BrighTNess and KEYNOTE-522 trials to
shed light on the long-term outcomes of
platinum-based chemotherapy combined
with other therapies (TABLE 1).1-3
PARP inhibitors are demonstrating good
responses in patients who are not platinum resistant, although “these responses
are not as durable as we’d like,” Rugo said.
Whether a PARP inhibitor can deliver an
equivalent clinical benefit to carboplatin,
thereby offering patients less toxicity, is an
unanswered question. Investigators need
to evaluate PARP inhibitors in the neoadjuvant and adjuvant settings and in patients
with a broader range of mutations than
BRCA defects, she said.
Only 1 ADC is currently approved
for breast cancer (trastuzumab emtansine [T-DM1; Kadcyla]), but several more
are in development (TABLE 2, page 383).
These include sacituzumab govitecan, a
novel Trop-2–directed ADC; trial results
have been good, with no life-threatening
toxicities reported, Rugo said. [Fam-]trastuzumab deruxtecan (DS-8201a), which
targets HER2, ladiratuzumab vedotin,

which is directed at the LIV-1 zinc transporter, and U3-1402, a novel anti-HER3
ADC, are others. “HER3 is overexpressed
in a lot of estrogen receptor–positive breast
cancers and a modest number of TNBCs, so
we’ll be seeing more trials with this ADC in
the future,” Rugo said.
In an interview with OncologyLive ®, Rugo
expanded on these themes.

Q:

Could you discuss the latest
advancements and research in
treatments for patients with TNBC?
Immunotherapies are a critical component
of new treatment options for TNBC. With
PARP inhibitors now approved, there’s a lot
of interest in expanding the reach of PARP
inhibitors beyond patients with germline
BRCA mutations and also improving the
response in patients with BRCA mutations.
The OlympiA adjuvant trial [of olaparib (Lynparza) in BRCA-mutated stage II/
III breast cancer in the adjuvant setting]
completed accrual this year, so we will be
looking for that.
There [are] really intriguing data in
the neoadjuvant setting with single-agent
talazoparib [Talzenna] in patients with
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A ROBUST PIPELINE OF
promising investigational
therapies holds promise
for improved treatment
of triple-negative breast
cancer (TNBC), but a challenge lies in applying
HOPE S.
these in earlier settings,
RUGO, MD, FASCO
said Hope S. Rugo, MD,
FASCO, at the 2019 Lynn Sage Breast
Cancer Symposium.
“Moving treatment to the early-stage
setting is critical because we clearly
acquire mutations with treatment,” said
Rugo, professor of medicine and director of Breast Oncology and Clinical Trials
Education at the University of California,
San Francisco Helen Diller Family
Comprehensive Cancer Center. “We may
lose out on some great drugs based on doing
our studies in the late-line setting.”
In a wide-ranging presentation, Rugo
discussed ways to lower toxicity of treatment through agent substitution and
novel PARP inhibitors and antibody-drug
conjugates (ADCs). Platinum-based regimens are high in toxicity; therefore, Rugo
adds platinum sparingly for “patients who
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germline BRCA mutations, and a phase II
trial is now going on with high pCR [pathological complete response] rates with
talazoparib alone.4 OlympiA, of course, is
looking at adjuvant olaparib in patients
with germline BRCA mutations, which is a
much larger trial. It is really exciting to see
that complete accrual now.
Combining PARP inhibitors with chemotherapy was presented at [the European
Society for Medical Oncology meeting] this
year, showing improvement in progression-free survival [PFS] in the second
progression after randomization with the
addition of the fairly less potent PARP inhibitor veliparib to carboplatin and paclitaxel. I
think the reason they could add it was that it
doesn’t cause as much bone marrow toxicity.
There was a marked increase in the rate of
grade 3 thrombocytopenia with the addition
of veliparib, but otherwise, the toxicities were
relatively similar.
What happens in terms of long-term
data will really determine how we use
that combination, but what’s intriguing to
me is the concept of getting an induction
with chemotherapy plus or minus a checkpoint inhibitor, then maybe using the PARP
inhibitor combined with immunotherapy
as maintenance. This is actually similar to
what’s being done in ovarian cancer, and
there are very interesting data from the
laboratory suggesting that the combination
of PARP inhibitors and checkpoint inhibitors will enhance the efficacy of checkpoint
inhibitors. PARP inhibitors increase the
immune responsiveness of the tumor microenvironment by a variety of mechanisms.
There are a number of studies going on
looking at those combinations, as well, with
some early encouraging data.
The other areas of discussion are about

using platinum or not. Now that there [are
data from the] KEYNOTE-522 trial showing a marked improvement in pCR with
the addition of pembrolizumab to standard
neoadjuvant chemotherapy, the question
is: What is standard? They chose a standard regimen that included platinum in
the paclitaxel part of the treatment. We’ve
seen increased pCR with the platinum,
but no convincing data have [emerged for]
event-free survival [EFS] or disease-free
survival [DFS].

Moving treatment to
the early-stage setting
is critical because we
clearly acquire mutations
with treatment.”
—HOPE S. RUGO, MD, FASCO

The KEYNOTE-522 trial is powered to look
at that, but investigators didn’t randomize to platinum or not. The trial that I really
think is going to help us with that is the
BrighTNess trial, which randomized patients
to receive paclitaxel AUC 6 [area under the
curve 6 mg/mL]; paclitaxel-carboplatin AUC
6; or paclitaxel-carboplatin plus veliparib.
The addition of veliparib did not improve
pCR rates, but carboplatin did. That’s a
trial that is powered to look at EFS or DFS.
Obviously, we have to take into account what
treatment [patients] might get after surgery
that might impact that evaluation.

There are some other trials also looking at
the role of platinum as postneoadjuvant therapy. The [ECOG] trial is looking at platinum
versus capecitabine as opposed to neoadjuvant therapy, and then there is an NRG
Oncology adjuvant trial, which is a simple
[adriamycin and cyclophosphamide] taxane
with or without carboplatin. It will be interesting to see 2 things. One is [whether] the
KEYNOTE-522 trial influences the use of
platinum, not just pembrolizumab, which
I’m guessing it will even though that was
just a choice of a regimen. Also, [we will see]
how this impacts the trials that are ongoing where we are looking to have more data
about the use of platinum.

Q:

What data have we seen for
ADCs in this space?

There are a number now that are being studied. These are antibodies targeting a novel
antigen on the tumor. The Trop-2 ADC sacituzumab govitecan uses a novel toxin, a
metabolite of irinotecan called SN-38, and
has shown very nice response rates of about
33% in heavily pretreated patients with
TNBC. It has also shown some responses in
some hormone receptor–positive disease.
The phase III ASCEND trial in heavily pretreated patients with TNBC, which
randomized [patients to either] sacituzumab
govitecan or chemotherapy of physician’s
choice, has just completed accrual, and we
are hoping for results next year. We are also
hoping to potentially see at least an accelerated approval of sacituzumab govitecan early
next year. Another ADC is ladiratuzumab
vedotin [SGN-LIV1A], which is [directed]
against LIV-1, and that trial is earlier in its
developmental life cycle. There are some
interesting and intriguing data in combination with immunotherapy, as well, so

TA B L E 1 . K E Y T R I A L S E X P L O R I N G N E O A D J U VA N T P L AT I N U M C O M B I N AT I O N S I N T N B C 1 - 3

Enrollment

Arms

Recently Reported Outcomes

Adverse Events

Paclitaxel vs paclitaxel + carboplatin vs paclitaxel
+ carboplatin and veliparib

pCR: 31% vs 58% vs 53% (P <.0001)

Grade 3/4 TEAEs: 71% vs 68% vs15%

Pembrolizumab + platinum-based chemotherapy
vs placebo + platinum-based chemotherapy

pCR at 15.5 months’ follow-up:
64.8% vs 51.2% (P = .00055)

BrighTNess (N = 634)
Untreated stage II/III TNBC who were candidates for potentially curative surgery

Serious AEs: 9% vs 10% vs 3%

KEYNOTE-522 (n = 602 evaluable)
Untreated, nonmetastatic TNBC

Grade 3-5 TRAEs: 76.8% vs 72.2%

EFS: 91.3% vs 85.3%
EFS indicates event-free survival; pCR, pathological complete response; TEAEs, treatment-emergent adverse events; TNBC, triple-negative breast cancer; TREAs, treatment-related adverse events.
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Drug

Mechanism of Action

Sacituzumab govitecan

Binds to Trop-2, ensuring an active concentration of SN-38 is maintained

[Fam-]trastuzumab deruxtecan (DS-8201a)

Targets HER2 with topoisomerase I inhibitor exatecan derivative

Ladiratuzumab vedotin (SGN-LIV1A)

Targets the LIV-1 zinc transporter

U3-1402

Binds to HER3, inhibiting topoisomerase I activity by stabilizing the complex
between topoisomerase I and DNA

we will see where that goes. [SGN-LIV1A]
has monomethyl auristatin E, an auristatin
analogue that is the toxin.
There are 2 other ADCs, and one of them
is a HER2-targeted drug, [fam-]trastuzumab
deruxtecan [DS-8201]. That agent appears to
have a bystander effect, where the tumors
nearby get killed. They saw efficacy in
patients with HER2-low and HER2-positive
disease. That is now being tested in the
randomized phase III DESTINY trial. There
was no amplification by [fluorescence in
situ hybridization] versus chemotherapy
of physician’s choice, and this anti-HER2
ADC appears to be highly effective. Its
major toxicity has been interstitial lung
disease that appears to be able to be caught
early and controlled without progression to
life-threatening toxicity with the current
dose and current monitoring.
There’s also a HER3 ADC. These HER3
ADCs utilize a biosimilar for trastuzumab.
The toxin is an exatecan derivative that
has metabolized in the cancer cell. The
HER3 antibodies are intriguing because
they use an antibody to HER3 and the
same toxin. They’ve also seen some very
good activity in patients who have HER3expressing breast cancer, which appears
to be quite common. There are plans
for the next generation of trials with
that HER3 ADC also.

Q:

Are there any other agents in
development for the treatment
of patients with TNBC?
Small molecules that target AKT are being
tested: ipatasertib and pimasertib. There
is also the MEK inhibitor cobimetinib
[Cotellic] and others. Mostly, I think we are
moving toward testing patients who have a
defect in the pathway that is being targeted.
For AKT, that’s the PI3K pathway.
However, there are some small data that
showed that when you combine an AKT
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inhibitor with paclitaxel and add in a checkpoint inhibitor, atezolizumab [Tecentriq] in
this case, you would see responses regardless of whether there were PTEN, PI3K,
and AKT alterations. That’s quite intriguing and will be studied in the next phase III
study with ipatasertib and atezolizumab, as
well as paclitaxel.
There are a number of trials we will be
seeing with AKT inhibitors, particularly
phase III studies of patients with alterations
in the pathway or not. These patients will
be randomized to paclitaxel with placebo or
the AKT inhibitor. Now, the next generation
involves the addition of a checkpoint inhibitor. The same is being done with the MEK
inhibitor. Although the trials are early,
there are some interesting data in combination with a checkpoint inhibitor, which
will be pursued further. I think the effect of
checkpoint inhibitors may be enhanced.

Q:

Do you have any final comments
on the evolving treatment
landscape for TNBC?
Immunotherapy is very exciting. We
saw this marked improvement in pCR in
KEYNOTE-522 by adding pembrolizumab
to standard neoadjuvant chemotherapy
for TNBC. The unique aspect of this trial
is that it’s powered for pCR as well as EFS
in 1200 patients. What they showed was
a significant improvement in pCR, going
up to ranges higher than what we’ve seen
with the addition of platinum. That’s really
encouraging—in the 64% to 65% range.
The toxicity was quite manageable, so
that’s good as well. There’s a suggestion
of fewer adverse events in the pembrolizumab-treated arm in the EFS, but it’s way
too early to say.
There is also another trial that was
presented at [the European Society for
Medical Oncology meeting] that looked at
pembrolizumab versus chemotherapy of

physician’s choice. We already had a press
release saying it wasn’t superior, which is
what it was powered on, but it was equivalent in toxicity. Toxicity was less with the
checkpoint inhibitor than with chemotherapy, so that is interesting. They looked at
PFS in patients who had different combined
positive scores [CPSs], which is a measure
of the PD-L1 expression using a scoring
system that is much more positive than the
scoring system used for atezolizumab. It’s
called PD-L1 IHC 22C3 pharmDx, and it
scores several kinds of cell types. It does
this by adding them and dividing by 100,
then dividing them by the number of tumor
cells, and then multiplying by 100. They
said their end points were looking at 0 and
a CPS of between 1 and 10, but then they
looked at the subset who had a CPS of 20,
which wasn’t a predetermined end point, so
it’s exploratory, and it was a much smaller
number of patients. They saw a big separation in the curves favoring pembrolizumab,
so this will be pursued further. I think it’s
really intriguing.
There’s also a lot interest in PARP inhibitors, as I mentioned, looking at homologous
recombination defect type testing to see
whether that can help determine the benefit
of combining a PARP inhibitor with immunotherapy, but these are all approaches
for the future. n
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Neoadjuvant Endocrine Therapy Offers Versatility on Several Fronts
by DARCY LEWIS

IN BREAST CANCER,
neoadjuvant endocrine
therapy (NET) shows
promise in a variety of
areas, including as an
excellent testing platform,
Ingrid A. Mayer, MD,
INGRID A.
MSCI, said in a presentaMAYER, MD, MSCI
tion during the 2019 Lynn
Sage Breast Cancer Symposium.1
NET lets clinicians determine resistance
mechanisms to endocrine therapy with
or without targeted agents. It allows for
development of novel combinations of endocrine therapy with targeted agents, helps
prioritize certain arms in adjuvant and
metastatic phase III trials, and is useful in
validating biomarkers, she said.
Mayer, the Ingram Professor of Cancer
Research and coleader of the Breast Cancer
Program at Vanderbilt-Ingram Cancer
Center, provided an overview of current
uses for NET. The therapy traditionally
has been considered appropriate for elderly
or frail patients or those with a short life
expectancy who either cannot have or
should not delay surgery. NET also is
effective in luminal A–like cancers,
including lobular cancers and hormone
receptor (HR)–positive cancers with low
Ki67, a nuclear protein being associated with cellular proliferation, and high
expression of estrogen receptors (ERs) and
progesterone receptors.
However, clinicians should be using
NET in a variety of additional clinical and
mechanistic ways, according to Mayer.
Clinically, these therapies may help
reduce tumor size preoperatively, which
can lead to improved surgical outcomes,
she said. Additionally, when given for an
extended duration, they may increase the
number of patients who achieve a pathological complete response (pCR). “Clinical
trials with short duration of neoadjuvant
endocrine therapy may have underestimated the true potential of pCR as an end
point,” she said.
Another use of neoadjuvant endocrine
therapy involves interrogating biomarkers

of response and mechanisms of resistance
in posttreatment residual cancer, which
can lead to the development of new treatments for endocrine therapy–resistant
disease, Mayer said.
For example, whole-genome analysis can inform whether a patient with
HR-positive breast cancer will respond
to aromatase inhibition. “MAPK pathway
alterations are good prognostic features
and TP53 mutations are bad prognostic
features,” she noted.
In a study that examined whole-exome/
RNA sequencing in HR-positive breast
cancer and response to aromatase inhibition, ESR1 fusion transcripts were
associated with resistance to estrogen
therapy and CCND1 and FGFR1 amplification were associated with resistance to
estrogen deprivation. 2
NET may also be instrumental in identifying patients with HR-positive disease
who can safely forgo adjuvant chemotherapy, thanks to Ki67 status and
genomic signatures. Preoperative endocrine prognostic index (PEPI) scores,
which use surgical tumor characteristics following NET to predict outcomes in
patients with HR-positive breast cancer,
may indicate which patients can safely
omit chemotherapy.
In Mayer’s opinion, genomic signatures
may work just as well in the neoadjuvant
setting, but more validation is needed.
“However, PEPI score and Ki67 assessment
at 2 weeks are clinically validated end
points that could be ready for day-to-day
practice,” she said, noting some caveats:
“The analytical validation and standardization of Ki67 interpretation must be
achieved, and intratumoral heterogeneity must be accounted for. And drugs that
cause apoptosis versus proliferation arrest
need to be accounted for, as well.”
Neoadjuvant endocrine therapies may
provide insight into the biologic basis of
the efficacy of both ER- and non-ER–targeting agents, Mayer said. “Ki67 at 2 weeks
consistently predicts long-term outcomes of
endocrine therapy with targeted therapy in

both the adjuvant and metastatic setting,”
she said. “We have the opportunity to use
neoadjuvant endocrine therapy as a much
more abbreviated testing ground for novel
endocrine/targeted therapy combinations
and to pick the winners and tease out the
losers to move forward to large phase III
trials in the adjuvant or metastatic setting.”
For example, Ki67 was used in the
phase II neoMONARCH trial, which looked
at neoadjuvant therapy with the CDK4/6
inhibitor abemaciclib (Verzenio) plus
anastrozole in patients with HR-positive/
HER2-negative early-stage breast cancer.
Results showed that the combination
induced complete cell cycle arrest, which
was the study’s primary end point, as
measured by Ki67 for 67.8% of patients. 3
For those treated with abemaciclib
alone, cell cycle arrest was achieved for
57.7% of patients; for those who received
anastrozole alone, 14.3% experienced
cell cycle arrest.
Finally, Mayer presented the audience
with a schema with multidirectional flow
that showed her ideal clinical deployment of NET. For example, at diagnosis of
HR-positive/HER2-negative stage I to III
breast cancer, the workup should include
Ki67 and genomic signatures. These tests
should be repeated 2 weeks into the first
therapy cycle to predict outcomes in the
adjuvant or metastatic setting and inform
more relevant clinical trial design.
At both initial diagnosis and the 2-week
mark, Ki67 can also identify patients who
may or may not benefit from adjuvant
chemotherapy. A 6-month course of NET
would be given either alone or in conjunction with a targeted agent. Other agents
may be needed, as well, if Ki67 is greater
than a 10% concentration.
After the 6-month course, interpretation
of the PEPI score, recurrence score, and
genomic signatures can lead to biomarker
validation and discovery of mechanisms of
drug resistance. n
For a full list of references,
see the article at

/link/6710.
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IMBRUVICA® (ibrutinib):
#1 PRESCRIBED THERAPY IN
FRONTLINE* AND PREVIOUSLY
TREATED CLL1†

*Based on market share data from IMS from November 2016 to February 2018.
†Based on market share data from IMS from July 2014 to February 2018.

CLL
SLL

IMBRUVICA® (ibrutinib) is a kinase inhibitor indicated for the treatment of adult patients with:
• Chronic lymphocytic leukemia (CLL)/Small lymphocytic lymphoma (SLL)2
• CLL/SLL with 17p deletion2

IMPORTANT SAFETY INFORMATION
WARNINGS AND PRECAUTIONS
Hemorrhage: Fatal bleeding events have occurred in patients treated with
IMBRUVICA®. Grade 3 or higher bleeding events (intracranial hemorrhage
[including subdural hematoma], gastrointestinal bleeding, hematuria, and
post procedural hemorrhage) have occurred in 3% of patients, with fatalities
occurring in 0.3% of 1,124 patients exposed to IMBRUVICA® in clinical trials.
Bleeding events of any grade, including bruising and petechiae, occurred in
44% of patients treated with IMBRUVICA®.
The mechanism for the bleeding events is not well understood.
IMBRUVICA® may increase the risk of hemorrhage in patients receiving
antiplatelet or anticoagulant therapies and patients should be monitored for
signs of bleeding.
Consider the benefit-risk of withholding IMBRUVICA® for at least 3 to 7 days
pre- and post-surgery depending upon the type of surgery and the risk of
bleeding.
Infections: Fatal and non-fatal infections (including bacterial, viral, or fungal)
have occurred with IMBRUVICA® therapy. Grade 3 or greater infections
occurred in 24% of 1,124 patients exposed to IMBRUVICA® in clinical
trials. Cases of progressive multifocal leukoencephalopathy (PML) and
Pneumocystis jirovecii pneumonia (PJP) have occurred in patients treated
with IMBRUVICA®. Consider prophylaxis according to standard of care in
patients who are at increased risk for opportunistic infections.
Monitor and evaluate patients for fever and infections and treat appropriately.
Cytopenias: Treatment-emergent Grade 3 or 4 cytopenias including
neutropenia (23%), thrombocytopenia (8%), and anemia (3%) based on
laboratory measurements occurred in patients with B-cell malignancies
treated with single agent IMBRUVICA®.
Monitor complete blood counts monthly.

Cardiac Arrhythmias: Fatal and serious cardiac arrhythmias have occurred
with IMBRUVICA® therapy. Grade 3 or greater ventricular tachyarrhythmias
occurred in 0.2% of patients, and Grade 3 or greater atrial fibrillation and
atrial flutter occurred in 4% of 1,124 patients exposed to IMBRUVICA®
in clinical trials. These events have occurred particularly in patients with
cardiac risk factors, hypertension, acute infections, and a previous history of
cardiac arrhythmias.
Periodically monitor patients clinically for cardiac arrhythmias. Obtain an
ECG for patients who develop arrhythmic symptoms (e.g., palpitations,
lightheadedness, syncope, chest pain) or new onset dyspnea. Manage
cardiac arrhythmias appropriately, and if it persists, consider the risks and
benefits of IMBRUVICA® treatment and follow dose modification guidelines.
Hypertension: Hypertension of any grade occurred in 12% of 1,124 patients
treated with IMBRUVICA® in clinical trials. Grade 3 or greater hypertension
occurred in 5% of patients with a median time to onset of 5.9 months
(range, 0.03 to 24 months).
Monitor blood pressure in patients treated with IMBRUVICA® and initiate or
adjust anti-hypertensive medication throughout treatment with IMBRUVICA®
as appropriate.
Second Primary Malignancies: Other malignancies (10%) including
non-skin carcinomas (4%) have occurred in 1,124 patients treated with
IMBRUVICA® in clinical trials. The most frequent second primary malignancy
was non-melanoma skin cancer (6%).
Tumor Lysis Syndrome: Tumor lysis syndrome has been infrequently
reported with IMBRUVICA® therapy. Assess the baseline risk (e.g., high tumor
burden) and take appropriate precautions.
Monitor patients closely and treat as appropriate.

RESONATE™-2 PRIMARY ENDPOINT: PFS WITH IMBRUVICA® VS CHLORAMBUCIL3
RESONATETM-2 was a multicenter, randomized 1:1, open-label, Phase 3 trial of IMBRUVICA® vs chlorambucil
in frontline CLL/SLL patients ≥65 years (N=269).2,3 Patients with 17p deletion were excluded.3
Primary analysis: Superior PFS by IRC assessment with
IMBRUVICA® with a median follow-up of 18 months2,3
84% statistically signiﬁcant reduction
in risk of progression or death2,3

OVERALL FOLLOW-UP OF 55 MONTHS

Long-term follow-up: Investigator-assessed median
PFS was not reached with IMBRUVICA® with an overall
follow-up of 55 months1,2
Investigator-assessed long-term follow-up
of risk of disease progression or death1
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Secondary endpoint: OS with IMBRUVICA® vs chlorambucil
Based on a median follow-up of 28 months, IMBRUVICA® resulted
in a 56% statistically signiﬁcant reduction in the risk of death vs
chlorambucil (HR=0.44 [95% CI: 0.21, 0.92])1
• The estimated survival rate at 24 months was 95% with IMBRUVICA®
(95% CI: 89, 97) vs 84% with chlorambucil (95% CI: 77, 90)
• 41% of chlorambucil-treated patients crossed over to IMBRUVICA®
upon disease progression
2,3

RESONATE™-2 Adverse Reactions ≥15%

• Diarrhea (42%)
• Musculoskeletal pain‡ (36%)
• Cough (22%)

chlorambucil

20

Median PFS was 18.9 (95% CI: 14, 22)

ADVERSE REACTIONS
The most common adverse reactions (≥20%) in patients with B-cell
malignancies (MCL, CLL/SLL, WM and MZL) were thrombocytopenia (58%)*,
diarrhea (41%), anemia (38%)*, neutropenia (35%)*, musculoskeletal pain
(32%), rash (32%), bruising (31%), nausea (26%), fatigue (26%), hemorrhage
(24%), and pyrexia (20%).
The most common Grade 3 or 4 adverse reactions (≥5%) in patients with
B-cell malignancies (MCL, CLL/SLL, WM and MZL) were neutropenia (18%)*,
thrombocytopenia (16%), and pneumonia (14%).
Approximately 7% of patients discontinued IMBRUVICA® due to adverse
reactions. Adverse reactions leading to discontinuation included
pneumonia (1.1%), hemorrhage (1%), atrial fibrillation (0.9%), rash (0.7%),
diarrhea (0.6%), neutropenia (0.5%), sepsis (0.4%), thrombocytopenia (0.4%),
interstitial lung disease (0.3%), and bruising (0.2%). Nine percent of patients
had a dose reduction due to adverse reactions.
*Treatment-emergent decreases (all grades) were based on laboratory measurements.
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Median PFS was not reached with IMBRUVICA® with an overall
follow-up of 55 months1,2:
• Median time on study was 48.1 months (0.1 - 55.2 months)
• 74% of patients estimated to be progression free and alive at
4 years in the IMBRUVICA® arm (95% CI: 65, 81)
• 16% of patients estimated to be progression free and alive at
4 years in the chlorambucil arm (95% CI: 9, 24)

• Rash‡ (21%)
• Bruising‡ (19%)
• Peripheral edema (19%)

Embryo-Fetal Toxicity: Based on findings in animals, IMBRUVICA® can
cause fetal harm when administered to a pregnant woman. Advise women
to avoid becoming pregnant while taking IMBRUVICA® and for 1 month after
cessation of therapy. If this drug is used during pregnancy or if the patient
becomes pregnant while taking this drug, the patient should be apprised of
the potential hazard to a fetus. Advise men to avoid fathering a child during
the same time period.

3
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Complete long-term
follow-up results
are not included
in the Prescribing
Information for
IMBRUVICA®. The
timing for long-term
follow-up was
not prespeciﬁed
and the analysis
was descriptive in
nature.

• Pyrexia (17%)
• Dry eye (17%)
• Arthralgia (16%)

• Skin infection‡ (15%)
‡

Includes multiple ADR terms.

DRUG INTERACTIONS
CYP3A Inhibitors: Modify IMBRUVICA® dose as described in USPI sections
2.4 and 7.1.
CYP3A Inducers: Avoid coadministration with strong CYP3A inducers.

SPECIFIC POPULATIONS
Hepatic Impairment (based on Child-Pugh criteria): Avoid use of IMBRUVICA®
in patients with severe baseline hepatic impairment. In patients with mild or
moderate impairment, reduce IMBRUVICA® dose.
Please see the Brief Summary on the following pages.

CI=conﬁdence interval, CLB=chlorambucil, CLL=chronic lymphocytic leukemia,
HR=hazard ratio, IRC=Independent Review Committee, IMB=IMBRUVICA®,
NR=not reached, OS=overall survival, PFS=progression-free survival,
SLL=small lymphocytic lymphoma.

References: 1. Data on ﬁle. Pharmacyclics LLC. 2. IMBRUVICA® (ibrutinib) Prescribing
Information. Pharmacyclics LLC. 2019. 3. Burger JA, Tedeschi A, Barr PM, et al.
Ibrutinib as initial therapy for patients with chronic lymphocytic leukemia. N Engl J Med.
2015;373(25):2425-2437.

Brief Summary of Prescribing Information for IMBRUVICA® (ibrutinib)
IMBRUVICA® (ibrutinib) capsules, for oral use
IMBRUVICA® (ibrutinib) tablets, for oral use
INDICATIONS AND USAGE
Mantle Cell Lymphoma: IMBRUVICA is indicated for the treatment of adult
patients with mantle cell lymphoma (MCL) who have received at least one
prior therapy.
Accelerated approval was granted for this indication based on overall
response rate. Continued approval for this indication may be contingent
upon verification and description of clinical benefit in a confirmatory trial
[see Clinical Studies (14.1) in Full Prescribing Information].
Chronic Lymphocytic Leukemia/Small Lymphocytic Lymphoma: IMBRUVICA
is indicated for the treatment of adult patients with chronic lymphocytic
leukemia (CLL)/small lymphocytic lymphoma (SLL).
Chronic Lymphocytic Leukemia/Small Lymphocytic Lymphoma with 17p
deletion: IMBRUVICA is indicated for the treatment of adult patients with
chronic lymphocytic leukemia (CLL)/small lymphocytic lymphoma (SLL) with
17p deletion.
Waldenström’s Macroglobulinemia: IMBRUVICA is indicated for the
treatment of adult patients with Waldenström’s macroglobulinemia (WM).
Marginal Zone Lymphoma: IMBRUVICA is indicated for the treatment of
adult patients with marginal zone lymphoma (MZL) who require systemic
therapy and have received at least one prior anti-CD20-based therapy.
Accelerated approval was granted for this indication based on overall response
rate [see Clinical Studies (14.4) in Full Prescribing Information]. Continued
approval for this indication may be contingent upon verification and description
of clinical benefit in a confirmatory trial.
Chronic Graft versus Host Disease: IMBRUVICA is indicated for the
treatment of adult patients with chronic graft-versus-host disease (cGVHD)
after failure of one or more lines of systemic therapy.
CONTRAINDICATIONS
None
WARNINGS AND PRECAUTIONS
Hemorrhage: Fatal bleeding events have occurred in patients treated with
IMBRUVICA. Grade 3 or higher bleeding events (intracranial hemorrhage
[including subdural hematoma], gastrointestinal bleeding, hematuria, and
post procedural hemorrhage) have occurred in 3% of patients, with fatalities
occurring in 0.3% of 1,124 patients exposed to IMBRUVICA in clinical trials.
Bleeding events of any grade, including bruising and petechiae, occurred in
44% of patients treated with IMBRUVICA.
The mechanism for the bleeding events is not well understood.
IMBRUVICA may increase the risk of hemorrhage in patients receiving
antiplatelet or anticoagulant therapies and patients should be monitored
for signs of bleeding.
Consider the benefit-risk of withholding IMBRUVICA for at least 3 to 7 days
pre- and post-surgery depending upon the type of surgery and the risk of
bleeding [see Clinical Studies (14) in Full Prescribing Information].
Infections: Fatal and non-fatal infections (including bacterial, viral, or
fungal) have occurred with IMBRUVICA therapy. Grade 3 or greater
infections occurred in 24% of 1,124 patients exposed to IMBRUVICA in
clinical trials [see Adverse Reactions]. Cases of progressive multifocal
leukoencephalopathy (PML) and Pneumocystis jirovecii pneumonia (PJP)
have occurred in patients treated with IMBRUVICA. Consider prophylaxis
according to standard of care in patients who are at increased risk for
opportunistic infections. Monitor and evaluate patients for fever and
infections and treat appropriately.
Cytopenias: Treatment-emergent Grade 3 or 4 cytopenias including
neutropenia (23%), thrombocytopenia (8%), and anemia (3%) based on
laboratory measurements occurred in patients with B-cell malignancies
treated with single agent IMBRUVICA.
Monitor complete blood counts monthly.
Cardiac Arrhythmias: Fatal and serious cardiac arrhythmias have occurred
with IMBRUVICA therapy. Grade 3 or greater ventricular tachyarrhythmias
occurred in 0.2% of patients, and Grade 3 or greater atrial fibrillation and
atrial flutter occurred in 4% of 1,124 patients exposed to IMBRUVICA in
clinical trials. These events have occurred particularly in patients with
cardiac risk factors, hypertension, acute infections, and a previous history
of cardiac arrhythmias. See Additional Important Adverse Reactions.
Periodically monitor patients clinically for cardiac arrhythmias. Obtain an
ECG for patients who develop arrhythmic symptoms (e.g., palpitations,
lightheadedness, syncope, chest pain) or new onset dyspnea. Manage cardiac
arrhythmias appropriately, and if it persists, consider the risks and benefits of
IMBRUVICA treatment and follow dose modification guidelines [see Dosage
and Administration (2.3) in Full Prescribing Information].
Hypertension: Hypertension of any grade occurred in 12% of 1,124 patients
treated with IMBRUVICA in clinical trials. Grade 3 or greater hypertension
occurred in 5% of patients with a median time to onset of 5.9 months (range,
0.03 to 24 months).

IMBRUVICA® (ibrutinib)
Monitor blood pressure in patients treated with IMBRUVICA and initiate or
adjust anti-hypertensive medication throughout treatment with IMBRUVICA
as appropriate.
Second Primary Malignancies: Other malignancies (10%) including non-skin
carcinomas (4%) have occurred in 1,124 patients treated with IMBRUVICA
in clinical trials. The most frequent second primary malignancy was nonmelanoma skin cancer (6%).
Tumor Lysis Syndrome: Tumor lysis syndrome has been infrequently
reported with IMBRUVICA therapy. Assess the baseline risk (e.g., high
tumor burden) and take appropriate precautions. Monitor patients closely
and treat as appropriate.
Embryo-Fetal Toxicity: Based on findings in animals, IMBRUVICA can
cause fetal harm when administered to a pregnant woman. Administration
of ibrutinib to pregnant rats and rabbits during the period of organogenesis
caused embryo-fetal toxicity including malformations at exposures that
were 2-20 times higher than those reported in patients with hematologic
malignancies. Advise women to avoid becoming pregnant while taking
IMBRUVICA and for 1 month after cessation of therapy. If this drug is used
during pregnancy or if the patient becomes pregnant while taking this drug,
the patient should be apprised of the potential hazard to a fetus [see Use in
Specific Populations].
ADVERSE REACTIONS
The following clinically significant adverse reactions are discussed in more
detail in other sections of the labeling:
• Hemorrhage [see Warnings and Precautions]
• Infections [see Warnings and Precautions]
• Cytopenias [see Warnings and Precautions]
• Cardiac Arrhythmias [see Warnings and Precautions]
• Hypertension [see Warnings and Precautions]
• Second Primary Malignancies [see Warnings and Precautions]
• Tumor Lysis Syndrome [see Warnings and Precautions]
Clinical Trials Experience: Because clinical trials are conducted under
widely variable conditions, adverse event rates observed in clinical trials of a
drug cannot be directly compared with rates of clinical trials of another drug
and may not reflect the rates observed in practice.
Mantle Cell Lymphoma: The data described below reflect exposure to
IMBRUVICA in a clinical trial (Study 1104) that included 111 patients with
previously treated MCL treated with 560 mg daily with a median treatment
duration of 8.3 months.
The most commonly occurring adverse reactions (≥ 20%) were
thrombocytopenia, diarrhea, neutropenia, anemia, fatigue, musculoskeletal
pain, peripheral edema, upper respiratory tract infection, nausea, bruising,
dyspnea, constipation, rash, abdominal pain, vomiting and decreased appetite
(see Tables 1 and 2).
The most common Grade 3 or 4 non-hematological adverse reactions (≥ 5%)
were pneumonia, abdominal pain, atrial fibrillation, diarrhea, fatigue, and
skin infections.
Fatal and serious cases of renal failure have occurred with IMBRUVICA therapy.
Increases in creatinine 1.5 to 3 times the upper limit of normal occurred in
9% of patients.
Adverse reactions from the MCL trial (N=111) using single agent IMBRUVICA
560 mg daily occurring at a rate of ≥ 10% are presented in Table 1.
Table 1: Non-Hematologic Adverse Reactions in ≥ 10%
of Patients with MCL (N=111)
All Grades Grade 3 or
Body System
Adverse Reaction
(%)
Higher (%)
5
51
Gastrointestinal
Diarrhea
0
31
disorders
Nausea
0
25
Constipation
5
24
Abdominal pain
0
23
Vomiting
1
17
Stomatitis
0
11
Dyspepsia
Infections and
Upper respiratory tract
0
34
infestations
infection
3
14
Urinary tract infection
8†
14
Pneumonia
14
Skin infections
5
13
Sinusitis
1
5
41
General disorders Fatigue
3
35
and administration Peripheral edema
1
18
Pyrexia
site conditions
3
14
Asthenia
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Table 1: Non-Hematologic Adverse Reactions in ≥ 10%
of Patients with MCL (N=111) (continued)
Body System

Adverse Reaction

Bruising
Skin and
Rash
subcutaneous
Petechiae
tissue disorders
Musculoskeletal pain
Musculoskeletal
Muscle spasms
and connective
Arthralgia
tissue disorders
Dyspnea
Respiratory,
Cough
thoracic and
Epistaxis
mediastinal
disorders
Metabolism and
Decreased appetite
nutrition disorders Dehydration
Nervous system
Dizziness
disorders
Headache
† Includes one event with a fatal outcome.

All Grades
(%)
30
25
11
37
14
11
27
19
11

Grade 3 or
Higher (%)
0
3
0
1
0
0
5†
0
0

21
12
14
13

2
4
0
0

Table 2: Treatment-Emergent* Hematologic Laboratory Abnormalities
in Patients with MCL (N=111)

Platelets Decreased
Neutrophils Decreased
Hemoglobin Decreased

Percent of Patients (N=111)
All Grades (%)
Grade 3 or 4 (%)
57
17
47
29
41
9

* Based on laboratory measurements and adverse reactions
Treatment-emergent Grade 4 thrombocytopenia (6%) and neutropenia (13%)
occurred in patients.
Ten patients (9%) discontinued treatment due to adverse reactions in the
trial (N=111). The most frequent adverse reaction leading to treatment
discontinuation was subdural hematoma (1.8%). Adverse reactions leading
to dose reduction occurred in 14% of patients.
Patients with MCL who develop lymphocytosis greater than 400,000/mcL have
developed intracranial hemorrhage, lethargy, gait instability, and headache.
However, some of these cases were in the setting of disease progression.
Forty percent of patients had elevated uric acid levels on study including
13% with values above 10 mg/dL. Adverse reaction of hyperuricemia was
reported for 15% of patients.
Chronic Lymphocytic Leukemia/Small Lymphocytic Lymphoma: The data
described below reflect exposure in one single-arm, open-label clinical
trial (Study 1102) and four randomized controlled clinical trials (RESONATE,
RESONATE-2, and HELIOS, and iLLUMINATE) in patients with CLL/SLL
(n=1,506 total and n=781 patients exposed to IMBRUVICA). Patients with
creatinine clearance (CrCl) ≤ 30 mL/min, AST or ALT ≥ 2.5 x ULN (upper
limit of normal), or total bilirubin ≥ 1.5x ULN (unless of non-hepatic origin)
were excluded from these trials. Study 1102 included 51 patients with
previously treated CLL/SLL, RESONATE included 386 randomized patients
with previously treated CLL or SLL who received single agent IMBRUVICA or
ofatumumab, RESONATE-2 included 267 randomized patients with treatment
naïve-CLL or SLL who were 65 years or older and received single agent
IMBRUVICA or chlorambucil, HELIOS included 574 randomized patients with
previously treated CLL or SLL who received IMBRUVICA in combination with
bendamustine and rituximab or placebo in combination with bendamustine
and rituximab, and iLLUMINATE included 228 randomized patients with
treatment naïve CLL who were 65 years or older or with coexisting medical
conditions and received IMBRUVICA in combination with obinutuzumab or
chlorambucil in combination with obinutuzumab.
The most commonly occurring adverse reactions in patients with CLL/SLL
receiving IMBRUVICA (≥ 20%) were neutropenia, thrombocytopenia, anemia,
diarrhea, rash, musculoskeletal pain, bruising, nausea, fatigue, pyrexia,
hemorrhage, and cough.
Four to 10 percent of patients with CLL/SLL receiving IMBRUVICA discontinued
treatment due to adverse reactions. These included pneumonia, hemorrhage,
atrial fibrillation, rash and neutropenia. Adverse reactions leading to dose
reduction occurred in approximately 7% of patients.
Study 1102: Adverse reactions and laboratory abnormalities from the
CLL/SLL trial (N=51) using single agent IMBRUVICA 420 mg daily in patients
with previously treated CLL/SLL occurring at a rate of ≥ 10% with a median
duration of treatment of 15.6 months are presented in Tables 3 and 4.

Table 3: Non-Hematologic Adverse Reactions in ≥ 10% of Patients
with CLL/SLL (N=51) in Study 1102
All Grades Grade 3 or
Body System
Adverse Reaction
(%)
Higher (%)
4
59
Gastrointestinal
Diarrhea
2
22
disorders
Constipation
2
20
Nausea
0
20
Stomatitis
2
18
Vomiting
0
14
Abdominal pain
0
12
Dyspepsia
Infections and
Upper respiratory
2
47
infestations
tract infection
6
22
Sinusitis
6
16
Skin infection
10
12
Pneumonia
2
12
Urinary tract infection
6
33
General disorders and Fatigue
2
24
Pyrexia
administration site
0
22
Peripheral edema
conditions
6
14
Asthenia
0
12
Chills
2
51
Skin and subcutaneous Bruising
0
25
tissue disorders
Rash
0
16
Petechiae
0
22
Cough
Respiratory, thoracic
0
14
Oropharyngeal pain
and mediastinal
0
12
Dyspnea
disorders
6
25
Musculoskeletal pain
Musculoskeletal and
0
24
Arthralgia
connective tissue
2
18
Muscle spasms
disorders
Nervous system
Dizziness
20
0
disorders
Headache
18
2
Metabolism and
Decreased appetite
16
2
nutrition disorders
Neoplasms benign,
Second malignancies
10
2†
malignant, unspecified
Vascular disorders
Hypertension
16
8
†One patient death due to histiocytic sarcoma.
Table 4: Treatment-Emergent* Hematologic Laboratory Abnormalities
in Patients with CLL/SLL (N=51) in Study 1102
Percent of Patients (N=51)
All Grades (%)
Grade 3 or 4 (%)
Platelets Decreased
69
12
Neutrophils Decreased
53
26
Hemoglobin Decreased
43
0
* Based on laboratory measurements per IWCLL criteria and adverse
reactions.
Treatment-emergent Grade 4 thrombocytopenia (8%) and neutropenia (12%)
occurred in patients.
RESONATE: Adverse reactions and laboratory abnormalities described
below in Tables 5 and 6 reflect exposure to IMBRUVICA with a median
duration of 8.6 months and exposure to ofatumumab with a median of
5.3 months in RESONATE in patients with previously treated CLL/SLL.
Table 5: Adverse Reactions Reported in ≥ 10% of Patients and at
Least 2% Greater in the IMBRUVICA Treated Arm in Patients with
CLL/SLL in RESONATE
IMBRUVICA
Ofatumumab
(N=195)
(N=191)
Grade 3
All
Grade 3
All
Grades or Higher Grades or Higher
Body System
(%)
(%)
(%)
(%)
Adverse Reaction
Gastrointestinal disorders
Diarrhea
48
4
18
2
Nausea
26
2
18
0
Stomatitis*
17
1
6
1
Constipation
15
0
9
0
Vomiting
14
0
6
1
General disorders and
administration site conditions
Pyrexia
24
2
15
2†
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Table 5: Adverse Reactions Reported in ≥ 10% of Patients and at
Least 2% Greater in the IMBRUVICA Treated Arm in Patients with
CLL/SLL in RESONATE (continued)
IMBRUVICA
Ofatumumab
(N=195)
(N=191)
Grade 3
All
Grade 3
All
Grades or Higher Grades or Higher
Body System
(%)
(%)
(%)
(%)
Adverse Reaction
Infections and infestations
Upper respiratory tract
16
1
11
2†
infection
Pneumonia*
15
12†
13
10†
Sinusitis*
11
1
6
0
Urinary tract infection
10
4
5
1
Skin and subcutaneous tissue
disorders
Rash*
24
3
13
0
Petechiae
14
0
1
0
Bruising*
12
0
1
0
Musculoskeletal and
connective tissue disorders
Musculoskeletal pain*
28
2
18
1
Arthralgia
17
1
7
0
Nervous system disorders
Headache
14
1
6
0
Dizziness
11
0
5
0
Injury, poisoning and
procedural complications
Contusion
11
0
3
0
Eye disorders
Vision blurred
10
0
3
0
Subjects with multiple events for a given adverse reaction (ADR) term are
counted once only for each ADR term.
The body system and individual ADR terms are sorted in descending frequency
order in the IMBRUVICA arm.
* Includes multiple ADR terms
† Includes 3 events of pneumonia with fatal outcome in each arm, and 1 event
of pyrexia and upper respiratory tract infection with a fatal outcome in the
ofatumumab arm.

Table 7: Adverse Reactions Reported in ≥ 10% of Patients and
at Least 2% Greater in the IMBRUVICA Treated Arm in Patients with
CLL/SLL in RESONATE-2 (continued)
IMBRUVICA
Chlorambucil
(N=135)
(N=132)
Grade 3
All
Grade 3
All
Grades or Higher Grades or Higher
Body System
(%)
(%)
(%)
(%)
Adverse Reaction
Eye disorders
Dry eye
17
0
5
0
Lacrimation increased
13
0
6
0
Vision blurred
13
0
8
0
Visual acuity reduced
11
0
2
0
Skin and subcutaneous
tissue disorders
Rash*
21
4
12
2
Bruising*
19
0
7
0
Infections and infestations
Skin infection*
15
2
3
1
Pneumonia*
14
8
7
4
Urinary tract infections
10
1
8
1
Respiratory, thoracic and
mediastinal disorders
Cough
22
0
15
0
General disorders and
administration site
conditions
Peripheral edema
19
1
9
0
Pyrexia
17
0
14
2
Vascular disorders
Hypertension*
14
4
1
0
Nervous system disorders
Headache
12
1
10
2
Subjects with multiple events for a given ADR term are counted once only
for each ADR term.
The body system and individual ADR terms are sorted in descending frequency
order in the IMBRUVICA arm.
* Includes multiple ADR terms
HELIOS: Adverse reactions described below in Table 8 reflect exposure
to IMBRUVICA + BR with a median duration of 14.7 months and exposure
to placebo + BR with a median of 12.8 months in HELIOS in patients with
previously treated CLL/SLL.

Table 6: Treatment-Emergent Hematologic Laboratory Abnormalities in
Patients with CLL/SLL in RESONATE
IMBRUVICA
Ofatumumab
(N=195)
(N=191)
Grade
All
Grade
All
3 or 4
Grades
3 or 4
Grades
(%)
(%)
(%)
(%)
Neutrophils Decreased
51
23
57
26
Platelets Decreased
52
5
45
10
Hemoglobin Decreased
36
0
21
0
Treatment-emergent Grade 4 thrombocytopenia (2% in the IMBRUVICA arm
vs 3% in the ofatumumab arm) and neutropenia (8% in the IMBRUVICA arm
vs 8% in the ofatumumab arm) occurred in patients.
RESONATE-2: Adverse reactions described below in Table 7 reflect exposure
to IMBRUVICA with a median duration of 17.4 months. The median exposure
to chlorambucil was 7.1 months in RESONATE-2.
Table 7: Adverse Reactions Reported in ≥ 10% of Patients and
at Least 2% Greater in the IMBRUVICA Treated Arm in Patients with
CLL/SLL in RESONATE-2
IMBRUVICA
Chlorambucil
(N=135)
(N=132)
Grade 3
All
Grade 3
All
Grades or Higher Grades or Higher
Body System
(%)
(%)
(%)
(%)
Adverse Reaction
Gastrointestinal disorders
Diarrhea
42
4
17
0
Stomatitis*
14
1
4
1
Musculoskeletal and
connective tissue disorders
Musculoskeletal pain*
36
4
20
0
Arthralgia
16
1
7
1
Muscle spasms
11
0
5
0

Table 8: Adverse Reactions Reported in at Least 10% of Patients and
at Least 2% Greater in the IMBRUVICA Arm in Patients with
CLL/SLL in HELIOS
Ibrutinib + BR
Placebo + BR
(N=287)
(N=287)
Grade 3
All
Grade 3
All
Grades or Higher Grades or Higher
Body System
(%)
(%)
(%)
(%)
Adverse Reaction
Blood and lymphatic system
disorders
Neutropenia*
66
61
60
56†
Thrombocytopenia*
34
16
26
16
Skin and subcutaneous tissue
disorders
Rash*
32
4
25
1
Bruising*
20
<1
8
<1
Gastrointestinal disorders
Diarrhea
36
2
23
1
Abdominal pain
12
1
8
<1
Musculoskeletal and
connective tissue disorders
Musculoskeletal pain*
29
2
20
0
Muscle spasms
12
<1
5
0
General disorders and
administration site conditions
Pyrexia
25
4
22
2
Vascular disorders
Hemorrhage*
19
2†
9
1
Hypertension*
11
5
5
2
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Table 8: Adverse Reactions Reported in at Least 10% of Patients and
at Least 2% Greater in the IMBRUVICA Arm in Patients with
CLL/SLL in HELIOS (continued)
Ibrutinib + BR
Placebo + BR
(N=287)
(N=287)
Grade 3
All
Grade 3
All
Grades or Higher Grades or Higher
Body System
(%)
(%)
(%)
(%)
Adverse Reaction
Infections and infestations
Bronchitis
13
2
10
3
Skin infection*
10
3
6
2
Metabolism and nutrition
disorders
Hyperuricemia
10
2
6
0
The body system and individual ADR terms are sorted in descending frequency
order in the IMBRUVICA arm.
* Includes multiple ADR terms
<1 used for frequency above 0 and below 0.5%
† Includes 2 events of hemorrhage with fatal outcome in the IMBRUVICA arm
and 1 event of neutropenia with a fatal outcome in the placebo + BR arm.
Atrial fibrillation of any grade occurred in 7% of patients treated with
IMBRUVICA + BR and 2% of patients treated with placebo + BR. The frequency
of Grade 3 and 4 atrial fibrillation was 3% in patients treated with IMBRUVICA + BR
and 1% in patients treated with placebo +BR.
iLLUMINATE: Adverse reactions described below in Table 9 reflect exposure
to IMBRUVICA + obinutuzumab with a median duration of 29.3 months and
exposure to chlorambucil + obinutuzumab with a median of 5.1 months in
iLLUMINATE in patients with previously untreated CLL/SLL.

Table 9: Adverse Reactions Reported in at Least 10% of Patients in the
IMBRUVICA Arm in Patients with CLL/SLL in iLLUMINATE (continued)
Chlorambucil +
IMBRUVICA +
Obinutuzumab
Obinutuzumab
(N=115)
(N=113)
Grade 3
All
Grade 3
All
Grades or Higher Grades or Higher
Body System
(%)
(%)
(%)
(%)
Adverse Reaction§
Metabolism and Nutrition
Disorders
Hyperuricemia
13
1
0
0
Cardiac Disorders
Atrial Fibrillation
12
5
0
0
General Disorders and
Administration Site
Conditions
Pyrexia
19
2
26
1
Fatigue
18
0
17
2
Peripheral edema
12
0
7
0
Psychiatric disorders
Insomnia
12
0
4
0
§ The data are not an adequate basis for comparison of ADR rates between
treatment arms.
The body system and individual ADR terms are sorted in descending frequency
order in the IMBRUVICA arm.
* Includes multiple ADR terms
† Includes one event with a fatal outcome.

Table 9: Adverse Reactions Reported in at Least 10% of Patients in the
IMBRUVICA Arm in Patients with CLL/SLL in iLLUMINATE
Chlorambucil +
IMBRUVICA +
Obinutuzumab
Obinutuzumab
(N=115)
(N=113)
Grade 3
All
Grade 3
All
Grades or Higher Grades or Higher
Body System
§
(%)
(%)
(%)
(%)
Adverse Reaction
Blood and lymphatic system
disorders
Neutropenia*
48
39
64
48
Thrombocytopenia*
36
19
28
11
Anemia
17
4
25
8
Skin and subcutaneous tissue
disorders
Rash*
36
3
11
0
Bruising*
32
3
3
0
Gastrointestinal Disorders
Diarrhea
34
3
10
0
Constipation
16
0
12
1
Nausea
12
0
30
0
Musculoskeletal and
Connective Tissue Disorders
Musculoskeletal Pain*
33
1
23
3
Arthralgia
22
1
10
0
Muscle spasms
13
0
6
0
Respiratory, Thoracic and
Mediastinal Disorders
Cough
27
1
12
0
Injury, Poisoning and
Procedural Complications
Infusion related reaction
25
2
58
8
Vascular disorders
Hemorrhage*
25
1
9
0
Hypertension*
17
4
4
3
Infections and Infestations
Pneumonia*
16
9
9
4†
Upper Respiratory Tract
14
1
6
0
Infection
Skin infection*
13
1
3
0
Urinary tract infection
12
3
7
1
Nasopharyngitis
12
0
3
0
Conjunctivitis
11
0
2
0

Waldenström’s Macroglobulinemia and Marginal Zone Lymphoma: The data
described below reflect exposure to IMBRUVICA in three single-arm openlabel clinical trials (Study 1118, Study 1121, and INNOVATE monotherapy
arm) and one randomized controlled trial (INNOVATE) in patients with WM
or MZL, including a total n=307 patients overall and n=232 patients exposed
to IMBRUVICA. Study 1118 included 63 patients with previously treated WM
who received single agent IMBRUVICA. Study 1121 included 63 patients
with previously treated MZL who received single agent IMBRUVICA.
INNOVATE included 150 patients with treatment naïve or previously treated
WM who received IMBRUVICA or placebo in combination with rituximab.
The INNOVATE monotherapy arm included 31 patients with previously
treated WM who failed prior rituximab-containing therapy and received
IMBRUVICA.
The most commonly occurring adverse reactions in Studies 1118, 1121, and
INNOVATE (≥ 20%) were thrombocytopenia, diarrhea, bruising, neutropenia,
musculoskeletal pain, hemorrhage, anemia, rash, fatigue, and nausea.
Seven percent of patients receiving IMBRUVICA across Studies 1118, 1121,
and INNOVATE discontinued treatment due to adverse reactions. The most
common adverse reactions leading to discontinuation were atrial fibrillation,
interstitial lung disease, diarrhea and rash. Adverse reactions leading to dose
reduction occurred in 13% of patients.
Study 1118 and INNOVATE Monotherapy Arm: Adverse reactions and
laboratory abnormalities described below in Tables 10 and 11 reflect
exposure to IMBRUVICA with a median duration of 11.7 months in
Study 1118 and 33 months in the INNOVATE Monotherapy Arm.
Table 10: Non-Hematologic Adverse Reactions in ≥ 10% in Patients with
WM in Study 1118 and the INNOVATE Monotherapy Arm (N=94)
Grade 3
All
Grades or Higher
(%)
(%)
Body System
Adverse Reaction
2
38
Gastrointestinal
Diarrhea
0
21
disorders
Nausea
0
15
Stomatitis*
1
12
Constipation
Gastroesophageal
0
12
reflux disease
Skin and subcutaneous Bruising*
28
1
tissue disorders
Rash*
21
1
Vascular disorders
Hemorrhage*
28
0
Hypertension*
14
4
Fatigue
18
2
General disorders and
Pyrexia
12
2
administrative site
conditions
Musculoskeletal pain*
21
0
Musculoskeletal and
Muscle spasms
19
0
connective tissue
disorders
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Table 10: Non-Hematologic Adverse Reactions in ≥ 10% in Patients
with WM in Study 1118 and the INNOVATE Monotherapy Arm (N=94)
(continued)
Grade 3
All
Grades or Higher
(%)
(%)
Body System
Adverse Reaction
Infections and
Upper respiratory tract
19
0
infestations
infection
Skin infection*
18
3
Sinusitis*
16
0
Pneumonia*
13
5
Nervous system
Headache
14
0
disorders
Dizziness
13
0
Respiratory, thoracic
Cough
13
0
and mediastinal
disorders
The body system and individual ADR preferred terms are sorted in descending
frequency order.
* Includes multiple ADR terms.
Table 11: Treatment-Emergent Hematologic Laboratory Abnormalities
in Patients with WM in Study 1118 and the INNOVATE
Monotherapy Arm (N=94)
Percent of Patients (N=94)
All Grades (%)
Grade 3 or 4 (%)
Platelets Decreased
38
11
Neutrophils Decreased
43
16
Hemoglobin Decreased
21
6
Treatment-emergent Grade 4 thrombocytopenia (4%) and neutropenia (7%)
occurred in patients.
INNOVATE: Adverse reactions described below in Table 12 reflect exposure to
IMBRUVICA + R with a median duration of 25.8 months and exposure to placebo
+ R with a median duration of 15.5 months in patients with treatment naïve or
previously treated WM in INNOVATE.
Table 12: Adverse Reactions Reported in at Least 10% of Patients and at
Least 2% Greater in the IMBRUVICA Arm in Patients with WM in INNOVATE
Body System
IMBRUVICA + R
Placebo + R
Adverse Reaction
(N=75)
(N=75)
All
Grade 3
All
Grade 3
Grades or Higher Grades or Higher
(%)
(%)
(%)
(%)
Skin and subcutaneous
tissue disorders
Bruising*
37
1
5
0
Rash*
24
1
11
0
Musculoskeletal and
connective tissue disorders
Musculoskeletal pain*
35
4
21
3
Arthralgia
24
3
11
1
Muscle spasms
17
0
12
1
Vascular disorders
Hemorrhage*
32
3
17
4†
Hypertension*
20
13
5
4
Gastrointestinal disorders
Diarrhea
28
0
15
1
Nausea
21
0
12
0
Dyspepsia
16
0
1
0
Constipation
13
1
11
1
Infections and infestations
Pneumonia*
19
13
5
3
Skin infection*
17
3
3
0
Urinary tract infection
13
0
0
0
Bronchitis
12
3
7
0
Influenza
12
0
7
1
Viral upper respiratory
11
0
7
0
tract infection
General disorders and
administration site
conditions
Peripheral edema
17
0
12
1
Respiratory, thoracic, and
mediastinal disorders
Cough
17
0
11
0

Table 12: Adverse Reactions Reported in at Least 10% of Patients and at
Least 2% Greater in the IMBRUVICA Arm in Patients with WM in INNOVATE
(continued)
IMBRUVICA + R
Placebo + R
Body System
(N=75)
(N=75)
Adverse Reaction
All
Grade 3
All
Grade 3
Grades or Higher Grades or Higher
(%)
(%)
(%)
(%)
Blood and Lymphatic System
Disorders
Neutropenia*
16
12
11
4
Cardiac Disorders
Atrial fibrillation
15
12
3
1
Nervous system disorders
Dizziness
11
0
7
0
Psychiatric disorders
Insomnia
11
0
4
0
Metabolism and nutrition
disorders
Hypokalemia
11
0
1
1
The body system and individual ADR preferred terms are sorted in descending
frequency order.
* Includes multiple ADR terms.
† Includes one event with a fatal outcome.
Grade 3 or 4 infusion related reactions were observed in 1% of patients treated
with IMBRUVICA + R.
Study 1121: Adverse reactions and laboratory abnormalities described below
in Tables 13 and 14 reflect exposure to IMBRUVICA with a median duration
of 11.6 months in Study 1121.
Table 13: Non-Hematologic Adverse Reactions in ≥ 10% in Patients
with MZL in Study 1121 (N=63)
Grade 3
All
Grades or Higher
(%)
(%)
Body System
Adverse Reaction
5
43
Gastrointestinal
Diarrhea
0
25
disorders
Nausea
0
19
Dyspepsia
2
17
Stomatitis*
2
16
Abdominal pain
0
14
Constipation
0
13
Abdominal pain upper
2
11
Vomiting
6
44
Fatigue
General disorders and
2
24
Peripheral edema
administrative site
2
17
Pyrexia
conditions
0
41
Skin and subcutaneous Bruising*
5
29
tissue disorders
Rash*
0
14
Pruritus
3
40
Musculoskeletal pain*
Musculoskeletal and
2
24
Arthralgia
connective tissue
3
19
Muscle spasms
disorders
Infections and
Upper respiratory tract
0
21
infestations
infection
0
19
Sinusitis*
0
11
Bronchitis
10
11
Pneumonia*
2
16
Metabolism and
Decreased appetite
0
16
nutrition disorders
Hyperuricemia
0
14
Hypoalbuminemia
0
13
Hypokalemia
Vascular disorders
Hemorrhage*
30
2†
Hypertension*
14
5
Cough
22
2
Respiratory, thoracic
Dyspnea
21
2
and mediastinal
disorders
Nervous system
Dizziness
19
0
disorders
Headache
13
0
Psychiatric disorders
Anxiety
16
2
The body system and individual ADR preferred terms are sorted in descending
frequency order.
* Includes multiple ADR terms.
† Includes one event with a fatal outcome.
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Table 14: Treatment-Emergent Hematologic Laboratory Abnormalities
in Patients with MZL in Study 1121 (N=63)
Percent of Patients (N=63)
All Grades (%)
Grade 3 or 4 (%)
Platelets Decreased
49
6
Hemoglobin Decreased
43
13
Neutrophils Decreased
22
13
Treatment-emergent Grade 4 thrombocytopenia (3%) and neutropenia (6%)
occurred in patients.
Chronic Graft versus Host Disease: The data described below reflect
exposure to IMBRUVICA in an open-label clinical trial (Study 1129) that
included 42 patients with cGVHD after failure of first line corticosteroid
therapy and required additional therapy.
The most commonly occurring adverse reactions in the cGVHD trial (≥ 20%)
were fatigue, bruising, diarrhea, thrombocytopenia, stomatitis, muscle
spasms, nausea, hemorrhage, anemia, and pneumonia. Atrial fibrillation
occurred in one patient (2%) which was Grade 3.
Twenty-four percent of patients receiving IMBRUVICA in the cGVHD trial
discontinued treatment due to adverse reactions. The most common adverse
reactions leading to discontinuation were fatigue and pneumonia. Adverse
reactions leading to dose reduction occurred in 26% of patients.
Adverse reactions and laboratory abnormalities described below in Tables 15
and 16 reflect exposure to IMBRUVICA with a median duration of 4.4 months
in the cGVHD trial.

Additional Important Adverse Reactions: Cardiac Arrhythmias: In randomized
controlled trials (n=1605; median treatment duration of 14.8 months for 805
patients treated with IMBRUVICA and 5.6 months for 800 patients in the
control arm), the incidence of ventricular tachyarrhythmias (ventricular
extrasystoles, ventricular arrhythmias, ventricular fibrillation, ventricular
flutter, and ventricular tachycardia) of any grade was 1.0% versus 0.5% and of
Grade 3 or greater was 0.2% versus 0% in patients treated with IMBRUVICA
compared to patients in the control arm. In addition, the incidence of atrial
fibrillation and atrial flutter of any grade was 9% versus 1.4% and for Grade
3 or greater was 4.1% versus 0.4% in patients treated with IMBRUVICA
compared to patients in the control arm.
Diarrhea: In randomized controlled trials (n=1605; median treatment duration
of 14.8 months for 805 patients treated with IMBRUVICA and 5.6 months for
800 patients in the control arm), diarrhea of any grade occurred at a rate
of 39% of patients treated with IMBRUVICA compared to 18% of patients in
the control arm. Grade 3 diarrhea occurred in 3% versus 1% of IMBRUVICAtreated patients compared to the control arm, respectively. The median time
to first onset was 21 days (range, 0 to 708) versus 46 days (range, 0 to 492) for
any grade diarrhea and 117 days (range, 3 to 414) versus 194 days (range, 11
to 325) for Grade 3 diarrhea in IMBRUVICA-treated patients compared to the
control arm, respectively. Of the patients who reported diarrhea, 85% versus
89% had complete resolution, and 15% versus 11% had not reported resolution
at time of analysis in IMBRUVICA-treated patients compared to the control
arm, respectively. The median time from onset to resolution in IMBRUVICAtreated subjects was 7 days (range, 1 to 655) versus 4 days (range, 1 to 367)
for any grade diarrhea and 7 days (range, 1 to 78) versus 19 days (range,
1 to 56) for Grade 3 diarrhea in IMBRUVICA-treated subjects compared to the
control arm, respectively. Less than 1% of subjects discontinued IMBRUVICA
due to diarrhea compared with 0% in the control arm.
Visual Disturbance: In randomized controlled trials (n=1605; median
treatment duration of 14.8 months for 805 patients treated with IMBRUVICA
and 5.6 months for 800 patients in the control arm), blurred vision and
decreased visual acuity of any grade occurred in 11% of patients treated
with IMBRUVICA (10% Grade 1, 2% Grade 2, no Grade 3 or higher) compared
to 6% in the control arm (6% Grade 1 and <1% Grade 2 and 3). The median
time to first onset was 91 days (range, 0 to 617) versus 100 days (range,
2 to 477) in IMBRUVICA-treated patients compared to the control arm,
respectively. Of the patients who reported visual disturbances, 60%
versus 71% had complete resolution and 40% versus 29% had not reported
resolution at the time of analysis in IMBRUVICA-treated patients compared
to the control arm, respectively. The median time from onset to resolution
was 37 days (range, 1 to 457) versus 26 days (range, 1 to 721) in IMBRUVICAtreated subjects compared to the control arm, respectively.
Postmarketing Experience: The following adverse reactions have been
identified during post-approval use of IMBRUVICA. 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.
• Hepatobiliary disorders: hepatic failure including acute and/or fatal
events, hepatic cirrhosis
• Respiratory disorders: interstitial lung disease
• Metabolic and nutrition disorders: tumor lysis syndrome [see Warnings
& Precautions]
• Immune system disorders: anaphylactic shock, angioedema, urticaria
• Skin and subcutaneous tissue disorders: Stevens-Johnson Syndrome
(SJS), onychoclasis, panniculitis
• Infections: hepatitis B reactivation
• Nervous system disorders: peripheral neuropathy
DRUG INTERACTIONS
Effect of CYP3A Inhibitors on Ibrutinib: The coadministration of IMBRUVICA
with a strong or moderate CYP3A inhibitor may increase ibrutinib plasma
concentrations [see Clinical Pharmacology (12.3) in Full Prescribing
Information]. Increased ibrutinib concentrations may increase the risk of
drug-related toxicity.
Dose modifications of IMBRUVICA are recommended when used
concomitantly with posaconazole, voriconazole and moderate CYP3A
inhibitors [see Dosage and Administration (2.4) in Full Prescribing Information].
Avoid concomitant use of other strong CYP3A inhibitors. Interrupt IMBRUVICA
if these inhibitors will be used short-term (such as anti-infectives for seven
days or less) [see Dosage and Administration (2.4) in Full Prescribing
Information].
Avoid grapefruit and Seville oranges during IMBRUVICA treatment, as these
contain strong or moderate inhibitors of CYP3A.
Effect of CYP3A Inducers on Ibrutinib: The coadministration of IMBRUVICA
with strong CYP3A inducers may decrease ibrutinib concentrations. Avoid
coadministration with strong CYP3A inducers [see Clinical Pharmacology
(12.3) in Full Prescribing Information].

Table 15: Non-Hematologic Adverse Reactions in ≥ 10% of Patients
with cGVHD (N=42)

Body System

Adverse Reaction

All
Grades
(%)

Grade 3
or Higher
(%)

General disorders and
administration site
conditions

Fatigue
Pyrexia
Edema peripheral

57
17
12

12
5
0

Skin and subcutaneous
tissue disorders

Bruising*
Rash*

40
12

0
0

Gastrointestinal
disorders

Diarrhea
Stomatitis*
Nausea
Constipation

36
29
26
12

10
2
0
0

Musculoskeletal and
connective tissue
disorders

Muscle spasms
Musculoskeletal pain*

29
14

2
5

Vascular disorders

Hemorrhage*

26

0

Infections and
infestations

Pneumonia*
Upper respiratory tract
infection
Sepsis*

21

14†

19
10

0
10

Nervous system
disorders

Headache

17

5

Injury, poisoning
and procedural
complications

Fall

17

0

Respiratory, thoracic
and mediastinal
disorders

Cough
Dyspnea

14
12

0
2

Metabolism and
nutrition disorders

Hypokalemia

12

7

The system organ class and individual ADR preferred terms are sorted in
descending frequency order.
* Includes multiple ADR terms.
† Includes 2 events with a fatal outcome.
Table 16: Treatment-Emergent Hematologic Laboratory Abnormalities
in Patients with cGVHD (N=42)
Percent of Patients (N=42)
All Grades (%)
Grade 3 or 4 (%)
Platelets Decreased
33
0
Neutrophils Decreased
10
10
Hemoglobin Decreased
24
2
Treatment-emergent Grade 4 neutropenia occurred in 2% of patients.
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USE IN SPECIFIC POPULATIONS
Pregnancy: Risk Summary: IMBRUVICA, a kinase inhibitor, can cause fetal
harm based on findings from animal studies. There are no available data
on IMBRUVICA use in pregnant women to inform a drug-associated risk
of major birth defects and miscarriage. In animal reproduction studies,
administration of ibrutinib to pregnant rats and rabbits during the period of
organogenesis at exposures up to 2-20 times the clinical doses of 420-560 mg
daily produced embryofetal toxicity including structural abnormalities (see
Data). If IMBRUVICA is used during pregnancy or if the patient becomes
pregnant while taking IMBRUVICA, the patient should be apprised of the
potential hazard to the fetus.
All pregnancies have a background risk of birth defect, loss, or other
adverse outcomes. The estimated background risk of major birth defects
and miscarriage for the indicated population is unknown. In the U.S.
general population, the estimated background risk of major birth defects
and miscarriage in clinically recognized pregnancies is 2-4% and 15-20%,
respectively.
Data: Animal Data: Ibrutinib was administered orally to pregnant rats during
the period of organogenesis at doses of 10, 40 and 80 mg/kg/day. Ibrutinib at
a dose of 80 mg/kg/day was associated with visceral malformations (heart
and major vessels) and increased resorptions and post-implantation loss.
The dose of 80 mg/kg/day in rats is approximately 14 times the exposure
(AUC) in patients with MCL or MZL and 20 times the exposure in patients
with CLL/SLL or WM administered the dose of 560 mg daily and 420 mg
daily, respectively. Ibrutinib at doses of 40 mg/kg/day or greater was
associated with decreased fetal weights. The dose of 40 mg/kg/day in rats is
approximately 6 times the exposure (AUC) in patients with MCL administered
the dose of 560 mg daily.
Ibrutinib was also administered orally to pregnant rabbits during the period
of organogenesis at doses of 5, 15, and 45 mg/kg/day. Ibrutinib at a dose
of 15 mg/kg/day or greater was associated with skeletal variations (fused
sternebrae) and ibrutinib at a dose of 45 mg/kg/day was associated with
increased resorptions and post-implantation loss. The dose of 15 mg/kg/day
in rabbits is approximately 2.0 times the exposure (AUC) in patients with MCL
and 2.8 times the exposure in patients with CLL/SLL or WM administered the
dose of 560 and 420 mg daily, respectively.
Lactation: Risk Summary: There is no information regarding the presence of
ibrutinib or its metabolites in human milk, the effects on the breastfed child,
or the effects on milk production.
The development and health benefits of breastfeeding should be considered
along with the mother’s clinical need for IMBRUVICA and any potential
adverse effects on the breastfed child from IMBRUVICA or from the underlying
maternal condition.
Females and Males of Reproductive Potential: Pregnancy Testing: Conduct
pregnancy testing in females of reproductive potential prior to initiating
IMBRUVICA therapy.
Contraception: Females: Advise females of reproductive potential to avoid
pregnancy while taking IMBRUVICA and for up to 1 month after ending
treatment. If this drug is used during pregnancy or if the patient becomes
pregnant while taking this drug, the patient should be informed of the
potential hazard to a fetus.
Males: Advise men to avoid fathering a child while receiving IMBRUVICA,
and for 1 month following the last dose of IMBRUVICA.
Pediatric Use: The safety and effectiveness of IMBRUVICA in pediatric
patients has not been established.
Geriatric Use: Of the 1,124 patients in clinical studies of IMBRUVICA, 64% were
≥ 65 years of age, while 23% were ≥75 years of age. No overall differences in
effectiveness were observed between younger and older patients. Anemia
(all grades), pneumonia (Grade 3 or higher), thrombocytopenia, hypertension,
and atrial fibrillation occurred more frequently among older patients treated
with IMBRUVICA.
Hepatic Impairment: Avoid use of IMBRUVICA in patients with severe
hepatic impairment (Child-Pugh class C). The safety of IMBRUVICA has not
been evaluated in patients with mild to severe hepatic impairment by ChildPugh criteria.
Dose modifications of IMBRUVICA are recommended in patients with
mild or moderate hepatic impairment (Child-Pugh class A and B). Monitor
patients for adverse reactions of IMBRUVICA closely [see Dosage and
Administration (2.5) and Clinical Pharmacology (12.3) in Full Prescribing
Information].
Plasmapheresis: Management of hyperviscosity in WM patients may
include plasmapheresis before and during treatment with IMBRUVICA.
Modifications to IMBRUVICA dosing are not required.

PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Patient
Information).
• Hemorrhage: Inform patients of the possibility of bleeding, and to report any
signs or symptoms (severe headache, blood in stools or urine, prolonged
or uncontrolled bleeding). Inform the patient that IMBRUVICA may need
to be interrupted for medical or dental procedures [see Warnings and
Precautions].
• Infections: Inform patients of the possibility of serious infection, and
to report any signs or symptoms (fever, chills, weakness, confusion)
suggestive of infection [see Warnings and Precautions].
• Cardiac Arrhythmias: Counsel patients to report any signs of palpitations,
lightheadedness, dizziness, fainting, shortness of breath, and chest
discomfort [see Warnings and Precautions].
• Hypertension: Inform patients that high blood pressure has occurred
in patients taking IMBRUVICA, which may require treatment with antihypertensive therapy [see Warnings and Precautions].
• Second primary malignancies: Inform patients that other malignancies have
occurred in patients who have been treated with IMBRUVICA, including
skin cancers and other carcinomas [see Warnings and Precautions].
• Tumor lysis syndrome: Inform patients of the potential risk of tumor lysis
syndrome and to report any signs and symptoms associated with this event
to their healthcare provider for evaluation [see Warnings and Precautions].
• Embryo-fetal toxicity: Advise women of the potential hazard to a fetus and
to avoid becoming pregnant during treatment and for 1 month after the last
dose of IMBRUVICA [see Warnings and Precautions].
• Inform patients to take IMBRUVICA orally once daily according to their
physician’s instructions and that the oral dosage (capsules or tablets)
should be swallowed whole with a glass of water without opening, breaking
or chewing the capsules or cutting, crushing or chewing the tablets
approximately the same time each day [see Dosage and Administration
(2.1) in Full Prescribing Information].
• Advise patients that in the event of a missed daily dose of IMBRUVICA, it
should be taken as soon as possible on the same day with a return to the
normal schedule the following day. Patients should not take extra doses
to make up the missed dose [see Dosage and Administration (2.6) in Full
Prescribing Information].
• Advise patients of the common side effects associated with IMBRUVICA
[see Adverse Reactions]. Direct the patient to a complete list of adverse
drug reactions in PATIENT INFORMATION .
• Advise patients to inform their health care providers of all concomitant
medications, including prescription medicines, over-the-counter drugs,
vitamins, and herbal products [see Drug Interactions].
• Advise patients that they may experience loose stools or diarrhea and
should contact their doctor if their diarrhea persists. Advise patients to
maintain adequate hydration [see Adverse Reactions].
Active ingredient made in China.
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Checkpoint Combinations Hold Potential
for Enhancing Responses in mTNBC
by DARCY LEWIS

THE NUMBER OF AGENTS
that clinicians can
combine with immunotherapy in metastatic
triple-negative breast
cancer (mTNBC) has
grown rapidly, said Rita
RITA NANDA, MD
Nanda, MD, in a presentation at the 2019 Lynn
Sage Breast Cancer Symposium.1 Potential
nontaxane-based chemotherapy backbones
include PARP and MEK inhibitors, and
recent trials of these agents in combination
with checkpoint inhibitors have delivered
exciting results, she said.
As monotherapies, immune checkpoint
inhibitors (ICIs) have achieved modest
response rates in breast cancer trials,
Nanda said. In the KEYNOTE-086 trial, the
objective response rate (ORR) was 23% in
patients with mTNBC who received frontline pembrolizumab (Keytruda). In a trial of
frontline atezolizumab (Tecentriq) as monotherapy in mTNBC, the ORR was 26%, she
noted. Second-line therapy ORRs with these
agents were 4.7% and 6.8%, respectively.1
ICIs also have diminishing rates of
effectiveness, said Nanda, an associate
professor of medicine and director of the
Breast Oncology Program at University
of Chicago Medicine in Illinois. “In terms
of monotherapy for metastatic TNBC, for
patients who get a frontline checkpoint
inhibitor, the ORR is around 25%, but ORR
drops to around 5% in the second-line–plus
setting. What we’ve learned from some of
the initial studies is that line of therapy
matters,” she noted.
Further, frontline ORR with ICIs is
comparable to that obtained via chemotherapy, said Nanda, adding that responses
are more durable with atezolizumab or
pembrolizumab when patients are stratified by PD-L1 status. Additionally, higher
response rates are seen in patients
with higher levels of tumor-infiltrating
lymphocytes who receive atezolizumab
monotherapy, she said (TABLE).2,3

TA B L E . H I G H E R T I L L E V E L S R E S U LT I N
H I G H E R R E S P O N S E R AT E S I N m T N B C 2 , 3

Atezolizumab monotherapy
CR/PR

SD

TILs >10% (n = 53)

13%

19%

TILs ≤10% (n = 55)

7%

7%

TILs >10% (n = 53)

19%

21%

TILS ≤10% (n = 55)

9%

13%

Recist v1.1

irRC

Survival
mOS
TILs >10% (n = 56)

12.6 months

TILS ≤10% (n = 53)

6.6 months

CR indicates complete response; irRC, immune-related response
criteria; mOS, median overall survival;
mTNBC, metastatic triple-negative breast cancer; PR, partial response; SD, stable disease; TILs, tumor-infiltrating lymphocytes.

Therefore, use of ICIs in combination with
other treatment modalities has potential to
improve conditions in the tumor microenvironment for an enhanced antitumor immune
response, Nanda said. “Not all mechanisms of
cell death are the same,” she added.
Results of preclinical studies have
shown that most chemotherapy drugs exert
immunostimulatory effects by inhibiting
immunosuppressive cells, activating effector cells, and increasing immunogenicity
and T-cell infiltration.4
Synergy was observed with a combination of the chemotherapy nab-paclitaxel
(Abraxane) and the immunotherapy atezolizumab in the IMpassion130 trial, which
compared nab-paclitaxel with and without
atezolizumab in patients with metastatic
or locally advanced, inoperable TNBC.5
Patients were stratified by prior taxane
use, the presence or absence of liver metastases, and PD-L1 status (positive [≥1%]
vs negative [<1%]). The co-primary end
points were progression-free survival (PFS)
and overall survival (OS) in the intention-to-treat (ITT) and PD-L1–positive
populations. Investigators also evaluated
ORR and duration of response as secondary
efficacy end points.

In the ITT population, the median PFS was
7.2 months in the atezolizumab plus nabpaclitaxel group compared with 5.5 months
in the placebo group (HR, 0.80; 95% CI, 0.690.92; P = .002). In the ITT population, the
median OS was 21.3 months in the atezolizumab cohort versus 17.6 months for placebo
(HR, 0.84; 95% CI, 0.69-1.02; P = .084).
The results were comparable in the
PD-L1–positive group. The median PFS
was 7.5 months in the experimental group
versus 5.0 months in the control group
(HR, 0.62; 95% CI, 0.49-0.78; P <.0001).
The median OS for the atezolizumab group
was 25.0 months versus 15.5 months in the
placebo group (HR, 0.62; 95% CI, 0.45-0.86).
Currently, the atezolizumab/nab-paclitaxel combination is approved by the FDA
for the frontline treatment of patients with
unresectable, locally advanced, or metastatic PD-L1–positive TNBC. Clinicians can
improve the accuracy of patient selection
for atezolizumab by using the indicated
assay, Nanda said. “PD-L1 is not a perfect
biomarker, and the current testing has challenges, which is why clinicians should only
use the Ventana SP142 assay.”
Trials with nontaxane chemotherapy backbones also appear promising,
Nanda said, especially those that use antibody-drug conjugates.
Nanda noted that PARP inhibition may
enhance immune surveillance—immune
system recognition and destruction of
tumor cells through multiple mechanisms,
stimulating cell death, mediated inflammation and increased neoantigen load.
Evidence of the value of a PARP inhibitor in this setting came from the TOPACIO
phase I/II trial (NCT02657889), which
combined the PARP inhibitor niraparib (Zejula) with the checkpoint inhibitor
pembrolizumab in advanced TNBC.6 In this
trial, which included 47 evaluable patients
with a variety of homologous recombination
repair (HRR) and other DNA damage repair
(DDR) mutations, 19 (40%) patients derived
clinical benefit from the regimen. This
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included 10 patients with a BRCA1/2 mutations, 8 with no BRCA1/2 mutations, and
4 with other mutations in HRR/DDR.
NanoString profiling by TOPACIO investigators revealed 36 genes that were
differentially expressed in patients with
clinical benefit (P <.05), Nanda said. “It was
also noteworthy that PD-1 expression, but
not PD-L1 expression, was associated with
clinical benefit,” she said.
Other findings of note from TOPACIO
were that “those with clinical benefit had
higher T cell–inflamed GEP [gene expression profile] and those with benefit had
higher T cell–inflamed GEP regardless of
mutation status,” Nanda added.
Another promising means of countering
tumor activity is offered by MEK inhibitors,
Nanda said. MEK inhibitors can modulate
intracellular signaling that leads to tumor
cell proliferation. In TNBC, these agents
can overcome suppressed inflammatory
response to T cells, including reduced antigen presentation and decreased PD-L1
expression. “Combining a MEK inhibitor
with anti–PD-1/PD-L1 agents may improve
antigen presentation and block PD-L1–
mediated suppression,” she said.
One trial that explored this strategy was
the phase II COLET study, which evaluated

atezolizumab in combination with MEK
inhibitor cobimetinib (Cotellic) plus either
paclitaxel or nab-paclitaxel as first-line
treatment in advanced TNBC.7 COLET’s
primary end point was ORR.
Across the entire patient population,
the response rate was 39% (12 of 31) for
PD-L1–positive patients and 20% (4 of 20)
for the PD-L1–negative group. In the paclitaxel group, 44% (7 of 16) of patients with
PD-L1–positive disease responded versus
11% (1 of 9) of PD-L1–negative patients. In
the nab-paclitaxel group, 33% (5 of 15) of
PD-L1–positive patients responded versus
27% (3 of 11) of PD-L1–negative patients.
Nanda concluded that the potential
for effective combinations that enhance
the value of immunotherapy agents
in mTNBC is huge. “We’re seeing that
everything can be combined with immunotherapy,” she said. “We’re also learning
that moving treatment to the early-stage
setting is critical.”
Future strategies that are worth investigating include combining multiple
checkpoint inhibitors or targeted agents
(such as regimens including PARP and MEK
inhibitors). Further, PD-1/PD-L1 inhibition
combined with radiotherapy could also be a
fruitful avenue, Nanda said. n
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Dual Targeted Therapy Could Yield Best Results
for De-escalating Chemotherapy
by DARCY LEWIS

C. KENT
OSBORNE, MD

AS MORE BECOMES known
about the biology of HER2positive early breast cancer,
a multipronged strategy
is emerging as the best
approach regarding deescalating chemotherapy in this patient
population, according to C.

Kent Osborne, MD.1
Osborne, who delivered the annual Lynn Sage
Distinguished Lecture during the 2019 Lynn
Sage Breast Cancer Symposium, said that the
key to successful de-escalation will be based on
the fact that HER2-positive breast cancer is both
clinically and molecularly heterogeneous.
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Oncogene addiction, in which a cancer
cell is driven by a single powerful driver
pathway, is an aspect of this cancer that
needs to be better understood, he said.
“Other redundant survival pathways
become inactive because they are not
needed and potent inhibition of this driver
pathway should kill the cell,” said Osborne,
director of the Dan L. Duncan Comprehensive
Cancer Center at Baylor College of Medicine
in Houston, Texas.
In addressing the question of whether
chemotherapy can be de-escalated or eliminated in tumors strongly driven by a single
pathway, Osborne noted that HER pathways
1, 3, and 4 are also active in HER2-positive

disease. Additionally, when clinicians
assess HER2 expression for guiding clinical
decisions, it’s important to remember that
most of the studies that led to the current
guidelines included the combination of trastuzumab (Herceptin), which targets HER2,
plus chemotherapy.
Osborne noted that trastuzumab blocks
HER2 dimers and induces apoptosis;
however, it creates an incomplete blockage
of the pathway involving the HER receptors.
The targeted therapies lapatinib (Tykerb),
neratinib (Nerlynx), and afatinib (Gilotrif)
create a complete blockade of all the HER
receptors, he said.
On the issue of growth factor receptors
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and estrogen receptor (ER) “crosstalk,”
Osborne reminded colleagues that EGFR
and HER2 decrease ER—and that blocking
EGFR and HER2 increases ER.
“Additionally, ER decreases EGFR and
HER2 and blocking ER increases EGFR and
HER2,” he said. “We need to block both
receptors for optimal therapy because antiHER2 monotherapy only partially and
temporarily inhibits tumor growth, and the
ER pathway can provide alternative signaling to evade HER2 inhibition.”

PAIRING TARGETED THERAPIES
Osborne discussed findings from several
trials that explored dual-targeted therapy in the presence of chemotherapy. In
the NeoSphere and Neo ALTTO2 trials
in the neoadjuvant setting, the use of
dual-targeted therapy improved pathological complete response (pCR) rates.
In NeoSphere, the pCR rate was 45.8%
in patients who received pertuzumab
(Perjeta), which targets the dimerization
domain of HER2, along with trastuzumab
and docetaxel and 29.0% among those who
received trastuzumab and docetaxel
(P = .014). Investigators concluded that
5-year follow-up data supported the addition of neoadjuvant pertuzumab to the
standard of care.3 In Neo ALTTO, the pCR
was 51.3% with trastuzumab plus lapatinib
and paclitaxel versus 29.5% for trastuzumab
plus paclitaxel.2
By contrast, results of the APHINITY
and ALTTO trials in the adjuvant setting
were largely negative, Osbourne said.
In APHINITY,4 patients who received
pertuzumab plus standard adjuvant
chemotherapy and trastuzumab had an
estimated 3-year rate of invasive disease–
free survival (DFS) of 94.1% versus 93.3%
among those who had standard therapy plus
placebo (P = .045).
In ALTTO, the DFS rates for patients
who received physician’s choice of chemotherapy with lapatinib plus trastuzumab,
trastuzumab followed by lapatinib, or
trastuzumab alone were 85%, 84%, and
82%, respectively.5
“They were not adjuvant validation tests
of NeoSphere and Neo ALTTO [because of
the] totally different chemotherapy regimens being used,” he said. “And, the

effect of dual-targeted therapy is less
when it is combined with more aggressive
chemotherapy, which is also effective in
HER2-positive tumors.”
Keep in mind, Osborne said, that 20%
to 35% of patients with large tumors
have pCR without also receiving chemotherapy, and that the pCR rate increases
to 50% when chemotherapy is added to
dual-targeted therapy.
“Remember that we currently have no
long-term outcome data,” he said. “Further,
patient selection will be critical for further
study to determine whether these patients
need chemotherapy at all and whether we
can accurately identify truly HER2 oncogene-addicted tumors.”

We currently have no
long-term outcome data.
[Patient] selection will be
critical for further study to
determine whether these
patients need chemotherapy
at all.”

• Loss of the target (p95HER2)
• Mechanical blockade of the target
by mucins so that trastuzumab can’t
bind to receptors
• Reactivation of the HER pathway by other
family members, their ligands, or other
receptors in the case of incomplete blockade of the HER family
• Activating mutation in HER2 itself

TOOLS TO PREDICT RESPONSE
Osborne and colleagues are working
to construct a molecular classifier that
predicts response to anti-HER2 therapy
without chemotherapy. This work, which
is funded by a US Department of Defense
grant, will use pooled samples from 300
patients in the United States and Europe.
Factors to be considered include gene
protein assay; intrinsic subtype/ERBB2
mRNA; PTEN; PIK3CA mutations; tumorinfiltrating lymphocytes and multispectral
phenotyping; and DNA and RNA sequencing. The investigators plan to conduct a
de-escalation clinical trial to test a molecular triage approach. n
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CLINICAL TRIAL IN FOCUS

Novel Therapy May Boost Efficacy
of Chemotherapy Backbone in mCRC
by RACHEL NAROZNIAK, MA

CAN THE NOVEL AGENT arfolitixorin
supplant leucovorin calcium, a widely
used component of combination regimens
for patients with metastatic colorectal
cancer (mCRC)? Investigators are seeking to answer that question in a phase III
trial now underway.
The AGENT study (NCT03750786) is
testing arfolitixorin in combination with
5-fluorouracil (5-FU) and oxaliplatin—or
ARFOX, as the experimental regimen is
called—versus modified FOLFOX-6 (folinic
acid, 5-FU, and oxaliplatin) as first-line
therapy for patients with unresectable
mCRC. Participants in both arms also will
receive bevacizumab (Avastin) (FIGURE).1
Leucovorin is an active metabolite of
the folinic acid that modulates 5-FU, facilitating the cytotoxic agent’s inhibition
of thymidylate synthase and subsequent
disruption of DNA synthesis and repair,
thus promoting tumor cell death.1 However,
leucovorin is a pro-drug that needs to
be metabolically activated to (6R)-5,10methylenetetrahydrofolic acid (MTHF) to
have a therapeutic effect.2
Arfolitixorin is also a folate, and is the
biologically active form of MTHF that does
not require multistep metabolic activation, which suggests that it could be more
effective than leucovorin in combination
therapy. AGENT investigators hypothesize
that arfolitixorin may also confer benefit
to a larger proportion of patients, particularly those who have limited metabolizing

capability as a result
of low expression of
folate-activating genes.1-3
“In the 1980s it was found
that 5-FU’s activity can be
made a little bit better by
giving it with leucovorin.
HOWARD S.
This study is investigating
HOCHSTER, MD
whether or not arfolitixorin can better modulate 5-FU,” Howard S.
Hochster, MD, an AGENT investigator, said in
an interview with OncologyLive®.
“Arfolitixorin is a more specific
compound,” noted Hochster, who is associate director for clinical research and
director of gastrointestinal oncology at
Rutgers Cancer Institute in New Brunswick,
New Jersey. “Hopefully, by using arfolitixorin, we will have more activity for 5-FU
and this regimen.”
Investigators are seeking to recruit at
least 440 participants at sites in the United
States, Canada, Western Europe, and Japan.
The primary end point of the parallel-group
study is objective response rate (ORR).
Secondary end points are progression-free
survival (PFS) and duration of response.

EARLY SIGNS OF EFFICACY
Hochster said that the rationale for AGENT
derives not only from arfolitixorin’s mechanism of action but also from early-phase
study findings that “suggest that [the agent]
has a higher response rate and is more active”
than leucovorin when given with 5-FU.

F I G U R E . A R F O X W I T H B E VA C I Z U M A B I N A D VA N C E D C R C
PHASE III AGENT TRIAL

Eligibility Criteria

Experimental arm:
ARFOX and bevacizumab
N = 440

• Colorectal adenocarcinoma verified by biopsy.
• Biopsy from primary tumor or metastasis for tumor
gene expression analysis.
• Non-resectable mCRC planned for first-line therapy
with 5-FU, oxaliplatin, and bevacizumab.
• ≥1 measurable lesion of metastatic disease obtained
within 28 days of randomization.
• ECOG performance status of 0 or 1.

End points:
Primary
ORR

Control arm:
mFOLFOX-6 and bevacizumab

Secondary
PFS, DOR

ARFOX indicates arfolitixorin plus 5-fluorouracil (5-FU) and oxaliplatin; CRC, colorectal cancer; DOR, duration of response; m, metastatic;
mFOLFOX-6, modified leucovorin plus 5-FU and oxaliplatin; ORR, overall response rate; PFS, progression-free survival.
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Arfolitixorin demonstrated promising
activity in initial results from the ongoing
phase I/II ISO-CC-005 trial (NCT02244632)
presented at the 2018 Gastrointestinal
Cancers Symposium. The study assessed
the safety and tolerability of the agent at
4 dose levels (30 mg/m 2, 60 mg/m 2, 120
mg/m 2, and 240 mg/m 2) with 5-FU alone,
with 5-FU plus oxaliplatin in 2 different regimens, with 5-FU plus irinotecan,
and with 5-FU plus oxaliplatin plus
bevacizumab. Arfolitixorin was administered every 2 weeks for ≥4 cycles
of chemotherapy.
At the time of the presentation, 54 patients
with mCRC had been treated in the study,
which spanned the first to fifth lines of therapy. Arfolitixorin was given every 2 weeks
for ≥4 cycles of chemotherapy.
After 8 weeks of treatment, 12 patients
were assessed for efficacy. Half of the evaluable patients (6) had a partial response (PR)
and 6 had stable disease. All patients (5) who
received arfolitixorin at ≥60 mg/m2 with
5-FU and either irinotecan or oxaliplatin had
a PR. No tumor progression occurred between
week 8 and week 16 for any of the patients in
the first line, investigators said. Among all
participants, 25 serious adverse events were
reported in 16 patients, none of which were
considered to be related solely to arfolitixorin.
“For patients with reduced metabolizing
capability of leucovorin, arfolitixorin might
lead to greater therapeutic effect as well
as improved toxicity profile,” investigators
said in their conference poster.3
The dose definition part of ISO-CC-005
concluded in March 2018, when investigators selected arfolitixorin at 120 mg/m 2
as the continued study dose, according to
Isofol Medical AB, a biotechnology company
based in Gothenburg, Sweden, that is developing arfolitixorin.4
In January 2019, the company reported
new findings from a group of 19 patients
with mCRC who were treated in the first-line
setting. Almost half (47%; 9 of 19) of these

CLINICAL TRIAL IN FOCUS
Any improvement to the standard
approach that the use of arfolitixorin might
yield will “hopefully lead to more tumor
shrinkage and more opportunities for cures
by surgical resection,” Hochster added.
An interim analysis of ORR and PFS
will be performed after 330 patients have
been treated for ≥16 weeks. If the findings
are positive, the trial could be expanded
to include an additional 220 patients, for
a total enrollment of 660, Isofol said. The
company expects to complete AGENT
during 2021.7 n

patients showed early tumor shrinkage,
which was defined as a reduction of >30% in
tumor size from baseline.5
Results from a preliminary response
assessment of these patients, released in
May 2019, indicated a best ORR of 58%
(11 out of 19 patients).6 Best ORR was
defined as a reduction of >30% in tumor
size from baseline. Patients were treated
for 8 to 32 weeks.

BROADENING THE
TREATMENT PORTFOLIO
Although there have been therapeutic
advancements in the mCRC field in recent
years, there is a need to further improve
outcomes, Hochster said. He noted that
median survival with 5-FU with leucovorin was only 1 year when the regimen
was introduced.
“With the addition of multiple new drugs,
median survival is out to 36 months—to 40
months—but even though patients are living
much longer than they did when we just
had 5-FU, we still don’t cure a lot of these
patients,” Hochster said.
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BESPONSA™ (inotuzumab ozogamicin) is indicated for the treatment of adults
with relapsed or refractory B-cell precursor acute lymphoblastic leukemia (ALL)

AIM FOR DEEP

REMISSION

Deep remission refers to MRD-negative
remission, defined in the INO-VATE
ALL study as leukemic cells
comprising <1 x 10-4 of bone
marrow nucleated cells per
flow cytometry.1

The efficacy of BESPONSA was established on the basis of CR (35.8% [39/109; 95%
CI, 26.8-45.5] with BESPONSA vs 17.4% [19/109; 95% CI, 10.8-25.9] with SC), the
duration of CR (8.0 months [95% CI, 4.9-10.4] with BESPONSA vs 4.9 months [95%
CI, 2.9-7.2] with SC), and the proportion of MRD-negative CR (89.7% [35/39; 95% CI,
75.8-97.1] with BESPONSA vs 31.6% [6/19; 95% CI, 12.6-56.6] with SC) in the first 218
randomized patients.1

IMPORTANT SAFETY INFORMATION
WARNING: HEPATOTOXICITY, INCLUDING HEPATIC VENO-OCCLUSIVE
DISEASE (VOD) (ALSO KNOWN AS SINUSOIDAL OBSTRUCTION SYNDROME)
and INCREASED RISK OF POST–HEMATOPOIETIC STEM CELL TRANSPLANT
(HSCT) NON-RELAPSE MORTALITY (NRM):
• Hepatotoxicity, including fatal and life-threatening VOD, occurred in
patients who received BESPONSA. The risk of VOD was greater in
patients who underwent HSCT after BESPONSA treatment. The use of
HSCT conditioning regimens containing 2 alkylating agents and last total
bilirubin ≥ upper limit of normal (ULN) before HSCT were significantly
associated with an increased risk of VOD
• Other risk factors for VOD in patients treated with BESPONSA included
ongoing or prior liver disease, prior HSCT, increased age, later salvage lines,
and a greater number of BESPONSA treatment cycles
• Elevation of liver tests may require dosing interruption, dose reduction,
or permanent discontinuation of BESPONSA. Permanently discontinue
treatment if VOD occurs. If severe VOD occurs, treat according to standard
medical practice
• There was a higher post-HSCT non-relapse mortality rate in patients receiving
BESPONSA, resulting in a higher Day 100 post-HSCT mortality rate
Hepatotoxicity, Including Hepatic VOD: Hepatotoxicity, including fatal and lifethreatening VOD, occurred in 23/164 patients (14%) during or following treatment
with BESPONSA or following subsequent HSCT. VOD was reported up to 56 days
after the last dose during treatment or follow-up without an intervening HSCT. The
median time from HSCT to onset of VOD was 15 days.
Patients with prior VOD or serious ongoing liver disease are at an increased risk of
worsening liver disease, including development of VOD, following treatment with
BESPONSA. Monitor closely for signs and symptoms of VOD; these may include

elevations in total bilirubin, hepatomegaly (which may be painful), rapid weight
gain, and ascites. For patients proceeding to HSCT, the recommended duration of
treatment with BESPONSA is 2 cycles. A third cycle may be considered for patients
who do not achieve a CR or CRi and MRD-negativity after 2 cycles. Monitor liver
tests closely during the first month post HSCT, then less frequently thereafter,
according to standard medical practice.
Grade 3/4 increases in aspartate aminotransferase, alanine aminotransferase,
and total bilirubin occurred in 7/160 (4%), 7/161 (4%), and 8/161 (5%) patients,
respectively.
Increased Risk of Post-HSCT Non-Relapse Mortality (NRM): There was a higher
post-HSCT NRM rate in patients receiving BESPONSA, resulting in a higher Day
100 post-HSCT mortality rate. The rate of post-HSCT NRM was 31/79 (39%) with
BESPONSA and 8/35 (23%) with investigator’s choice of chemotherapy. In the
BESPONSA arm, the most common causes of post-HSCT NRM included VOD and
infections. Monitor closely for toxicities post HSCT, including signs and symptoms
of infection and VOD.
Myelosuppression: Myelosuppression, and severe, life-threatening, and fatal
complications of myelosuppression, including hemorrhagic events and infections,
have occurred with BESPONSA. Thrombocytopenia and neutropenia were reported
in 83/164 patients (51%) and 81/164 patients (49%), respectively. Febrile neutropenia
was reported in 43/164 patients (26%).
Monitor complete blood counts prior to each dose of BESPONSA and
monitor for signs and symptoms of infection, bleeding/hemorrhage, or other effects
of myelosuppression during treatment and provide appropriate management. As
appropriate, administer prophylactic anti-infectives during and after treatment
with BESPONSA. Dose interruption, dose reduction, or permanent discontinuation
may be required.

In the INO-VATE ALL study, more patients achieved MRD-negative complete
remission and proceeded to HSCT after CD22-directed treatment with BESPONSA1,2

Median OS in patients treated with BESPONSA was 7.7 months (95% CI, 6.0-9.2) vs 6.2 months
(95% CI, 4.7-8.3) in patients treated with SC (HR=0.75; P=0.0105).b The analysis of OS did not meet
a prespecified boundary for statistical significance of P=0.0104.1,2
The most common (≥2%) serious adverse events were infection, febrile neutropenia, hemorrhage, abdominal pain,
pyrexia, VOD, and fatigue1,2
Study design: INO-VATE ALL was a Phase 3, open-label, randomized (1:1) study of BESPONSA vs investigator’s choice of SC in 326 adult
patients with relapsed or refractory B-cell precursor ALL. SC included FLAG, HiDAC, or Ara-C + MXN. All patients were required to have ≥5%
bone marrow blasts and to have received 1 or 2 previous induction chemotherapy regimens for ALL. Patients with Ph+ B-cell precursor ALL
were required to have failed treatment with ≥1 TKI and SC. Single-agent BESPONSA was given by 1-hour IV infusion in 3 fractionated doses
at 1.8 mg/m2 each 3- to 4-week cycle, reduced to 3 fractionated doses at 1.5 mg/m2 per cycle after achieving CR/CRi, for up to 6 cycles. For
patients proceeding to HSCT, the recommended treatment duration with BESPONSA is 2 cycles. Patients who do not achieve
a CR or CRi within 3 cycles should discontinue treatment.1,3
Ara-C + MXN=cytarabine + mitoxantrone; CI=confidence interval; CR=complete remission; CRi=CR with incomplete hematologic recovery;
FLAG=fludarabine, Ara-C, and granulocyte colony-stimulating factor; HiDAC=high-dose cytarabine; HR=hazard ratio; HSCT=hematopoietic stem cell
transplant; MRD=minimal residual disease; OS=overall survival; Ph+=Philadelphia chromosome–positive; SC=standard chemotherapy; TKI=tyrosine
kinase inhibitor; VOD=hepatic veno-occlusive disease. Response assessments were performed in the first 218 patients randomized, and survival analyses were
completed in the full study population of 326 patients.
a
1-sided P value using chi-square test.
b
1-sided P value using log-rank test.

Learn more at BesponsaHCP.com
Infusion-Related Reactions: Infusion-related reactions (all Grade 2) were reported in
4/164 patients (2%). Premedicate with a corticosteroid, antipyretic, and antihistamine
prior to dosing. Monitor patients closely during and for at least 1 hour after the end of
the infusion for the potential onset of infusion-related reactions including symptoms
such as fever, chills, rash, or breathing problems. Interrupt the infusion and institute
appropriate medical management if an infusion-related reaction occurs. Depending
on the severity, consider discontinuation of the infusion or administration of steroids
and antihistamines. For severe or life-threatening infusion reactions, permanently
discontinue BESPONSA.
QT Interval Prolongation: Increases in QT interval corrected for heart rate using
Fridericia’s formula of ≥60 msec from baseline were measured in 4/162 patients
(3%). Administer BESPONSA with caution in patients who have a history of or
predisposition to QTc prolongation, who are taking medicinal products that are
known to prolong QT interval, and in patients with electrolyte disturbances.
Obtain electrocardiograms and electrolytes prior to treatment and after initiation
of any drug known to prolong QTc, and periodically monitor as clinically indicated
during treatment.
Embryo-Fetal Toxicity: BESPONSA can cause embryo-fetal harm. Apprise
pregnant women of the potential risk to the fetus. Advise males and females of
reproductive potential to use effective contraception during BESPONSA treatment
and for at least 5 and 8 months after the last dose, respectively. Advise women
to contact their healthcare provider if they become pregnant or if pregnancy is
suspected during treatment with BESPONSA.

Adverse Reactions: The most common (≥20%) adverse reactions observed
with BESPONSA were thrombocytopenia, neutropenia, infection, anemia,
leukopenia, fatigue, hemorrhage, pyrexia, nausea, headache, febrile neutropenia,
transaminases increased, abdominal pain, gamma-glutamyltransferase increased,
and hyperbilirubinemia. The most common (≥2%) serious adverse reactions
were infection, febrile neutropenia, hemorrhage, abdominal pain, pyrexia, VOD,
and fatigue.
Nursing Mothers: Advise women against breastfeeding while receiving
BESPONSA and for 2 months after the last dose.
INDICATION
BESPONSA is indicated for the treatment of adults with relapsed or refractory
B-cell precursor acute lymphoblastic leukemia (ALL).
Please see brief summary of full Prescribing Information, including
BOXED WARNING, on adjacent pages.
References: 1. BESPONSA Prescribing Informa tion. New York, NY: Pfizer

Inc. 2. Data on file. Pfizer Inc, New York, NY. 3. Kantarjian HM, DeAngelo DJ, Stelljes
M,et al. Inotuzumab ozogamicin versus standard therapy for acute lymphoblastic
leukemia. N Engl J Med. 2016;375(8):740-753.
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Brief Summary of Prescribing Information
WARNING: HEPATOTOXICITY, INCLUDING HEPATIC VENO-OCCLUSIVE DISEASE (VOD)
(ALSO KNOWN AS SINUSOIDAL OBSTRUCTION SYNDROME and INCREASED RISK
OF POST-HEMATOPOIETIC STEM CELL TRANSPLANT (HSCT) NON-RELAPSE MORTALITY
HEPATOTOXICITY, INCLUDING VOD
• Hepatotoxicity, including fatal and life-threatening VOD occurred in patients with relapsed or
refractory acute lymphoblastic leukemia (ALL) who received BESPONSA. The risk of VOD was
greater in patients who underwent HSCT after BESPONSA treatment; use of HSCT conditioning
regimens containing 2 alkylating agents and last total bilirubin level ≥ upper limit of normal
(ULN) before HSCT were significantly associated with an increased risk of VOD.
• Other risk factors for VOD in patients treated with BESPONSA included ongoing or prior liver
disease, prior HSCT, increased age, later salvage lines, and a greater number of BESPONSA
treatment cycles.
• Elevation of liver tests may require dosing interruption, dose reduction, or permanent
discontinuation of BESPONSA. Permanently discontinue treatment if VOD occurs. If severe VOD
occurs, treat according to standard medical practice.
INCREASED RISK OF POST-HSCT NON-RELAPSE MORTALITY
• There was higher post-HSCT non-relapse mortality rate in patients receiving BESPONSA,
resulting in a higher Day 100 post-HSCT mortality rate.
1. INDICATIONS AND USAGE
BESPONSA is indicated for the treatment of adults with relapsed or refractory B-cell precursor ALL.
5. WARNINGS AND PRECAUTIONS
5.1 Hepatotoxicity, Including Hepatic VOD (also known as Sinusoidal Obstruction Syndrome [SOS])
In the INO-VATE ALL trial, hepatotoxicity, including severe, life-threatening, and sometimes fatal
hepatic VOD was observed in 23/164 patients (14%) in the BESPONSA arm during or following
treatment or following a HSCT after completion of treatment. VOD was reported up to 56 days after
the last dose during treatment or during follow-up without an intervening HSCT. The median time
from subsequent HSCT to onset of VOD was 15 days (range: 3-57 days). In the BESPONSA arm,
among the 79 patients who proceeded to a subsequent HSCT, VOD was reported in 18/79 patients
(23%), and among all 164 patients treated, VOD was reported in 5/164 patients (3%) during study
therapy or in follow-up without an intervening HSCT. The risk of VOD was greater in patients who
underwent HSCT after BESPONSA treatment; use of HSCT conditioning regimens containing 2
alkylating agents (e.g., busulfan in combination with other alkylating agents) and last total
bilirubin level ≥ ULN before HSCT are significantly associated with an increased risk of VOD. Other
risk factors for VOD in patients treated with BESPONSA included ongoing or prior liver disease, prior
HSCT, increased age, later salvage lines, and a greater number of BESPONSA treatment cycles.
Patients who have experienced prior VOD or have serious ongoing hepatic liver disease (e.g.,
cirrhosis, nodular regenerative hyperplasia, active hepatitis) are at an increased risk for worsening
of liver disease, including developing VOD, following treatment with BESPONSA. Monitor closely for
signs and symptoms of VOD; these may include elevations in total bilirubin, hepatomegaly (which
may be painful), rapid weight gain, and ascites. Due to the risk of VOD, for patients proceeding to
HSCT, the recommended duration of treatment with BESPONSA is 2 cycles; a third cycle may be
considered for those patients who do not achieve a CR or CRi and MRD negativity after 2 cycles. For
patients who proceed to HSCT, monitor liver tests closely during the first month post-HSCT, then
less frequently thereafter, according to standard medical practice. In the INO-VATE ALL trial,
increases in liver tests were reported. Grade 3/4 AST, ALT, and total bilirubin abnormal liver tests
occurred in 7/160 (4%), 7/161 (4%), and 8/161 patients (5%), respectively. In all patients, monitor liver
tests, including ALT, AST, total bilirubin, and alkaline phosphatase, prior to and following each dose
of BESPONSA. Elevations of liver tests may require dosing interruption, dose reduction, or
permanent discontinuation of BESPONSA. 5.2 Increased Risk of Post-Transplant Non-Relapse
Mortality In the INO-VATE ALL trial, a higher post-HSCT non-relapse mortality rate was observed
in patients receiving BESPONSA compared to the Investigator’s choice of chemotherapy arm
(standard chemotherapy [SC]), resulting in a higher Day 100 post-HSCT mortality rate. Overall,
79/164 patients (48%) in the BESPONSA arm and 35/162 patients (22%) in the SC arm had a
follow-up HSCT. The post-HSCT non-relapse mortality rate was 31/79 (39%) and 8/35 (23%) in the
BESPONSA arm compared to the SC arm, respectively. In the BESPONSA arm, the most common
causes of post-HSCT non-relapse mortality included VOD and infections. Five of the 18 VOD events
that occurred post-HSCT were fatal. In the BESPONSA arm, among patients with ongoing VOD at
time of death, 6 patients died due to multiorgan failure (MOF) or infection (3 patients died due to
MOF, 2 patients died due to infection, and 1 patient died due to MOF and infection). Monitor closely
for toxicities post-HSCT, including signs and symptoms of infection and VOD. 5.3 Myelosuppression
In the INO-VATE ALL trial, myelosuppression was observed in patients receiving BESPONSA.
Thrombocytopenia and neutropenia were reported in 83/164 patients (51%) and 81/164 patients
(49%), respectively. Grade 3 thrombocytopenia and neutropenia were reported in 23/164 patients
(14%) and 33/164 patients (20%), respectively. Grade 4 thrombocytopenia and neutropenia were
reported in 46/164 patients (28%) and 45/164 patients (27%), respectively. Febrile neutropenia,
which may be life-threatening, was reported in 43/164 patients (26%). For patients who were in
CR or CRi at the end of treatment, the recovery of platelets counts to > 50,000/mm3 was later than
45 days after the last dose in 15/164 patients (9%) who received BESPONSA and 3/162 patients
(2%) who received SC. Complications associated with myelosuppression (including infections
and bleeding/hemorrhagic events) were observed in patients receiving BESPONSA. Infections,
including serious infections, some of which were life-threatening or fatal, were reported in
79/164 patients (48%). Fatal infections, including pneumonia, neutropenic sepsis, sepsis, septic
shock, and pseudomonal sepsis, were reported in 8/164 patients (5%). Bacterial, viral, and

fungal infections were reported. Hemorrhagic events were reported in 54/164 patients (33%).
Grade 3 or 4 hemorrhagic events were reported in 8/164 patients (5%). One Grade 5 (fatal)
hemorrhagic event (intra-abdominal hemorrhage) was reported in 1/164 patients (1%). The
most common hemorrhagic event was epistaxis which was reported in 24/164 patients (15%).
Monitor complete blood counts prior to each dose of BESPONSA and monitor for signs and
symptoms of infection, bleeding/hemorrhage, or other effects of myelosuppression during
treatment with BESPONSA. As appropriate, administer prophylactic anti-infectives and employ
surveillance testing during and after treatment with BESPONSA. Management of severe
infection, bleeding/hemorrhage, or other effects of myelosuppression, including severe
neutropenia or thrombocytopenia, may require dosing interruption, dose reduction, or
permanent discontinuation of BESPONSA. 5.4 Infusion Related Reactions In the INO-VATE ALL
trial, infusion related reactions were observed in patients who received BESPONSA. Infusion related
reactions (all Grade 2) were reported in 4/164 patients (2%). Infusion related reactions generally
occurred in Cycle 1 shortly after the end of the BESPONSA infusion and resolved spontaneously or
with medical management. Premedicate with a corticosteroid, antipyretic, and antihistamine
prior to dosing. Monitor patients closely during and for at least 1 hour after the end of infusion
for the potential onset of infusion related reactions, including symptoms such as fever, chills,
rash, or breathing problems. Interrupt infusion and institute appropriate medical management
if an infusion related reaction occurs. Depending on the severity of the infusion related reaction,
consider discontinuation of the infusion or administration of steroids and antihistamines.
For severe or life-threatening infusion reactions, permanently discontinue BESPONSA.
5.5 QT Interval Prolongation In the INO-VATE ALL trial, increases in QT interval corrected for
heart rate using Fridericia’s formula (QTcF) of ≥ to 60 msec from baseline were measured in
4/162 patients (3%). No patients had QTcF values greater than 500 msec. Grade 2 QT
prolongation was reported in 2/164 patients (1%). No ≥ Grade 3 QT prolongation or events of
Torsade de Pointes were reported. Administer BESPONSA with caution in patients who have a
history of or predisposition for QTc prolongation, who are taking medicinal products that are
known to prolong QT interval, and in patients with electrolyte disturbances. Obtain
electrocardiograms (ECGs) and electrolytes prior to the start of treatment, after initiation of any
drug known to prolong QTc, and periodically monitor as clinically indicated during treatment.
5.6 Embryo-Fetal Toxicity BESPONSA can cause embryo-fetal harm when administered to a
pregnant woman. In animal studies, inotuzumab ozogamicin caused embryo-fetal toxicities,
starting at a dose that was approximately 0.4 times the exposure in patients at the maximum
recommended dose, based on the area under the concentration-time curve (AUC). Advise
females of reproductive potential to use effective contraception during treatment with
BESPONSA and for at least 8 months after the final dose of BESPONSA. Advise males with female
partners of reproductive potential to use effective contraception during treatment with
BESPONSA and for at least 5 months after the last dose of BESPONSA. Apprise pregnant women
of the potential risk to the fetus. Advise women to contact their healthcare provider if they
become pregnant or if pregnancy is suspected during treatment with BESPONSA.
6. ADVERSE REACTIONS
The following adverse reactions are discussed in greater detail in other sections of the label:
Hepatotoxicity, including hepatic VOD. Increased risk of post-transplant non-relapse mortality.
Myelosuppression. Infusion related reactions. QT interval prolongation 6.1 Clinical Trials
Experience Because clinical trials are conducted under widely varying conditions, adverse reaction
rates observed in the clinical trials of a drug cannot be directly compared to rates
in the clinical trials of another drug and may not reflect the rates observed in practice. The
adverse reactions described in this section reflect exposure to BESPONSA in 164 patients with
relapsed or refractory ALL who participated in a randomized clinical study of BESPONSA versus
SC (fludarabine + cytarabine + granulocyte colony-stimulating factor [FLAG], mitoxantrone +
cytarabine [MXN/Ara-C], or high dose cytarabine [HIDAC]) (INO-VATE ALL Trial [NCT01564784]).
Of the 164 patients who received BESPONSA, the median age was 47 years (range: 18-78 years),
56% were male, 68% had received 1 prior treatment regimen for ALL, 31% had received 2
prior treatment regimens for ALL, 68% were White, 19% were Asian, and 2% were Black.
In patients who received BESPONSA, the median duration of treatment was 8.9 weeks (range:
0.1-26.4 weeks), with a median of 3 treatment cycles started in each patient. In patients who
received SC, the median duration of treatment was 0.9 weeks (range: 0.1-15.6 weeks),
with a median of 1 treatment cycle started in each patient. In patients who received BESPONSA,
the most common (≥ 20%) adverse reactions were thrombocytopenia, neutropenia, infection,
anemia, leukopenia, fatigue, hemorrhage, pyrexia, nausea, headache, febrile neutropenia,
transaminases increased, abdominal pain, gamma-glutamyltransferase increased,
and hyperbilirubinemia. In patients who received BESPONSA, the most common
(≥ 2%) serious adverse reactions were infection, febrile neutropenia, hemorrhage, abdominal
pain, pyrexia, VOD, and fatigue. In patients who received BESPONSA, the most common
(≥ 2%) adverse reactions reported as the reason for permanent discontinuation were
infection (6%), thrombocytopenia (2%), hyperbilirubinemia (2%), transaminases increased
(2%), and hemorrhage (2%); the most common (≥ 5%) adverse reactions reported as the
reason for dosing interruption were neutropenia (17%), infection (10%), thrombocytopenia
(10%), transaminases increased (6%), and febrile neutropenia (5%); and the most common
(≥ 1%) adverse reactions reported as the reason for dose reduction were neutropenia (1%),
thrombocytopenia (1%), and transaminases increased (1%). VOD was reported in 23/164
patients (14%) who received BESPONSA during or following treatment or following a HSCT
after completion of treatment.
Adverse Reactions (All Grades [%]; ≥Grade 3 [%]) With ≥10% Incidencea in Patients With
Relapsed or Refractory B-Cell Precursor ALL Who Received BESPONSA (N=164) were infectionb
(48; 28), thrombocytopeniac (51; 42), neutropeniad (49; 48), anemiae (36; 24), leukopeniaf (35; 33),
febrile neutropenia (26; 26), lymphopeniag (18; 16), decreased appetite (12; 1), headacheh (28; 2),
hemorrhagei (33; 5), nausea (31; 2), abdominal painj (23; 3), diarrhea (17; 1), constipation (16; 0),
vomiting (15; 1), stomatitisk (13; 2), hyperbilirubinemia (21; 5), fatiguel (35; 5), pyrexia (32; 3),
chills (11; 0), transaminases increasedm (26; 7), gamma-glutamyltransferase increased (21; 10),
and alkaline phosphatase increased (13; 2).
(continued on next page)

Adverse Reactions (All Grades [%], ≥Grade 3 [%]) With ≥10% Incidencea in Patients With
Relapsed or Refractory B-Cell Precursor ALL Who Received SC (N=143n) were infectionb (76; 54),
thrombocytopeniac (61; 59), neutropeniad (45; 43), anemiae (59; 47), leukopeniaf (43; 42), febrile
neutropenia (53; 53), lymphopeniag (27; 26), decreased appetite (13; 2), headacheh (27; 1),
hemorrhagei (28; 5), nausea (46; 0), abdominal painj (23; 1), diarrhea (38; 1), constipation (24;
0), vomiting (24; 0), stomatitisk (26; 3), hyperbilirubinemia (17; 6), fatiguel (25; 3), pyrexia (42;
6), chills (11; 0), transaminases increasedm (13; 5), gamma-glutamyltransferase increased (8; 4), and
alkaline phosphatase increased (7; 0).
Adverse reactions included treatment-emergent all-causality events that commenced on or after Cycle 1 Day 1 within 42 days
after the last dose of BESPONSA, but prior to the start of a new anticancer treatment (including HSCT).
Preferred terms were retrieved by applying the Medical Dictionary for Regulatory Activities (MedDRA) version 18.1.
Severity grade of adverse reactions were according to NCI CTCAE version 3.0.
Abbreviations: N=number of patients; NCI CTCAE=National Cancer Institute Common Toxicity Criteria for Adverse Events.
a. Only adverse reactions with ≥10% incidence in the BESPONSA arm are included. b. Infection also includes any reported
preferred terms for BESPONSA retrieved in the System Organ Class Infections and infestations. c. Thrombocytopenia also
includes platelet count decreased. d. Neutropenia also includes the following reported preferred terms: neutrophil count
decreased. e. Anemia also includes hemoglobin decreased. f. Leukopenia also includes monocytopenia and white blood cell
count decreased. g. Lymphopenia also includes B-lymphocyte count decreased and lymphocyte count decreased.
h. Headache also includes migraine and sinus headache. i. Hemorrhage also includes terms retrieved in the Standard MedDRA
Query (narrow) for Hemorrhage terms (excluding laboratory terms), resulting in the following: Conjunctival hemorrhage,
Contusion, Ecchymosis, Epistaxis, Eyelid bleeding, Gastrointestinal hemorrhage, Gastritis hemorrhagic, Gingival bleeding,
Hematemesis, Hematochezia, Hematotympanum, Hematuria, Hemorrhage intracranial, Hemorrhage subcutaneous,
Hemorrhoidal hemorrhage, Intra-abdominal hemorrhage, Lip hemorrhage, Lower gastrointestinal hemorrhage, Mesenteric
hemorrhage, Metrorrhagia, Mouth hemorrhage, Muscle hemorrhage, Oral mucosa hematoma, Petechiae, Post-procedural
hematoma, Rectal hemorrhage, Shock hemorrhagic, Subcutaneous hematoma, Subdural hematoma, Upper gastrointestinal
hemorrhage, and Vaginal hemorrhage. j. Abdominal pain also includes abdominal pain lower, abdominal pain upper,
abdominal tenderness, esophageal pain, and hepatic pain. k. Stomatitis also includes aphthous ulcer, mucosal inflammation,
mouth ulceration, oral pain, and oropharyngeal pain. l. Fatigue also includes asthenia. m. Transaminases increased
also includes Aspartate aminotransferase increased, Alanine aminotransferase increased, Hepatocellular injury, and
Hypertransaminasemia. n. 19 patients randomized to FLAG, MXN/Ara-C, or HIDAC did not receive treatment.

Additional adverse reactions (all grades) that were reported in less than 10% of patients treated
with BESPONSA included: lipase increased (9%), abdominal distension (6%), amylase increased
(5%), hyperuricemia (4%), ascites (4%), infusion related reaction (2%; includes the following:
hypersensitivity and infusion related reaction), pancytopenia (2%; includes the following: bone
marrow failure, febrile bone marrow aplasia, and pancytopenia), tumor lysis syndrome (2%),
and electrocardiogram QT prolonged (1%).
Lab abnormalitiesa (N; All Grades [%]; Grade 3/4 [%]) in patients with relapsed or refractory B-Cell
precursor ALL who received BESPONSA were platelet count decreased (161; 98; 76), hemoglobin
decreased (161; 94; 40), leukocytes decreased (161; 95; 82), neutrophil count decreased (160; 94; 86),
lymphocytes (absolute) decreased (160; 93; 71), GGT increased (148; 67; 18), AST increased (160; 71;
4), ALP increased (158; 57; 1), ALT increased (161; 49; 4), blood bilirubin increased (161; 36; 5), lipase
increased (139; 32; 13), hyperuricemia (158; 16; 3), amylase increased (143; 15; 2).
Lab abnormalitiesa (N; All Grades [%]; Grade 3/4 [%]) in patients with relapsed or refractory B-Cell
precursor ALL who received SC were platelet count decreased (142; 100; 99), hemoglobin decreased
(142; 100; 70), leukocytes decreased (142; 99; 98), neutrophil count decreased (130; 93; 88),
lymphocytes (absolute) decreased (127; 97; 91), GGT increased (111; 68; 17), AST increased (134; 38;
4), ALP increased (133; 52; 3), ALT increased (137; 46; 4), blood bilirubin increased (138; 35; 6), lipase
increased (90; 20; 2), hyperuricemia (122; 11; 0), amylase increased (102; 9; 1).
Abbreviations: ALP=alkaline phosphatase; ALT=alanine aminotransferase; AST=aspartate aminotransferase;
GGT=gamma-glutamyltransferase.
a. Laboratory abnormalities were summarized up to the end of treatment + 42 days but prior to the start of a new anti-cancer therapy.

6.2 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 to inotuzumab ozogamicin in the
studies described below with the incidence of antibodies in other studies or to other products
may be misleading. In clinical studies of BESPONSA in patients with relapsed or refractory ALL,
the immunogenicity of BESPONSA was evaluated using an electrochemiluminescence (ECL)-based
immunoassay to test for anti-inotuzumab ozogamicin antibodies. For patients whose sera
tested positive for anti-inotuzumab ozogamicin antibodies, a cell-based luminescence assay
was performed to detect neutralizing antibodies. In clinical studies of BESPONSA in patients with
relapsed or refractory ALL, 7/236 patients (3%) tested positive for anti-inotuzumab ozogamicin
antibodies. No patients tested positive for neutralizing anti-inotuzumab ozogamicin antibodies.
In patients who tested positive for anti-inotuzumab ozogamicin antibodies, the presence of antiinotuzumab ozogamicin antibodies did not affect clearance following BESPONSA treatment.
7. DRUG INTERACTIONS
Drugs That Prolong the QT Interval Concomitant use of BESPONSA with drugs known to prolong
the QT interval or induce Torsades de Pointes may increase the risk of a clinically significant QTc
interval prolongation. Discontinue or use alternative concomitant drugs that do not prolong QT/
QTc interval while the patient is using BESPONSA. When it is not feasible to avoid concomitant use
of drugs known to prolong QT/QTc, obtain ECGs and electrolytes prior to the start of treatment, after
initiation of any drug known to prolong QTc, and periodically monitor as clinically indicated during
treatment.
8. USE IN SPECIFIC POPULATIONS
8.1 Pregnancy Risk Summary Based on its mechanism of action and findings from animal studies,
BESPONSA can cause embryo-fetal harm when administered to a pregnant woman. There are no
available data on BESPONSA use in pregnant women to inform a drug-associated risk of major
birth defects and miscarriage. In rat embryo-fetal development studies, inotuzumab ozogamicin
caused embryo-fetal toxicity at maternal systemic exposures that were ≥ 0.4 times the exposure in
patients at the maximum recommended dose, based on AUC. If this drug is used during pregnancy,
or if the patient becomes pregnant while taking this drug, advise the patient of the potential risk
to a fetus.

Adverse outcomes in pregnancy occur regardless of the health of the mother or the use of
medications. The estimated 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 are 2-4% and
15-20%, respectively. Data Animal Data In embryo-fetal development studies in rats, pregnant
animals received daily intravenous doses of inotuzumab ozogamicin up to 0.36 mg/m2 during
the period of organogenesis. Embryo-fetal toxicities including increased resorptions and fetal
growth retardation as evidenced by decreased live fetal weights and delayed skeletal ossification
were observed at ≥ 0.11 mg/m2 (approximately 2 times the exposure in patients at the maximum
recommended dose, based on AUC). Fetal growth retardation also occurred at 0.04 mg/m2
(approximately 0.4 times the exposure in patients at the maximum recommended dose, based
on AUC). In an embryo-fetal development study in rabbits, pregnant animals received daily
intravenous doses up to 0.15 mg/m2 (approximately 3 times the exposure in patients at the
maximum recommended dose, based on AUC) during the period of organogenesis. At a dose of
0.15 mg/m2, slight maternal toxicity was observed in the absence of any effects on embryo-fetal
development. 8.2 Lactation Risk Summary There are no data on the presence of inotuzumab
ozogamicin or its metabolites in human milk, the effects on the breastfed infant, or the effects
on milk production. Because of the potential for adverse reactions in breastfed infants, advise
women not to breastfeed during treatment with BESPONSA and for at least 2 months after the
last dose. 8.3 Females and Males of Reproductive Potential Pregnancy Testing Based on its
mechanism of action and findings from animal studies, BESPONSA can cause embryo-fetal harm
when administered to a pregnant woman. Verify the pregnancy status of females of reproductive
potential prior to initiating BESPONSA. Contraception Females Advise females of reproductive
potential to avoid becoming pregnant while receiving BESPONSA. Advise females of reproductive
potential to use effective contraception during treatment with BESPONSA and for at least 8 months
after the last dose. Males Advise males with female partners of reproductive potential to use
effective contraception during treatment with BESPONSA and for at least 5 months after the last
dose. Infertility Females Based on findings in animals, BESPONSA may impair fertility in females of
reproductive potential. Males Based on findings in animals, BESPONSA may impair fertility in males
of reproductive potential. 8.4 Pediatric Use Safety and effectiveness have not been established in
pediatric patients. 8.5 Geriatric Use In the INO-VATE ALL trial, 30/164 patients (18%) treated with
BESPONSA were ≥65 years of age. No differences in responses were identified between older and
younger patients. Based on a population pharmacokinetic analysis in 765 patients, no adjustment
to the starting dose is required based on age. 8.6 Hepatic Impairment Based on a population
pharmacokinetic analysis, the clearance of inotuzumab ozogamicin in patients with mild hepatic
impairment (total bilirubin ≤ ULN and AST > ULN, or total bilirubin > 1.0-1.5 x ULN and AST any
level; n=150) was similar to patients with normal hepatic function (total bilirubin/AST ≤ ULN; n=611).
In patients with moderate (total bilirubin > 1.5-3 x ULN and AST any level; n=3) and severe hepatic
impairment (total bilirubin > 3 x ULN and AST any level; n=1), inotuzumab ozogamicin clearance
did not appear to be reduced. No adjustment to the starting dose is required when administering
BESPONSA to patients with total bilirubin ≤ 1.5 x ULN and AST/ALT ≤ 2.5 x ULN. There is limited
safety information available in patients with total bilirubin > 1.5 x ULN and/or AST/ALT > 2.5 x ULN
prior to dosing. Interrupt dosing until recovery of total bilirubin to ≤ 1.5 x ULN and AST/ALT ≤ to 2.5
x ULN prior to each dose unless due to Gilbert’s syndrome or hemolysis. Permanently discontinue
treatment if total bilirubin does not recover to ≤ 1.5 x ULN or AST/ALT does not recover to ≤ 2.5 x ULN.
17. PATIENT COUNSELING INFORMATION
Hepatotoxicity, Including Hepatic VOD (also known as SOS) Inform patients that liver problems,
including severe, life-threatening, or fatal VOD, and increases in liver tests may develop during
BESPONSA treatment. Inform patients that they should seek immediate medical advice if they
experience symptoms of VOD, which may include elevated bilirubin, rapid weight gain, and
abdominal swelling that may be painful. Inform patients that they should carefully consider
the benefit/risk of BESPONSA treatment if they have a prior history of VOD or serious ongoing
liver disease. Increased Risk of Post-HSCT Non-Relapse Mortality Inform patients that there is
an increased risk of post-HSCT non-relapse mortality after receiving BESPONSA, that the most
common causes of post-HSCT non-relapse mortality included infection and VOD. Advise patients
to report signs and symptoms of infection. Myelosuppression Inform patients that decreased
blood counts, which may be life-threatening, may develop during BESPONSA treatment and that
complications associated with decreased blood counts may include infections, which may be lifethreatening or fatal, and bleeding/hemorrhage events. Inform patients that signs and symptoms
of infection, bleeding/hemorrhage, or other effects of decreased blood counts should be reported
during treatment with BESPONSA. Infusion Related Reactions Advise patients to contact their
health care provider if they experience symptoms such as fever, chills, rash, or breathing problems
during the infusion of BESPONSA. QT Interval Prolongation Inform patients of symptoms that may
be indicative of significant QTc prolongation including dizziness, lightheadedness, and syncope.
Advise patients to report these symptoms and the use of all medications to their healthcare
provider. Embryo-Fetal Toxicity Advise males and females of reproductive potential to use effective
contraception during BESPONSA treatment and for at least 5 and 8 months after the last dose,
respectively. Advise females of reproductive potential to avoid becoming pregnant while receiving
BESPONSA. Advise women to contact their healthcare provider if they become pregnant, or if
pregnancy is suspected, during treatment with BESPONSA. Inform the patient of the potential risk
to the fetus. Lactation Advise women against breastfeeding while receiving BESPONSA and for 2
months after the last dose.
This product’s label may have been updated. For current full prescribing information, please visit
www.BESPONSA.com.
This brief summary is based on BESPONSA™ (inotuzumab ozogamicin)
Prescribing Information LAB-0763-2.0
Revised March 2018.
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Immunotherapy Combo Delivers
Durable Responses in Cervical Cancer
by WAYNE KUZNAR

THE COMBINATION OF NIVOLUMAB (Opdivo)
and ipilimumab (Yervoy) appears to have
durable clinical activity in patients with
recurrent or metastatic (R/M) cervical cancer, according to findings from an
ongoing multicohort, phase I/II study.
Responses occurred regardless of tumor
PD-L1 expression.
The CheckMate 358
study tested 2 regimens
combining the immunotherapies nivolumab, a
PD-1 inhibitor, and ipilimumab, a CTLA-4 inhibitor.
The efficacy of the combiANA OAKNIN, MD
nations for recurrent/
metastatic (R/M) disease was superior
in patients who had not received prior
systemic therapy versus those who had
undergone systemic therapy, according to
Ana Oaknin, MD, a principal investigator at Vall d’Hebron Institute of Oncology
and head of the gynecologic tumors unit at
Vall d’Hebron University Hospital, both in
Barcelona, Spain.
“Very provocatively, across both regimens efficacy was better in patients
without prior systemic therapy,” Oaknin
said during the 2019 European Society
for Medical Oncology Annual Meeting.
“Additionally, responses were durable; at a
median follow-up of more than 10 months,
the median duration of response was not
reached for either regimen in patients without prior systemic therapy.”
Given the limited treatment options for
patients with R/M cervical cancer, “these
data with nivolumab plus ipilimumab are
of strong clinical interest and warrant
further investigation in this patient population,” said Oaknin.
In all, 91 patients with histologically
confirmed squamous cell carcinoma of the
cervix who had received 2 or fewer prior
systemic therapies for R/M disease were
randomized 1:1 to either nivolumab at
3 mg/kg every 2 weeks plus ipilimumab
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at 1 mg/kg every 6 weeks (nivo3 + ipi1) or
nivolumab at 1 mg/kg plus ipilimumab at
3 mg/kg, given every 3 weeks for 4 doses,
followed by nivolumab at 240 mg every
2 weeks (nivo1 + ipi3).
At the time of data lock, the median
follow-up was 10.7 months in the nivo3 +
ipi1 arm and 13.9 months in the nivo1 +
ipi3 arm. In the nivo3 + ipi1 arm, median
progression-free survival (PFS) was
13.8 months (95% CI, 2.1-not reached) in
the patients not previously treated with
systemic therapy for R/M disease and 3.6
months (95% CI, 1.9-5.1) in those with previous systemic therapy for R/M disease. At
6 months, the probability of PFS was 57.9%
and 26.9% in the 2 groups, respectively, and
at 12 months, these percentages were 52.6%
and 17.9%, respectively.

These data with
nivolumab plus ipilimumab
are of strong clinical interest
and warrant further
investigation in this
particular patient
population.”

—ANA OAKNIN, MD

In the nivo1 + ipi3 arm, the median PFS
was 8.5 months (95% CI, 3.7-not reached)
in the patients with no prior systemic therapy for R/M disease and 5.8 months (95%
CI, 3.5-17.2) in those who had received
prior systemic therapy for R/M disease.
The probability of PFS at 6 months was
60.9% in those with no prior systemic

therapy for R/M disease and 47.6% in those
with prior systemic therapy, and at 12
months, these percentages were 43.5% and
38.1%, respectively.
“The overall survival curves were really
striking,” said Oaknin. Median overall
survival (OS) was not reached in patients
in the nivo3 + ipi1 group who had no prior
systemic therapy for R/M disease and
10.3 months in those with prior systemic
treatment for R/M disease. The corresponding median OS values in the nivo1
+ ipi3 arm were not reached and 25.4
months, respectively.
Cervical cancer is the fourth most
common cancer in women worldwide, with
more than 99% of cases associated with
human papillomavirus (HPV) infection.
Currently, the standard of care for R/M
disease without prior systemic therapy is
the combination of cisplatin, paclitaxel,
and bevacizumab (Avastin). The median OS
with this combination in the R/M setting
is <17 months. “Unfortunately, for those
patients who progress on chemotherapy and
bevacizumab, treatment options are very
limited,” said Oaknin.
The PD-1 inhibitor pembrolizumab
(Keytruda) is approved by the FDA for the
treatment of R/M cervical cancer after
chemotherapy, but its approval is limited
to those patients whose tumors express
PD-L1 (combined positive score ≥1).
Upregulation of PD-1 and PD-L1 expression has been reported in cervical cancer,
which suggests that this tumor type is
likely to respond to PD-1/PD-L1–targeted
therapy. CTLA-4 is another inhibitory
checkpoint that plays a key role in regulating adaptive immunity, offering the
possibility of response to agents that
target this protein receptor.

STUDY EXAMINES
VIRUS-ASSOCIATED CANCERS
CheckMate 358 (NCT02488759) is an
ongoing phase I/II study investigating
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N = 91
AJCC Stage

Prior Therapy

Prior Systemic Therapy in R/M Setting

3.3%
II (a-b)

9.9%

III (a-c)

Platinum—89%
Bevacizumab—53.8%
Radiotherapy—84.6%

52.7%
≥1

47.3%
0

86.8%
IV (a-b)

AJCC indicates American Joint Committee on Cancer; R/M, recurrent or metastatic.

nivolumab-based therapies in virus-associated cancers regardless of tumor cell PD-L1
expression. Patients enrolled were positive
for HPV or their HPV status was unknown.
An ECOG performance status of 0 or 1
was required for entry. Treatment continued until toxicity, disease progression, or
a maximum of 24 months. Patients were
followed with imaging every 8 weeks for
1 year and then every 12 weeks thereafter.
Overall, most participants in the study
had metastatic disease, although nearly
half had not received prior systemic therapy in the R/M setting (FIGURE).
In all, 82.2% (nivo3 + ipi1) and 73.9%
(nivo1 + ipi3) were evaluable for PD-L1
expression. Some 62.2% in the nivo3 + ipi1
arm and 67.6% in the nivo1 + ipi3 arm had
PD-L1 expression ≥1%. More than 80% in
each arm had received prior platinum therapy and radiation therapy.
In the nivo3 + ipi1 arm, the objective
response rate was 31.6% in those patients
who received no prior systemic therapy
for R/M disease and 23.1% in those with
prior systemic therapy for R/M. The corresponding objective response rate (ORR)
percentages in the nivo1 + ipi3 arm were
45.8% and 36.4%, respectively. A complete
response was observed in 4 patients in
each treatment arm. Eight patients in the
nivo3 + ipi1 arm and 15 in the nivo1 + ipi3
arm had a partial response. The median
duration of response had not been reached
in patients treated in the first-line setting

for metastatic disease in both arms.
In the nivo3 + ipi1 arm, the ORRs were
30.8% (no prior systemic treatment for
R/M disease) and 40.0% (prior systemic
treatment) in those with PD-L1 tumor
expression ≥1%, and 33.3% and 9.1%,
respectively, in those with PD-L1 expression <1%. In the nivo1 + ipi3 arm, the
ORRs were 36.4% and 16.7%, respectively,
in the PD-L1–positive patients, and 0% and
57.1%, respectively, in those with PD-L1
expression <1%.
There was a higher incidence of treatment-related adverse events (AEs) leading
to treatment discontinuation in the nivo1 +
ipi3 arm compared with nivo3 + ipi1 arm
(32.6% vs 17.8%), as well as a higher rate of
treatment-related serious AEs leading to
discontinuation (21.7% vs 6.7%).
Specifically, there was a higher incidence
of treatment-related gastrointestinal events
in the nivo1 + ipi3 arm compared with
nivo3 + ipi1 arm (56.5% vs 35.6%) “This
could be due to the higher ipilimumab
dose,” said Oaknin.
CheckMate 358 is continuing to enroll
patients with R/M cervical cancer. n
REFERENCE
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2019 ESMO Congress; September 27-October 2, 2019; Barcelona,
Spain. Abstract LBA62. academic.oup.com/annonc/article/30/Sup-
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Maintenance Rucaparib
Demonstrates Improved PFS
Maintenance therapy with rucaparib (Rubraca) may become
standard of care for patients
with high-grade, recurrent
ovarian cancer following a partial
response to second-line or later
platinum-based chemotherapy. Jonathan A.
Ledermann, MD, discusses the rationale for the
randomized, double-blind, placebo-controlled,
phase III ARIEL3 trial and the progression-free
survival (PFS) observed with the addition of
rucaparib versus placebo. Ledermann is a
professor of medical oncology at UCL Cancer
Institute in London.

 onclive.com/link/6678.

Ovarian Cancer Screening
Options Meet Challenges
There is no accepted screening method for
ovarian cancer, which is likely one
of the reasons why many women
present with late-stage disease,
explains Laura L. Holman, MD.
Several trials have evaluated
screening methods using different
modalities, including biomarkers alone, imaging
alone, and a combination of the 2. Thus far,
nothing has proved to be effective or met the
standard that has been set for ovarian cancer,
said Holman, an assistant professor in the
Section of Gynecologic Oncology at Stephenson
Cancer Center, University of Oklahoma.

onclive.com/link/6679.
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Q&A With Eileen M. O’Reilly, MD

Ongoing Research in Pancreatic
Cancer Focuses on Molecular Targets
by ELLIE LEICK

BROADER USE OF MOLECULAR testing in
patients with pancreatic cancer is a vital
ingredient in advancing a plethora of
novel therapeutic approaches under study
for the malignancy, according to Eileen
M. O’Reilly, MD.
Investigators are exploring targeted therapy, stromal modulation, and metabolic
agents, and a potential niche for immunotherapy is still being debated, O’Reilly said.
Clinicians can help the field move forward
by conducting genetic testing in addition to
enrolling patients in innovative studies.
“[Key points are] to think about germline testing for all patients, think about
somatic profiling, and identify the infrequent groups of individuals with mutations
for which there are targeted agents in trials
or [that] are potentially accessible,” said
O’Reilly, the associate director for clinical research in the David M. Rubenstein
Center for Pancreatic Cancer Research and
the Winthrop Rockefeller chair of medical oncology at Memorial Sloan Kettering
Cancer Center in New York, New York.
“Clinical trials are a key theme and we
always want to emphasize that approach.
That is how we learn, and how we also
learn if something doesn’t work sooner
rather than later.”
Excitement in pancreatic cancer has
been building over the prospects for
PARP inhibition in patients with germline
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BRCA-positive metastatic disease. Results
from the phase III POLO trial,1 presented
at the 2019 American Society of Clinical
Oncology (ASCO) Annual Meeting, showed
that maintenance therapy with olaparib
(Lynparza) significantly improved progression-free survival (PFS) compared with
placebo. Median PFS with the PARP inhibitor was 7.4 months versus 3.8 months
for placebo (HR, 0.53; 95% CI, 0.350.82; P = .0038).
Further analysis of data from the POLO
trial showed that health-related quality of
life (QOL) was preserved with maintenance
olaparib and that there were no clinically
meaningful differences compared with
placebo, which supports the clinical benefit with the PARP inhibitor in this patient
population. The findings were presented
at the 2019 European Society for Medical
Oncology Annual Meeting.2
Additionally, results from another POLO
analysis demonstrated that the time from
randomization to discontinuation of treatment was significantly longer with olaparib
than with placebo (7.2 months vs 3.8
months, respectively), and that initiation of
subsequent therapy was delayed longer in
patients on the olaparib arm than among
those who received placebo (8.6 months vs
5.7 months) (TABLE1,3).3
In an interview with OncologyLive® ,
O’Reilly, a leading investigator on the POLO

study, discussed current and emerging
strategies in pancreatic cancer.

Q:

What is the current state of
treatment for locally advanced
pancreatic cancer?
The 2 commonly used neoadjuvant regimens
are modified FOLFIRINOX [leucovorin, fluorouracil, irinotecan, oxaliplatin] or gemcitabine
plus nab-paclitaxel [Abraxane]. Both have
been studied in the locally advanced setting.
The NEOLAP study was a randomized study
in about 33 centers in Germany that looked at
2 cycles of initial gemcitabine plus nabpaclitaxel.4 Patients were randomized to either
continue gemcitabine plus nab-paclitaxel or
switch to modified FOLFIRINOX. The study
looked at a variety of outcomes, including
the number of patients who went to surgery,
survival outcomes, safety, and toxicity.
Both of these regimens were active—
no question. The patients who underwent
surgery had the best outcomes. You have to be
careful with the comparisons, but the modified FOLFIRINOX probably had the edge in
terms of survival outcomes.

Q:

What novel therapeutic
strategies are emerging?

There are a lot of things in development in
advanced pancreas cancer. The big themes
would be DNA repair, stromal modulation,
metabolism, and immunotherapy, where it fits.
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Olaparib
(N = 92)

Placebo
(N = 62)

HR
(favoring olaparib)

Median PFS, months

7.4

3.8

HR, 0.53 (95% CI, 0.35-0.82); P = .0038

Median OS, months

18.9

18.1

HR, 0.91 (95% CI, 0.56-1.46); P = .68

Time to discontinuation of treatment,
months (range)

7.2 (5.5-10.8)

3.8 (3.6-4.8)

HR, 0.45 (95% CI, 0.30-0.67); P = .0001

Time to first subsequent therapy,
months (range)

8.6 (6.2-12.5)

5.7 (4.2-6.3)

HR, 0.50 (95% CI, 0.32-0.76); P = .0013

Time to second subsequent therapy,
months (range)

13.2 (8.8-20.2)

9.2 (8.3-13.1)

HR, 0.68 (95% CI, 0.44-1.05); P = .083

OS indicates overall survival; PFS, progression-free survival.

We have examples of positive studies in the
DNA repair setting—[of patients with] germline BRCA mutations.
As part of the POLO study, there was the
option to be randomized to either olaparib or placebo. That was a positive trial in
terms of its primary end point of PFS; there
were also higher response rates on the olaparib arm with some very durable responses.
That establishes the precedent that selected
genomic targeting in pancreas cancer can
work, for a subset [of patients]. We now need
to amplify that signal and extend it to a
broader population.
With regard to stromal modulation, a
number of drugs have been developed. The
current big one is PEGPH20, which has been
looked [at] with chemotherapy in advanced
pancreas cancer. We will hopefully have
data in the very near future to comment
on that strategy.
Metabolism is an emerging theme. We don’t
have late-stage study results yet, but a couple
of examples would be asparaginase, which
has been developed primarily in Europe; it’s
a compound that’s covered in red blood cells
and delivered in combination with chemotherapy. Randomized phase II [results] were
positive, and that is now in phase III development (Trybeca-1; NCT03665441).
CPI-613, another metabolic agent, is
being evaluated in combination with modified FOLFIRINOX in patients with untreated
advanced pancreas cancer. We’re still looking to see if immunotherapy [is effective in
pancreas cancer].

Q:

What other studies would you
like to highlight?

There was a follow-up on the POLO data
with regard to posttreatment therapies and

how that might have impacted the neutral
survival signal. Some quality-of-life data
from the same study were also presented.
There was some additional follow-up on the
APACT trial (NCT01964430), which compared
gemcitabine plus nab-paclitaxel with gemcitabine alone in the adjuvant setting. This
was negative in terms of the primary end
point of blinded independent central review
disease-free survival, but it trended in terms
of survival for the combination. We’ll see
how that pans out.
[There is also some research] in pancreas
cancer looking at where the field is going
in terms of genomic-based treatments. It’s
exciting to think that we might be able to
begin selecting treatments for a broader
group of people.

Q:

Could you expand on the QOL
data from the POLO study?

The QOL data from POLO showed that both
arms were well tolerated. One has to keep
in mind that the QOL levels for people entering the study were high in both arms, which
is quite good. The PARP inhibitor was overall
relatively well tolerated, with some anemia,
fatigue, and gastrointestinal toxicity. After
a certain point, there was not an adequate
number of patients to be able to evaluate
sequential data. It’s a little hard to interpret,
but it resonates with what we see.
When pancreas cancer is well controlled,
as it was on both arms entering the randomization phase, the acute symptoms of the
disease are much improved for most patients;
that QOL is relatively good. It’s a little bit of a
surprise that there wasn’t [more of a] difference between [olaparib and] placebo; these
are relatively small numbers. We have to
keep an open mind.

[The follow-up data] are not that much
longer because the initial data were presented
this summer. However, [there are] some additional analyses on the adjuvant setting, which
underscore that the primary end point was
negative, but that there may be a signal in
terms of overall survival. We will probably
have a final data cut on this sometime in the
near future, which will significantly update
the analysis that was presented at the 2019
ASCO Annual Meeting.

Q:

What other targets are being
investigated in this arena?

[There is progress with] stromal modulation DNA repair and extending that to
broader groups of people, meaning people
with other homologous repair gene mutation. Does the signal with olaparib apply if
you have PALB2, somatic BRCA, ATM, MCM5BOB1, or NBN mutations? A lot of
these are very rare.
Can we combine a PARP inhibitor with
other agents? We saw some very nice data
in ovarian cancer of bevacizumab [Avastin]
combined with a PARP inhibitor that [were]
pretty interesting. We have our eyes on that
in terms of thinking how that could apply
to the pancreas world. We need to keep in
mind that VEGF-targeted strategies have not,
for the most part, shown value in pancreas
cancer. It’s an angiogenic-driven tumor, to a
degree. We have to see, but it will certainly
be worth thinking about developing a number
of trials in this area.
Immunotherapy did not have new data [at
the ESMO 2019 Congress], but that is a topical theme in pancreas cancer. We know that
single-agent checkpoint inhibitors aren’t
sufficient in this disease; neither [are] combination checkpoint inhibitors. We are waiting
to see whether combinations of chemotherapy and immunotherapy, which are being
evaluated in the frontline and second-line
settings…mature out over the next year.
Other immune-modulating agents, such
as CD40-directed agents, [are] an interesting [approach] that modulates the
microenvironment and may make it more
immune-responsive. If that strategy works, that
will be very important in pancreas cancer. n
For a full list of references,
see the article at

/link/6711.
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THESE ARE PATIENTS WITH

METASTATIC GASTRIC,

NON-SMALL CELL LUNG,
OR COLORECTAL CANCER.
PATIENTS WHOSE DISEASE HAS PROGRESSED
ON PRIOR TREATMENT.*
PATIENTS WHO KNOW THEIR SITUATION, BUT ARE
NOT SURRENDERING TO IT.

PATIENTS WHO, IN THE FACE OF ADVERSITY,

REMAIN DETERMINED.
LEARN MORE ABOUT THE APPROPRIATE PATIENTS
FOR CYRAMZA AT CYRAMZAHCP.COM
*Hypothetical patient example.

SELECT IMPORTANT SAFETY INFORMATION FOR CYRAMZA
WARNING: HEMORRHAGE, GASTROINTESTINAL PERFORATION, AND IMPAIRED
WOUND HEALING
Hemorrhage: CYRAMZA increased the risk of hemorrhage and gastrointestinal
hemorrhage, including severe and sometimes fatal hemorrhagic events. Permanently
discontinue CYRAMZA in patients who experience severe bleeding.
Gastrointestinal Perforation: CYRAMZA can increase the risk of gastrointestinal
perforation, a potentially fatal event. Permanently discontinue CYRAMZA in patients who
experience a gastrointestinal perforation.
Impaired Wound Healing: Impaired wound healing can occur with antibodies inhibiting the
VEGF pathway. Discontinue CYRAMZA therapy in patients with impaired wound healing.
Withhold CYRAMZA prior to surgery and discontinue CYRAMZA if a patient develops
wound healing complications.
Please see additional Important Safety Information for CYRAMZA, including Boxed Warning
for hemorrhage, gastrointestinal perforation, and impaired wound healing, on adjacent page.
Also see the Brief Summary of Prescribing Information for CYRAMZA on subsequent pages.

”We have some
unfinished business.”
METASTATIC GASTRIC OR GEJ ADENOCARCINOMA
INDICATION
CYRAMZA as a single agent, or in combination with
paclitaxel, is indicated for the treatment of patients with
advanced or metastatic gastric or gastroesophageal
junction adenocarcinoma with disease progression on or
after prior fluoropyrimidine- or platinum-containing
chemotherapy.

”Whatever’s next,
I want to be all in.”
METASTATIC NON-SMALL CELL LUNG CANCER
INDICATION
CYRAMZA, in combination with docetaxel, is indicated for
the treatment of patients with metastatic non-small cell
lung cancer (NSCLC) with disease progression on or after
platinum-based chemotherapy. Patients with epidermal
growth factor receptor (EGFR) or anaplastic lymphoma
kinase (ALK) genomic tumor aberrations should have
disease progression on FDA-approved therapy for these
aberrations prior to receiving CYRAMZA.

”I ’m ready to do

what it takes.”

METASTATIC COLORECTAL CANCER
INDICATION

CYRAMZA, in combination with FOLFIRI (irinotecan, folinic
acid, and 5-fluorouracil), is indicated for the treatment of
patients with metastatic colorectal cancer (mCRC) with
disease progression on or after prior therapy with
bevacizumab, oxaliplatin, and a fluoropyrimidine.

INDICATIONS

3%; 0% vs 0%), and hyponatremia (6% vs 2%; 3% vs 1%).
CYRAMZA as a single agent, or in combination with paclitaxel, is indicated for the treatment of patients with advanced or metastat- • The most common serious adverse events with CYRAMZA in study 1 were anemia (3.8%) and intestinal obstruction (2.1%). Red
blood cell transfusions were given to 11% of CYRAMZA-treated patients vs 8.7% of patients who received placebo.
ic gastric or gastroesophageal junction adenocarcinoma with disease progression on or after prior fluoropyrimidine- or platinum-containing chemotherapy. CYRAMZA, in combination with docetaxel, is indicated for the treatment of patients with metastatic • Clinically relevant adverse reactions reported in ≥1% and <5% of CYRAMZA-treated patients vs placebo in study 1 were:
non-small cell lung cancer (NSCLC) with disease progression on or after platinum-based chemotherapy. Patients with epidermal
neutropenia (4.7% vs 0.9%), epistaxis (4.7% vs 0.9%), rash (4.2% vs 1.7%), intestinal obstruction (2.1% vs 0%), and arterial
growth factor receptor (EGFR) or anaplastic lymphoma kinase (ALK) genomic tumor aberrations should have disease progression
thromboembolic events (1.7% vs 0%).
on FDA-approved therapy for these aberrations prior to receiving CYRAMZA.
• Across clinical trials of CYRAMZA administered as a single agent, clinically relevant adverse reactions (including grade ≥3) reCYRAMZA, in combination with FOLFIRI (irinotecan, folinic acid, and 5-fluorouracil), is indicated for the treatment of patients with metaported in CYRAMZA-treated patients included proteinuria, gastrointestinal perforation, and infusion-related reactions. In study 1,
static colorectal cancer (mCRC) with disease progression on or after prior therapy with bevacizumab, oxaliplatin, and a fluoropyrimidine.
according to laboratory assessment, 8% of CYRAMZA-treated patients developed proteinuria vs 3% of placebo-treated patients.
Two patients discontinued CYRAMZA due to proteinuria. The rate of gastrointestinal perforation in study 1 was 0.8% and the rate
IMPORTANT SAFETY INFORMATION FOR CYRAMZA
of infusion-related reactions was 0.4%.
WARNING: HEMORRHAGE, GASTROINTESTINAL PERFORATION, AND IMPAIRED WOUND HEALING
Most Common Adverse Reactions—Combination With Paclitaxel
Hemorrhage: CYRAMZA increased the risk of hemorrhage and gastrointestinal hemorrhage, including severe
• The most commonly reported adverse reactions (all grades; grade 3/4) occurring in ≥5% of patients receiving CYRAMZA plus
and sometimes fatal hemorrhagic events. Permanently discontinue CYRAMZA in patients who experience
paclitaxel and ≥2% higher than placebo plus paclitaxel in study 2 were fatigue/asthenia (57% vs 44%; 12% vs 6%), neutropenia
severe bleeding.
(54% vs 31%; 41% vs 19%), diarrhea (32% vs 23%; 4% vs 2%), epistaxis (31% vs 7%; 0% vs 0%), hypertension (25% vs 6%;
Gastrointestinal Perforation: CYRAMZA can increase the risk of gastrointestinal perforation,
15% vs 3%), peripheral edema (25% vs 14%; 2% vs 1%), stomatitis (20% vs 7%; 1% vs 1%), proteinuria (17% vs 6%; 1% vs
a potentially fatal event. Permanently discontinue CYRAMZA in patients who experience a
0%), thrombocytopenia (13% vs 6%; 2% vs 2%), hypoalbuminemia (11% vs 5%; 1% vs 1%), and gastrointestinal hemorrhage
gastrointestinal perforation.
events (10% vs 6%; 4% vs 2%).
Impaired Wound Healing: Impaired wound healing can occur with antibodies inhibiting the VEGF pathway.
• The most common serious adverse events with CYRAMZA plus paclitaxel in study 2 were neutropenia (3.7%) and febrile neutroDiscontinue CYRAMZA therapy in patients with impaired wound healing. Withhold CYRAMZA prior to surgery
and discontinue CYRAMZA if a patient develops wound healing complications.
penia (2.4%); 19% of patients treated with CYRAMZA plus paclitaxel received granulocyte colony-stimulating factors.
• Adverse reactions resulting in discontinuation of any component of the CYRAMZA plus paclitaxel combination in 2% or more
Warnings and Precautions
patients in study 2 were neutropenia (4%) and thrombocytopenia (3%).
Hemorrhage
• Clinically relevant adverse reactions reported in ≥1% and <5% of the CYRAMZA plus paclitaxel-treated patients in study 2 were
• In study 1, which evaluated CYRAMZA as a single agent in advanced gastric cancer, the incidence of severe bleeding was
sepsis (3.1% for CYRAMZA plus paclitaxel vs 1.8% for placebo plus paclitaxel) and gastrointestinal perforations (1.2% for
3.4% for CYRAMZA and 2.6% for placebo. In study 2, which evaluated CYRAMZA plus paclitaxel in advanced gastric cancer, the
CYRAMZA plus paclitaxel vs 0.3% for placebo plus paclitaxel).
incidence of severe bleeding was 4.3% for CYRAMZA plus paclitaxel and 2.4% for placebo plus paclitaxel. Patients with gastric
cancer receiving nonsteroidal anti-inflammatory drugs (NSAIDs) were excluded from enrollment in studies 1 and 2. In study 3, Most Common Adverse Reactions—Combination With Docetaxel
• The most commonly reported adverse reactions (all grades; grade 3/4) occurring in ≥5% of patients receiving CYRAMZA plus
which evaluated CYRAMZA plus docetaxel in metastatic non-small cell lung cancer (NSCLC), the incidence of severe bleeding
was 2.4% for CYRAMZA plus docetaxel and 2.3% for placebo plus docetaxel. Patients with NSCLC receiving therapeutic anticoag- docetaxel and ≥2% higher than placebo plus docetaxel in study 3 were neutropenia (55% vs 46%; 49% vs 40%), fatigue/asthenia (55% vs 50%; 14% vs 11%), stomatitis/mucosal inflammation (37% vs 19%; 7% vs 2%), epistaxis (19% vs 7%; <1% vs
ulation or chronic therapy with NSAIDs or other antiplatelet therapy other than once-daily aspirin or with radiographic evidence
<1%), febrile neutropenia (16% vs 10%; 16% vs 10%), peripheral edema (16% vs 9%; 0% vs <1%), thrombocytopenia (13% vs
of major airway or blood vessel invasion or intratumor cavitation were excluded from study 3. In study 4, which evaluated
CYRAMZA plus FOLFIRI in metastatic colorectal cancer, the incidence of severe bleeding was 2.5% for CYRAMZA plus FOLFIRI and 5%; 3% vs <1%), lacrimation increased (13% vs 5%; <1% vs 0%), and hypertension (11% vs 5%; 6% vs 2%).
1.7% for placebo plus FOLFIRI. Permanently discontinue CYRAMZA in patients who experience severe bleeding.
• The most common serious adverse events with CYRAMZA plus docetaxel in study 3 were febrile neutropenia (14%), pneumonia
(6%), and neutropenia (5%). The use of granulocyte colony-stimulating factors was 42% in CYRAMZA plus docetaxel-treated
Arterial Thromboembolic Events (ATEs)
patients versus 37% in patients who received placebo plus docetaxel.
• Serious, sometimes fatal, ATEs including myocardial infarction, cardiac arrest, cerebrovascular accident, and cerebral ischemia
• In patients ≥65 years of age, there were 18 (8%) deaths on treatment or within 30 days of discontinuation for CYRAMZA plus
occurred in clinical trials. Permanently discontinue CYRAMZA in patients who experience a severe ATE.
docetaxel and 9 (4%) deaths for placebo plus docetaxel. In patients <65 years of age, there were 13 (3%) deaths on treatment or
Hypertension
within 30 days of discontinuation for CYRAMZA plus docetaxel and 26 (6%) deaths for placebo plus docetaxel.
• An increased incidence of severe hypertension occurred in patients receiving CYRAMZA as a single agent (8%) as compared to
placebo (3%), in patients receiving CYRAMZA plus paclitaxel (15%) as compared to placebo plus paclitaxel (3%), and in patients • Treatment discontinuation due to adverse reactions occurred more frequently in CYRAMZA plus docetaxel-treated patients (9%)
than in placebo plus docetaxel-treated patients (5%). The most common adverse events leading to treatment discontinuation of
receiving CYRAMZA plus docetaxel (6%) as compared to placebo plus docetaxel (2%), and in patients receiving CYRAMZA plus
FOLFIRI (11%) as compared to placebo plus FOLFIRI (3%). Monitor blood pressure every 2 weeks or more frequently as indicated CYRAMZA in study 3 were infusion-related reaction (0.5%) and epistaxis (0.3%).
• For patients with nonsquamous histology, the overall incidence of pulmonary hemorrhage was 7% and the incidence of grade ≥3
during treatment. Temporarily suspend CYRAMZA for severe hypertension until medically controlled. Permanently discontinue
pulmonary hemorrhage was 1% for CYRAMZA plus docetaxel compared to 6% overall incidence and 1% for grade ≥3 pulmonary
CYRAMZA if medically significant hypertension cannot be controlled with antihypertensive therapy or in patients with hypertenhemorrhage for placebo plus docetaxel. For patients with squamous histology, the overall incidence of pulmonary hemorrhage
sive crisis or hypertensive encephalopathy.
was 10% and the incidence of grade ≥3 pulmonary hemorrhage was 2% for CYRAMZA plus docetaxel compared to 12% overall
Infusion-Related Reactions (IRRs)
• Prior to the institution of premedication recommendations across clinical trials of CYRAMZA, IRRs occurred in 6 out of 37 patients incidence and 2% for grade ≥3 pulmonary hemorrhage for placebo plus docetaxel.
(16%), including 2 severe events. The majority of IRRs across trials occurred during or following a first or second CYRAMZA in- • Clinically relevant adverse reactions reported in ≥1% and <5% of CYRAMZA plus docetaxel-treated patients in study 3 were
hyponatremia (4.8% CYRAMZA plus docetaxel versus 2.4% for placebo plus docetaxel) and proteinuria (3.3% CYRAMZA plus
fusion. Monitor patients during the infusion for signs and symptoms of IRRs in a setting with available resuscitation equipment.
docetaxel versus 0.8% placebo plus docetaxel).
Immediately and permanently discontinue CYRAMZA for grade 3 or 4 IRRs.
Most Common Adverse Reactions—Combination With FOLFIRI
Gastrointestinal Perforations
• The most commonly reported adverse reactions (all grades; grade 3/4) occurring in ≥5% of patients receiving CYRAMZA plus
• Four of 570 patients (0.7%) who received CYRAMZA as a single agent in advanced gastric cancer clinical trials experienced
FOLFIRI and ≥2% higher than placebo plus FOLFIRI in study 4 were diarrhea (60% vs 51%; 11% vs 10%), neutropenia (59% vs
gastrointestinal perforation. In study 2, the incidence of gastrointestinal perforation was 1.2% for CYRAMZA plus paclitaxel as
compared to 0.3% for placebo plus paclitaxel. In study 3, the incidence of gastrointestinal perforation was 1% for CYRAMZA plus 46%; 38% vs 23%), decreased appetite (37% vs 27%; 2% vs 2%), epistaxis (33% vs 15%; 0% vs 0%), stomatitis (31% vs 21%;
4% vs 2%), thrombocytopenia (28% vs 14%; 3% vs <1%), hypertension (26% vs 9%; 11% vs 3%), peripheral edema (20% vs
docetaxel as compared to 0.3% for placebo plus docetaxel. In study 4, the incidence of gastrointestinal perforation was 1.7%
9%; <1% vs 0%), proteinuria (17% vs 5%; 3% vs <1%), palmar-plantar erythrodysesthesia syndrome (13% vs 5%; 1% vs <1%),
for CYRAMZA plus FOLFIRI and 0.6% for placebo plus FOLFIRI. Permanently discontinue CYRAMZA in patients who experience a
gastrointestinal hemorrhage events (12% vs 7%; 2% vs 1%), hypoalbuminemia (6% vs 2%; 1% vs 0%). Twenty percent of
gastrointestinal perforation.
patients treated with CYRAMZA plus FOLFIRI received granulocyte colony-stimulating factors.
Impaired Wound Healing
• The most common serious adverse events with CYRAMZA plus FOLFIRI were diarrhea (3.6%), intestinal obstruction (3.0%), and
• CYRAMZA has not been studied in patients with serious or nonhealing wounds. CYRAMZA has the potential to adversely affect
febrile neutropenia (2.8%).
wound healing. Discontinue CYRAMZA therapy in patients with impaired wound healing. Withhold CYRAMZA prior to surgery. Resume CYRAMZA following the surgical intervention based on clinical judgment of adequate wound healing. If a patient develops • Treatment discontinuation of any study drug due to adverse reactions occurred more frequently in CYRAMZA plus FOLFIRI-treated
patients (29%) than in placebo plus FOLFIRI-treated patients (13%). The most common adverse reactions leading to disconwound healing complications during therapy, discontinue CYRAMZA until the wound is fully healed.
tinuation of any component of CYRAMZA plus FOLFIRI as compared to placebo plus FOLFIRI were neutropenia (12.5% versus
Clinical Deterioration in Child-Pugh B or C Cirrhosis
5.3%) and thrombocytopenia (4.2% versus 0.8%). The most common adverse reactions leading to treatment discontinuation of
• Clinical deterioration, manifested by new onset or worsening encephalopathy, ascites, or hepatorenal syndrome, was reported in
CYRAMZA were proteinuria (1.5%) and gastrointestinal perforation (1.7%).
patients with Child-Pugh B or C cirrhosis who received single-agent CYRAMZA.
• Clinically relevant adverse reactions reported in ≥1% and <5% of CYRAMZA plus FOLFIRI-treated patients in study 4 consisted of
Reversible Posterior Leukoencephalopathy Syndrome (RPLS)
gastrointestinal perforation (1.7% CYRAMZA plus FOLFIRI versus 0.6% for placebo plus FOLFIRI).
• RPLS has been reported at a rate of <0.1% in clinical studies with CYRAMZA. Discontinue CYRAMZA in patients who develop RPLS. Symp• Thyroid-stimulating hormone (TSH) was evaluated in 224 patients (115 CYRAMZA plus FOLFIRI-treated patients and 109 placebo
toms may resolve or improve within days, although some patients with RPLS can experience ongoing neurologic sequelae or death.
plus FOLFIRI-treated patients) with normal baseline TSH levels. Increased TSH was observed in 53 (46%) patients treated with
Proteinuria Including Nephrotic Syndrome
CYRAMZA plus FOLFIRI compared with 4 (4%) patients treated with placebo plus FOLFIRI.
• In study 4, severe proteinuria occurred more frequently in patients treated with CYRAMZA plus FOLFIRI compared to patients
Drug
Interactions
receiving placebo plus FOLFIRI. Severe proteinuria was reported in 3% of patients treated with CYRAMZA plus FOLFIRI (including
3 cases [0.6%] of nephrotic syndrome) compared to 0.2% of patients treated with placebo plus FOLFIRI. Monitor proteinuria by • No pharmacokinetic interactions were observed between ramucirumab and paclitaxel, between ramucirumab and docetaxel, or
between ramucirumab and irinotecan or its active metabolite, SN-38.
urine dipstick and/or urinary protein creatinine ratio for the development of worsening of proteinuria during CYRAMZA therapy.
Use in Specific Populations
Withhold CYRAMZA for urine protein levels that are ≥2 g over 24 hours. Reinitiate CYRAMZA at a reduced dose once the urine
• Pregnancy: Based on its mechanism of action, CYRAMZA can cause fetal harm. Animal models link angiogenesis, VEGF, and
protein level returns to <2 g over 24 hours. Permanently discontinue CYRAMZA for urine protein levels >3 g over 24 hours or in
VEGF Receptor 2 (VEGFR2) to critical aspects of female reproduction, embryofetal development, and postnatal development.
the setting of nephrotic syndrome.
There are no available data on CYRAMZA use in pregnant women to inform any drug-associated risks. No animal studies have
Thyroid Dysfunction
been conducted to evaluate the effect of ramucirumab on reproduction and fetal development. Advise females of reproductive
• Monitor thyroid function during treatment with CYRAMZA. In study 4, the incidence of hypothyroidism reported as an adverse
potential of the potential risk for maintaining pregnancy, risk to the fetus, and risk to newborn and pediatric development, and to
event was 2.6% in the CYRAMZA plus FOLFIRI-treated patients and 0.9% in the placebo plus FOLFIRI-treated patients.
use effective contraception during CYRAMZA therapy and for at least 3 months following the last dose of CYRAMZA.
Embryofetal Toxicity
• Lactation: Because of the potential risk for serious adverse reactions in nursing infants from ramucirumab, advise women that
• Based on its mechanism of action, CYRAMZA can cause fetal harm when administered to pregnant women. Animal models link
breastfeeding is not recommended during treatment with CYRAMZA.
angiogenesis, VEGF, and VEGF Receptor 2 (VEGFR2) to critical aspects of female reproduction, embryofetal development, and
•
Females of Reproductive Potential: Advise females of reproductive potential that based on animal data CYRAMZA may impair
postnatal development. Advise pregnant women of the potential risk to a fetus. Advise females of reproductive potential to use
fertility.
effective contraception during treatment with CYRAMZA and for at least 3 months after the last dose of CYRAMZA.
Please see Brief Summary of Prescribing Information for CYRAMZA, including
Most Common Adverse Reactions—Single Agent
• The most commonly reported adverse reactions (all grades; grade 3/4) occurring in ≥5% of patients receiving CYRAMZA and ≥2% Boxed Warning for hemorrhage, gastrointestinal perforation, and impaired
higher than placebo in study 1 were hypertension (16% vs 8%; 8% vs 3%), diarrhea (14% vs 9%; 1% vs 2%), headache (9% vs wound healing, on adjacent pages.
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CYRAMZA® (ramucirumab) injection
BRIEF SUMMARY: For complete safety, please consult the full Prescribing Information.
WARNING: HEMORRHAGE, GASTROINTESTINAL PERFORATION, AND IMPAIRED WOUND HEALING
Hemorrhage: CYRAMZA increased the risk of hemorrhage and gastrointestinal hemorrhage, including severe and
sometimes fatal hemorrhagic events. Permanently discontinue CYRAMZA in patients who experience severe bleeding.
Gastrointestinal Perforation: CYRAMZA can increase the risk of gastrointestinal perforation, a potentially fatal
event. Permanently discontinue CYRAMZA in patients who experience a gastrointestinal perforation.
Impaired Wound Healing: Impaired wound healing can occur with antibodies inhibiting the VEGF pathway.
Discontinue CYRAMZA therapy in patients with impaired wound healing. Withhold CYRAMZA prior to surgery and
discontinue CYRAMZA if a patient develops wound healing complications.
INDICATIONS AND USAGE
Gastric Cancer
CYRAMZA as a single agent, or in combination with paclitaxel, is indicated for the treatment of patients with advanced or
metastatic, gastric or gastro-esophageal junction adenocarcinoma with disease progression on or after prior fluoropyrimidineor platinum-containing chemotherapy.
Non-Small Cell Lung Cancer
CYRAMZA in combination with docetaxel, is indicated for treatment of metastatic non-small cell lung cancer with disease
progression on or after platinum-based chemotherapy. Patients with EGFR or ALK genomic tumor aberrations should have
disease progression on FDA-approved therapy for these aberrations prior to receiving CYRAMZA.
Colorectal Cancer
CYRAMZA in combination with FOLFIRI (irinotecan, folinic acid, and 5-fluorouracil), is indicated for the treatment of metastatic
colorectal cancer with disease progression on or after prior therapy with bevacizumab, oxaliplatin, and a fluoropyrimidine.
CONTRAINDICATIONS
None.
WARNINGS AND PRECAUTIONS
Hemorrhage
CYRAMZA increased the risk of hemorrhage and gastrointestinal hemorrhage, including severe and sometimes fatal
hemorrhagic events. In Study 1, the incidence of severe bleeding was 3.4% for CYRAMZA and 2.6% for placebo. In Study 2,
the incidence of severe bleeding was 4.3% for CYRAMZA plus paclitaxel and 2.4% for placebo plus paclitaxel. Patients with
gastric cancer receiving nonsteroidal anti-inflammatory drugs (NSAIDs) were excluded from enrollment in Studies 1 and 2;
therefore, the risk of gastric hemorrhage in CYRAMZA-treated patients with gastric tumors receiving NSAIDs is unknown.
In Study 3, the incidence of severe bleeding was 2.4% for CYRAMZA plus docetaxel and 2.3% for placebo plus docetaxel.
Patients with NSCLC receiving therapeutic anticoagulation or chronic therapy with NSAIDS or other antiplatelet therapy other
than once daily aspirin or with radiographic evidence of major airway or blood vessel invasion or intratumor cavitation were
excluded from Study 3; therefore the risk of pulmonary hemorrhage in these groups of patients is unknown. In Study 4,
the incidence of severe bleeding was 2.5% for CYRAMZA plus FOLFIRI and 1.7% for placebo plus FOLFIRI. Permanently
discontinue CYRAMZA in patients who experience severe bleeding.
Arterial Thromboembolic Events
Serious, sometimes fatal, arterial thromboembolic events (ATEs) including myocardial infarction, cardiac arrest, cerebrovascular
accident, and cerebral ischemia occurred in clinical trials including 1.7% of 236 patients who received CYRAMZA as a single
agent for gastric cancer in Study 1. Permanently discontinue CYRAMZA in patients who experience a severe ATE.
Hypertension
An increased incidence of severe hypertension occurred in patients receiving CYRAMZA as a single agent (8%) as compared
to placebo (3%) and in patients receiving CYRAMZA plus paclitaxel (15%) as compared to placebo plus paclitaxel (3%), in
patients receiving CYRAMZA plus docetaxel (6%) as compared to placebo plus docetaxel (2%), and in patients receiving
CYRAMZA plus FOLFIRI (11%) as compared to placebo plus FOLFIRI (3%). Control hypertension prior to initiating treatment
with CYRAMZA. Monitor blood pressure every two weeks or more frequently as indicated during treatment. Temporarily
suspend CYRAMZA for severe hypertension until medically controlled. Permanently discontinue CYRAMZA if medically
significant hypertension cannot be controlled with antihypertensive therapy or in patients with hypertensive crisis or
hypertensive encephalopathy.
Infusion-Related Reactions
Prior to the institution of premedication recommendations across clinical trials of CYRAMZA, infusion-related reactions (IRRs)
occurred in 6 out of 37 patients (16%), including two severe events. The majority of IRRs across trials occurred during or
following a first or second CYRAMZA infusion. Symptoms of IRRs included rigors/tremors, back pain/spasms, chest pain and/or
tightness, chills, flushing, dyspnea, wheezing, hypoxia, and paresthesia. In severe cases, symptoms included bronchospasm,
supraventricular tachycardia, and hypotension. Monitor patients during the infusion for signs and symptoms of IRRs in a
setting with available resuscitation equipment. Immediately and permanently discontinue CYRAMZA for Grade 3 or 4 IRRs.
Gastrointestinal Perforations
CYRAMZA is an antiangiogenic therapy that can increase the risk of gastrointestinal perforation, a potentially fatal event.
Four of 570 patients (0.7%) who received CYRAMZA as a single agent in clinical trials experienced gastrointestinal perforation.
In Study 2, the incidence of gastrointestinal perforations was also increased in patients that received CYRAMZA plus
paclitaxel (1.2%) as compared to patients receiving placebo plus paclitaxel (0.3%). In Study 3, the incidence of gastrointestinal
perforation was 1% for CYRAMZA plus docetaxel and 0.3% for placebo plus docetaxel. In Study 4, the incidence of
gastrointestinal perforation was 1.7% for CYRAMZA plus FOLFIRI and 0.6% for placebo plus FOLFIRI. Permanently discontinue
CYRAMZA in patients who experience a gastrointestinal perforation.
Impaired Wound Healing
Impaired wound healing can occur with antibodies inhibiting the VEGF pathway. CYRAMZA has not been studied in patients
with serious or non-healing wounds. CYRAMZA, an antiangiogenic therapy, has the potential to adversely affect wound
healing. Discontinue CYRAMZA therapy in patients with impaired wound healing. Withhold CYRAMZA prior to surgery. Resume
following the surgical intervention based on clinical judgment of adequate wound healing. If a patient develops wound healing
complications during therapy, discontinue CYRAMZA until the wound is fully healed.
Clinical Deterioration in Patients with Child-Pugh B or C Cirrhosis
Clinical deterioration, manifested by new onset or worsening encephalopathy, ascites, or hepatorenal syndrome was reported
in patients with Child-Pugh B or C cirrhosis who received single-agent CYRAMZA. Use CYRAMZA in patients with Child-Pugh B
or C cirrhosis only if the potential benefits of treatment are judged to outweigh the risks of clinical deterioration.
Reversible Posterior Leukoencephalopathy Syndrome
Reversible Posterior Leukoencephalopathy Syndrome (RPLS) has been reported with a rate of <0.1% in clinical studies with
CYRAMZA. Confirm the diagnosis of RPLS with MRI and discontinue CYRAMZA in patients who develop RPLS. Symptoms may
resolve or improve within days, although some patients with RPLS can experience ongoing neurologic sequelae or death.
Proteinuria Including Nephrotic Syndrome
In Study 4, severe proteinuria occurred more frequently in patients treated with CYRAMZA plus FOLFIRI compared to patients
receiving placebo plus FOLFIRI. Severe proteinuria was reported in 3% of patients treated with CYRAMZA plus FOLFIRI
(including 3 cases [0.6%] of nephrotic syndrome) compared to 0.2% of patients treated with placebo plus FOLFIRI. Monitor
proteinuria by urine dipstick and/or urinary protein creatinine ratio for the development of worsening of proteinuria during
CYRAMZA therapy. Withhold CYRAMZA for urine protein levels that are 2 or more grams over 24 hours. Reinitiate CYRAMZA at
a reduced dose once the urine protein level returns to less than 2 grams over 24 hours. Permanently discontinue CYRAMZA for
urine protein levels greater than 3 grams over 24 hours or in the setting of nephrotic syndrome.
CYRAMZA® (ramucirumab) injection
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Thyroid Dysfunction
Monitor thyroid function during treatment with CYRAMZA. In Study 4, the incidence of hypothyroidism reported as an adverse
event was 2.6% in the CYRAMZA plus FOLFIRI treated patients and 0.9% in the placebo plus FOLFIRI treated patients.
Embryofetal Toxicity
Based on its mechanism of action, CYRAMZA can cause fetal harm when administered to pregnant women. Animal models
link angiogenesis, VEGF and VEGF Receptor 2 (VEGFR2) to critical aspects of female reproduction, embryofetal development,
and postnatal development. Advise pregnant women of the potential risk to a fetus. Advise females of reproductive potential to
use effective contraception during treatment with CYRAMZA and for at least 3 months after the last dose of CYRAMZA.
ADVERSE REACTIONS
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.
Gastric Cancer
Safety data are presented from two randomized, placebo controlled clinical trials in which patients received CYRAMZA:
Study 1, a randomized (2:1), double-blind, clinical trial in which 351 patients received either CYRAMZA 8 mg/kg intravenously
every two weeks or placebo every two weeks and Study 2, a double-blind, randomized (1:1) clinical trial in which 656 patients
received paclitaxel 80 mg/m2 on days 1, 8, and 15 of each 28-day cycle plus either CYRAMZA 8 mg/kg intravenously every
two weeks or placebo every two weeks. Both trials excluded patients with Eastern Cooperative Oncology Group (ECOG)
performance status (PS) of 2 or greater, uncontrolled hypertension, major surgery within 28 days, or patients receiving chronic
anti-platelet therapy other than once daily aspirin. Study 1 excluded patients with bilirubin ≥1.5 mg/dL and Study 2 excluded
patients with bilirubin >1.5 times the upper limit of normal.
CYRAMZA Administered as a Single Agent
Among 236 patients who received CYRAMZA (safety population) in Study 1, median age was 60 years, 28% were women,
76% were White, and 16% were Asian. Patients in Study 1 received a median of 4 doses of CYRAMZA; the median duration of
exposure was 8 weeks, and 32 (14% of 236) patients received CYRAMZA for at least six months.
In Study 1, the most common adverse reactions (all grades) observed in CYRAMZA-treated patients at a rate of ≥10% and
≥2% higher than placebo were hypertension and diarrhea. The most common serious adverse events with CYRAMZA were
anemia (3.8%) and intestinal obstruction (2.1%). Red blood cell transfusions were given to 11% of CYRAMZA-treated patients
versus 8.7% of patients who received placebo.
Table 1 provides the frequency and severity of adverse reactions in Study 1.
Table 1: Adverse Reactions Occurring at Incidence Rate ≥5% and a ≥2% Difference Between
Arms in Patients Receiving CYRAMZA in Study 1

Adverse Reactions (MedDRA)
System Organ Class

CYRAMZA (8 mg/kg)
N=236

Placebo
N=115

All Grades
(Frequency %)

Grade 3-4
(Frequency %)

All Grades
(Frequency %)

Grade 3-4
(Frequency %)

14

1

9

2

6

3

2

1

9

0

3

0

16

8

8

3

Gastrointestinal Disorders
Diarrhea
Metabolism and Nutrition Disorders
Hyponatremia
Nervous System Disorders
Headache
Vascular Disorders
Hypertension

Clinically relevant adverse reactions reported in ≥1% and <5% of CYRAMZA-treated patients in Study 1 were: neutropenia
(4.7% CYRAMZA versus 0.9% placebo), epistaxis (4.7% CYRAMZA versus 0.9% placebo), rash (4.2% CYRAMZA
versus 1.7% placebo), intestinal obstruction (2.1% CYRAMZA versus 0% placebo), and arterial thromboembolic events
(1.7% CYRAMZA versus 0% placebo).
Across clinical trials of CYRAMZA administered as a single agent, clinically relevant adverse reactions (including Grade ≥3)
reported in CYRAMZA-treated patients included proteinuria, gastrointestinal perforation, and infusion-related reactions.
In Study 1, according to laboratory assessment, 8% of CYRAMZA-treated patients developed proteinuria versus 3% of
placebo-treated patients. Two patients discontinued CYRAMZA due to proteinuria. The rate of gastrointestinal perforation in
Study 1 was 0.8% and the rate of infusion-related reactions was 0.4%.
CYRAMZA Administered in Combination with Paclitaxel
Among 327 patients who received CYRAMZA (safety population) in Study 2, median age was 61 years, 31% were women,
63% were White, and 33% were Asian. Patients in Study 2 received a median of 9 doses of CYRAMZA; the median duration of
exposure was 18 weeks, and 93 (28% of 327) patients received CYRAMZA for at least six months.
In Study 2, the most common adverse reactions (all grades) observed in patients treated with CYRAMZA plus paclitaxel at
a rate of ≥30% and ≥2% higher than placebo plus paclitaxel were fatigue, neutropenia, diarrhea, and epistaxis. The most
common serious adverse events with CYRAMZA plus paclitaxel were neutropenia (3.7%) and febrile neutropenia (2.4%);
19% of patients treated with CYRAMZA plus paclitaxel received granulocyte colony-stimulating factors. Adverse reactions
resulting in discontinuation of any component of the CYRAMZA plus paclitaxel combination in 2% or more patients in Study 2
were neutropenia (4%) and thrombocytopenia (3%).
Table 2 provides the frequency and severity of adverse reactions in Study 2.
Table 2: Adverse Reactions Occurring at Incidence Rate ≥5% and a ≥2%
Difference Between Arms in Patients Receiving CYRAMZA plus Paclitaxel in Study 2
Adverse Reactions
(MedDRA) System
Organ Class
Blood and Lymphatic System Disorders
Neutropenia
Thrombocytopenia
Gastrointestinal Disorders
Diarrhea
Gastrointestinal hemorrhage events
Stomatitis
CYRAMZA® (ramucirumab) injection

CYRAMZA plus Paclitaxel
(N=327)
All Grades
Grade ≥3
(Frequency %) (Frequency %)

Placebo plus Paclitaxel
(N=329)
All Grades
Grade ≥3
(Frequency %) (Frequency %)

54
13

41
2

31
6

19
2

32
10
20

4
4
1

23
6
7

2
2
1
RB-P HCP BS 27MAR2017

Table 2: Adverse Reactions Occurring at Incidence Rate ≥5% and a ≥2%
Difference Between Arms in Patients Receiving CYRAMZA plus Paclitaxel in Study 2 (Cont.)
CYRAMZA plus Paclitaxel
(N=327)
All Grades
Grade ≥3
(Frequency %) (Frequency %)
General Disorders and Administration Site Disorders
Adverse Reactions
(MedDRA) System
Organ Class

Fatigue/Asthenia
Peripheral edema
Metabolism and Nutrition Disorders
Hypoalbuminemia
Renal and Urinary Disorders
Proteinuria
Respiratory, Thoracic, and Mediastinal Disorders
Epistaxis
Vascular Disorder
Hypertension

Clinically relevant adverse drug reactions reported in ≥1% and <5% of the CYRAMZA plus docetaxel-treated patients
in Study 3 were hyponatremia (4.8% CYRAMZA plus docetaxel versus 2.4% for placebo plus docetaxel) and proteinuria
(3.3% CYRAMZA plus docetaxel versus 0.8% placebo plus docetaxel).

Placebo plus Paclitaxel
(N=329)
All Grades
Grade ≥3
(Frequency %) (Frequency %)

57
25

12
2

44
14

6
1

11

1

5

1

17

1

6

0

31

0

7

0

25

15

6

3

Clinically relevant adverse reactions reported in ≥1% and <5% of the CYRAMZA plus paclitaxel treated patients in Study 2
were sepsis (3.1% CYRAMZA plus paclitaxel versus 1.8% placebo plus paclitaxel) and gastrointestinal perforations (1.2%
CYRAMZA plus paclitaxel versus 0.3% for placebo plus paclitaxel).
Non-Small Cell Lung Cancer
CYRAMZA Administered in Combination with Docetaxel
Study 3 was a multinational, randomized, double-blind study conducted in patients with NSCLC with disease progression on
or after one platinum-based therapy for locally advanced or metastatic disease. Patients received either CYRAMZA 10 mg/kg
intravenously plus docetaxel 75 mg/m2 intravenously every 3 weeks or placebo plus docetaxel 75 mg/m2 intravenously every
3 weeks. Due to an increased incidence of neutropenia and febrile neutropenia in patients enrolled in East Asian sites, Study 3
was amended and 24 patients (11 CYRAMZA plus docetaxel, 13 placebo plus docetaxel) at East Asian sites received a starting
dose of docetaxel at 60 mg/m2 every 3 weeks. Study 3 excluded patients with an ECOG PS of 2 or greater, bilirubin greater
than the upper limit of normal (ULN), uncontrolled hypertension, major surgery within 28 days, radiographic evidence of major
airway or blood vessel invasion by cancer, radiographic evidence of intra-tumor cavitation, or gross hemoptysis within the
preceding 2 months, and patients receiving therapeutic anticoagulation or chronic anti-platelet therapy other than once daily
aspirin. The study also excluded patients whose only prior treatment for advanced NSCLC was a tyrosine kinase (epidermal
growth factor receptor [EGFR] or anaplastic lymphoma kinase [ALK]) inhibitor. The data described below reflect exposure
to CYRAMZA plus docetaxel in 627 patients in Study 3. Demographics and baseline characteristics were similar between
treatment arms. Median age was 62 years; 67% of patients were men; 84% were White and 12% were Asian; 33% had
ECOG PS 0; 74% had non-squamous histology and 25% had squamous histology. Patients received a median of 4.5 doses of
CYRAMZA; the median duration of exposure was 3.5 months, and 195 (31% of 627) patients received CYRAMZA for at least
six months.
In Study 3, the most common adverse reactions (all grades) observed in CYRAMZA plus docetaxel-treated patients at a rate of
≥30% and ≥2% higher than placebo plus docetaxel were neutropenia, fatigue/asthenia, and stomatitis/mucosal inflammation.
Treatment discontinuation due to adverse reactions occurred more frequently in CYRAMZA plus docetaxel-treated patients
(9%) than in placebo plus docetaxel-treated patients (5%). The most common adverse events leading to treatment
discontinuation of CYRAMZA were infusion-related reaction (0.5%) and epistaxis (0.3%). For patients with non-squamous
histology, the overall incidence of pulmonary hemorrhage was 7% and the incidence of ≥Grade 3 pulmonary hemorrhage was
1% for CYRAMZA plus docetaxel compared to 6% overall incidence and 1% for ≥Grade 3 pulmonary hemorrhage for placebo
plus docetaxel. For patients with squamous histology, the overall incidence of pulmonary hemorrhage was 10% and the
incidence of ≥Grade 3 pulmonary hemorrhage was 2% for CYRAMZA plus docetaxel compared to 12% overall incidence and
2% for ≥Grade 3 pulmonary hemorrhage for placebo plus docetaxel. The most common serious adverse events with CYRAMZA
plus docetaxel were febrile neutropenia (14%), pneumonia (6%), and neutropenia (5%). The use of granulocyte colonystimulating factors was 42% in CYRAMZA plus docetaxel-treated patients versus 37% in patients who received placebo plus
docetaxel. In patients ≥65 years, there were 18 (8%) deaths on treatment or within 30 days of discontinuation for CYRAMZA
plus docetaxel and 9 (4%) deaths for placebo plus docetaxel. In patients <65 years, there were 13 (3%) deaths on treatment
or within 30 days of discontinuation for CYRAMZA plus docetaxel and 26 (6%) deaths for placebo plus docetaxel.
Table 3 provides the frequency and severity of adverse reactions in Study 3.

Adverse Reactions (MedDRA)
System Organ Class

Blood and Lymphatic System Disorders
Febrile neutropenia
16
Neutropenia
55
Thrombocytopenia
13
Gastrointestinal Disorders
Stomatitis/Mucosal inflammation
37
Eye Disorders
Lacrimation increased
13
General Disorders and Administration Site Disorders
Fatigue/Asthenia
55
Peripheral edema
16
Respiratory, Thoracic, and Mediastinal Disorders
Epistaxis
19
Vascular Disorders
Hypertension
11
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Table 4: Adverse Reactions Occurring at Incidence Rate ≥5% and a ≥2% Difference
Between Arms in Patients Receiving CYRAMZA in Study 4
Adverse Reactions
(MedDRA) System
Organ Class

CYRAMZA plus FOLFIRI
N=529

Placebo plus FOLFIRI
N=528

All Grades
(Frequency %)

Grade ≥3
(Frequency %)

All Grades
(Frequency %)

Grade ≥3
(Frequency %)

Neutropenia

59

38

46

23

Thrombocytopenia

28

3

14

<1

Blood and Lymphatic System Disorders

Gastrointestinal Disorders
Decreased appetite

37

2

27

2

Diarrhea

60

11

51

10

Gastrointestinal hemorrhage events

12

2

7

1

Stomatitis

31

4

21

2

20

<1

9

0

6

1

2

0

17

3

5

<1

33

0

15

0

13

1

5

<1

26

11

9

3

General Disorders and Administration Site Disorders
Peripheral edema
Metabolism and Nutrition Disorders
Hypoalbuminemia
Renal and Urinary Disorders
Proteinuriaa
Respiratory, Thoracic, and Mediastinal Disorders
Epistaxis
Skin and Subcutaneous Tissue Disorders
Palmar-plantar erythrodysesthesia
syndrome

Table 3: Adverse Reactions Occurring at Incidence Rate ≥5% and a ≥2%
Difference Between Arms in Patients Receiving CYRAMZA in Study 3
CYRAMZA plus docetaxel
(N=627)
All Grades
Grade 3-4
(Frequency %)
(Frequency %)

Colorectal Cancer
CYRAMZA Administered in Combination with FOLFIRI
Study 4 was a multinational, randomized, double-blind study conducted in patients with metastatic colorectal cancer
with disease progression on or after therapy with bevacizumab, oxaliplatin, and a fluoropyrimidine. Patients received
either CYRAMZA 8 mg/kg intravenously plus FOLFIRI intravenously every 2 weeks or placebo plus FOLFIRI intravenously
every 2 weeks.
Study 4 excluded patients with an ECOG PS of 2 or greater, uncontrolled hypertension, major surgery within 28 days,
and those who experienced any of the following during first-line therapy with a bevacizumab-containing regimen: an
arterial thrombotic/thromboembolic event; Grade 4 hypertension; Grade 3 proteinuria; a Grade 3-4 bleeding event; or
bowel perforation.
Demographics and baseline characteristics for the treated population were similar between treatment arms (n=1057). Median
age was 62 years; 57% of patients were men; 76% were White and 20% were Asian; 48% had ECOG PS 0.
The data described in this section reflect exposure to CYRAMZA plus FOLFIRI in 529 patients in Study 4. Patients received
a median of 8 doses (range 1-68) of CYRAMZA; the median duration of exposure was 4.4 months, and 169 (32% of 529)
patients received CYRAMZA for at least six months. The most common adverse reactions (all grades) observed in CYRAMZA
plus FOLFIRI-treated patients at a rate of ≥30% and ≥2% higher than placebo plus FOLFIRI were diarrhea, neutropenia,
decreased appetite, epistaxis, and stomatitis. Twenty percent of patients treated with CYRAMZA plus FOLFIRI received
granulocyte colony-stimulating factors. Treatment discontinuation of any study drug due to adverse reactions occurred more
frequently in CYRAMZA plus FOLFIRI-treated patients (29%) than in placebo plus FOLFIRI-treated patients (13%).
The most common adverse reactions leading to discontinuation of any component of CYRAMZA plus FOLFIRI as compared
to placebo plus FOLFIRI, were neutropenia (12.5% versus 5.3%) and thrombocytopenia (4.2% versus 0.8%). The most
common adverse reactions leading to treatment discontinuation of CYRAMZA were proteinuria (1.5%) and gastrointestinal
perforation (1.7%).
The most common serious adverse events with CYRAMZA plus FOLFIRI were diarrhea (3.6%), intestinal obstruction (3.0%),
and febrile neutropenia (2.8%).
Table 4 provides the frequency and severity of adverse reactions in Study 4.

Vascular Disorders

Placebo plus docetaxel
(N=618)
All Grades
Grade 3-4
(Frequency %)
(Frequency %)

16
49
3

10
46
5

10
40
<1

7

19

2

<1

5

0

14
0

50
9

11
<1

<1

7

<1

6

5

2
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Hypertension
a

Includes 3 patients with nephrotic syndrome in the CYRAMZA plus FOLFIRI treatment group.

Clinically relevant adverse reactions reported in ≥1% and <5% of CYRAMZA plus FOLFIRI-treated patients in Study 4
consisted of gastrointestinal perforation (1.7% CYRAMZA plus FOLFIRI versus 0.6% for placebo plus FOLFIRI).
Thyroid stimulating hormone (TSH) levels were evaluated in 224 patients (115 CYRAMZA plus FOLFIRI-treated patients and
109 placebo plus FOLFIRI-treated patients) with normal baseline TSH levels. Patients underwent periodic TSH laboratory
assessments until 30 days after the last dose of study treatment. Increased TSH levels were observed in 53 (46%) patients
treated with CYRAMZA plus FOLFIRI compared with 4 (4%) patients treated with placebo plus FOLFIRI.
Immunogenicity
As with all therapeutic proteins, there is the potential for immunogenicity. In 23 clinical trials, 86/2890 (3.0%) of CYRAMZAtreated patients tested positive for treatment-emergent anti-ramucirumab antibodies by an enzyme-linked immunosorbent
assay (ELISA). Neutralizing antibodies were detected in 14 of the 86 patients who tested positive for treatment-emergent
anti-ramucirumab antibodies.
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 CYRAMZA with the incidences of antibodies to other products may
be misleading.
DRUG INTERACTIONS
No pharmacokinetic interactions were observed between ramucirumab and paclitaxel, between ramucirumab and docetaxel,
or between ramucirumab and irinotecan or its active metabolite, SN-38.
CYRAMZA® (ramucirumab) injection
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USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on its mechanism of action, CYRAMZA can cause fetal harm. Animal models link angiogenesis, VEGF and VEGF
Receptor 2 (VEGFR2) to critical aspects of female reproduction, embryofetal development, and postnatal development. There
are no available data on CYRAMZA in pregnant women to inform any drug-associated risks. No animal studies have been
conducted to evaluate the effect of ramucirumab on reproduction and fetal development. The background risk of major birth
defects and miscarriage for the indicated populations are unknown. In the U.S. general population the estimated background
risk of major birth defects and miscarriage in clinically recognized pregnancies is 2-4% and 15-20%, respectively. Advise
pregnant women of the potential risk to a fetus.
Animal Data
No animal studies have been specifically conducted to evaluate the effect of ramucirumab on reproduction and fetal
development. In mice, loss of the VEGFR2 gene resulted in embryofetal death and these fetuses lacked organized blood
vessels and blood islands in the yolk sac. In other models, VEGFR2 signaling was associated with development and
maintenance of endometrial and placental vascular function, successful blastocyst implantation, maternal and feto-placental
vascular differentiation, and development during early pregnancy in rodents and non-human primates. Disruption of VEGF
signaling has also been associated with developmental anomalies including poor development of the cranial region, forelimbs,
forebrain, heart, and blood vessels.
Lactation
Risk Summary
There is no information on the presence of ramucirumab in human milk, the effects on the breast-fed infant, or the effects on
milk production. Human IgG is present in human milk, but published data suggest that breast milk antibodies do not enter the
neonatal and infant circulation in substantial amounts. Because of the potential risk for serious adverse reactions in nursing
infants from ramucirumab, advise women that breastfeeding is not recommended during treatment with CYRAMZA.
Females and Males of Reproductive Potential
Contraception
Females
Based on its mechanism of action, CYRAMZA can cause fetal harm. Advise females of reproductive potential to use effective
contraception while receiving CYRAMZA and for at least 3 months after the last dose of CYRAMZA.
Infertility
Females
Advise females of reproductive potential that based on animal data CYRAMZA may impair fertility.
Pediatric Use
The safety and effectiveness of CYRAMZA in pediatric patients have not been established. In animal studies, effects on
epiphyseal growth plates were identified. In cynomolgus monkeys, anatomical pathology revealed adverse effects on the
epiphyseal growth plate (thickening and osteochondropathy) at all doses tested (5-50 mg/kg). Ramucirumab exposure at the
lowest weekly dose tested in the cynomolgus monkey was 0.2 times the exposure in humans at the recommended dose of
ramucirumab as a single agent.
Geriatric Use
Of the 563 CYRAMZA-treated patients in two randomized gastric cancer clinical studies, 36% were 65 and over, while
7% were 75 and over. No overall differences in safety or effectiveness were observed between these subjects and
younger subjects.
Of the 1253 patients in Study 3, 455 (36%) were 65 and over and 84 (7%) were 75 and over. Of the 627 patients who received
CYRAMZA plus docetaxel in Study 3, 237 (38%) were 65 and over, while 45 (7%) were 75 and over. In an exploratory subgroup
analysis of Study 3, the hazard ratio for overall survival in patients less than 65 years old was 0.74 (95% CI: 0.62, 0.87) and in
patients 65 years or older was 1.10 (95% CI: 0.89, 1.36).
Of the 529 patients who received CYRAMZA plus FOLFIRI in Study 4, 209 (40%) were 65 and over, while 51 (10%)
were 75 and over. Overall, no differences in safety or effectiveness were observed between these subjects and
younger subjects.
Renal Impairment
No dose adjustment is recommended for patients with renal impairment based on population pharmacokinetic analysis.
Hepatic Impairment
No dose adjustment is recommended for patients with mild (total bilirubin within upper limit of normal [ULN] and aspartate
aminotransferase [AST] >ULN, or total bilirubin >1.0-1.5 times ULN and any AST) or moderate (total bilirubin >1.5-3.0 times
ULN and any AST) hepatic impairment based on population pharmacokinetic analysis. Clinical deterioration was reported in
patients with Child-Pugh B or C cirrhosis who received single-agent CYRAMZA.

Table 5: CYRAMZA Dose Reductions for Proteinuria
Initial CYRAMZA Dose
8 mg/kg
10 mg/kg

First Dose Reduction to:
6 mg/kg
8 mg/kg

Second Dose Reduction to:
5 mg/kg
6 mg/kg

Wound Healing Complications
•
Interrupt CYRAMZA prior to scheduled surgery until the wound is fully healed.
Arterial Thromboembolic Events, Gastrointestinal Perforation, or Grade 3 or 4 Bleeding
•
Permanently discontinue CYRAMZA.
For toxicities related to paclitaxel, docetaxel, or the components of FOLFIRI, refer to the current prescribing information.
PATIENT COUNSELING INFORMATION
• Hemorrhage:
Advise patients that CYRAMZA can cause severe bleeding. Advise patients to contact their health care provider for bleeding or
symptoms of bleeding including lightheadedness.
• Arterial thromboembolic events:
Advise patients of an increased risk of an arterial thromboembolic event.
• Hypertension:
Advise patients to undergo routine blood pressure monitoring and to contact their health care provider if blood pressure is
elevated or if symptoms from hypertension occur including severe headache, lightheadedness, or neurologic symptoms.
• Gastrointestinal perforations:
Advise patients to notify their health care provider for severe diarrhea, vomiting, or severe abdominal pain.
• Impaired wound healing:
Advise patients that CYRAMZA has the potential to impair wound healing. Instruct patients not to undergo surgery without first
discussing this potential risk with their health care provider.
• Pregnancy and fetal harm:
Advise females of reproductive potential of the potential risk for maintaining pregnancy, risk to the fetus, and risk to newborn
and infant development and to use effective contraception during CYRAMZA therapy and for at least 3 months following the
last dose of CYRAMZA.
• Lactation:
Advise patients not to breastfeed during CYRAMZA treatment.
• Infertility:
Advise females of reproductive potential regarding potential infertility effects of CYRAMZA.
Additional information can be found at www.CYRAMZAHCP.com.

DOSAGE AND ADMINISTRATION
Do not administer CYRAMZA as an intravenous push or bolus.
Recommended Dose and Schedule
Gastric Cancer
The recommended dose of CYRAMZA either as a single agent or in combination with weekly paclitaxel is 8 mg/kg every
2 weeks administered as an intravenous infusion over 60 minutes. Continue CYRAMZA until disease progression or
unacceptable toxicity. When given in combination, administer CYRAMZA prior to administration of paclitaxel.
Non-Small Cell Lung Cancer
The recommended dose of CYRAMZA is 10 mg/kg administered by intravenous infusion over 60 minutes on day 1 of a 21-day
cycle prior to docetaxel infusion. Continue CYRAMZA until disease progression or unacceptable toxicity.
Colorectal Cancer
The recommended dose of CYRAMZA is 8 mg/kg every 2 weeks administered by intravenous infusion over 60 minutes prior to
FOLFIRI administration. Continue CYRAMZA until disease progression or unacceptable toxicity.
Premedication
Prior to each CYRAMZA infusion, premedicate all patients with an intravenous histamine H1 antagonist
(e.g., diphenhydramine hydrochloride).
For patients who have experienced a Grade 1 or 2 infusion-related reaction, also premedicate with dexamethasone (or
equivalent) and acetaminophen prior to each CYRAMZA infusion.
Dose Modifications
Infusion-Related Reactions (IRR)
•
Reduce the infusion rate of CYRAMZA by 50% for Grade 1 or 2 IRRs.
•
Permanently discontinue CYRAMZA for Grade 3 or 4 IRRs.
Hypertension
•
Interrupt CYRAMZA for severe hypertension until controlled with medical management.
•
Permanently discontinue CYRAMZA for severe hypertension that cannot be controlled with antihypertensive therapy.
Proteinuria
•
Interrupt CYRAMZA for urine protein levels ≥2 g/24 hours. Reinitiate treatment at a reduced dose (see Table 5) once the
urine protein level returns to <2 g/24 hours. If the protein level ≥2 g/24 hours reoccurs, interrupt CYRAMZA and reduce
the dose (see Table 5) once the urine protein level returns to <2 g/24 hours.
•
Permanently discontinue CYRAMZA for urine protein level >3 g/24 hours or in the setting of nephrotic syndrome.
®
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Guardrails Keep Oncology Waste
Management on the Right Track
by BRITTANY LOVELY

A LARGE PROPORTION OF medical waste in
oncology is considered hazardous and must
be disposed of correctly. It is part of a humongous stream of waste that has contributed
to a medical trash disposal industry estimated at $3.2 billion in 2019, up 4.8% from
last year. In fact, close to 200 medical waste
disposal businesses were active in the United
States in 2019.1
Those statistics wouldn’t
surprise George Calcanes,
MD, chief clinical officer at
New York Cancer and Blood
Specialists in New York
City. “I wish there were
GEORGE
more that we could do to
CALCANES, MD
not generate as much waste
as we do, but I’m not hopeful,” he said. “We
use a lot of stuff to take care of the patient—
I’m always shocked at how much. I think here
we have it at the minimum.”
The business of medical waste disposal
took off with the Medical Waste Tracking Act
of 1988, which established a pilot program
to ensure the legal disposal of the many
tons of waste produced at clinics and hospitals annually.2 Significant accumulations of
medical waste had turned up on beaches on
the East Coast.
The Centers for Disease Control and
Prevention (CDC) estimates that 8 million
US healthcare workers are potentially
exposed to hazardous drugs in the workplace,
so proper disposal methods are needed even
before waste leaves the clinic.3 In oncology,
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particularly with respect to the handling of
chemotherapy drugs, workers over time may
suffer exposures that cause chronic health
effects such as rashes and adverse reproductive outcomes, as well as potential cancers,
according to the CDC.
Safety of patients, practitioners, and staff
is crucial during the handling and administration of the hazardous products, and safety
protocols are heavily prescribed by multiple regulatory bodies. The United States
Pharmacopeial Convention, Occupational
Safety and Health Administration, National
Institute for Occupational Safety and Health,
Environmental Protection Agency (EPA), and
Drug Enforcement Administration (DEA)
maintain lists of hazardous pharmaceuticals
and have established standards to protect
individuals from hazardous drug exposure, although the EPA has not had authority
over medical waste since the Medical Waste
Tracking Act expired in 1991. Primary
regulation now originates from state environmental and health departments.2
Waste ranges from unused drug products to drug residue on surfaces, needles,
gloves, and safety goggles, as well as in
human waste that cannot safely be flushed
down a toilet. Similarly, waste disposal
regulations come in many forms. Medical
waste with trace chemotherapy toxins—
eg, gloves, draping, empty containers—may
be deemed hazardous by certain state
standards and can be handled by medical waste disposal companies as long as

these items are marked for incineration.3
Various states, however, require that certain
items of medical waste be collected by an
EPA-permitted transporter.
Jim Schwartz, RPh,
executive director of pharmacy operations at Texas
Oncology in Dallas, said
that although the language
of disposal regulations
JIM
can be complicated, a good
SCHWARTZ, RPh
system can simplify and
clarify the process to avoid mistakes by clinicians and staff. “Empty chemotherapy vials
and used syringes—we put those in yellow
bins, and they are put in a separate bin
away from everything else in the facility,”
Schwartz said. Doctors and staff can check
the clinic’s readily accessible list of hazardous drugs and dispose of those products
safely. “Anytime we have those drugs, we put
them in a separate white bin, and they are
kept separate from the others,” he said.

KNOW BEFORE YOU THROW:
WHAT IS HAZARDOUS WASTE?
A large proportion of a healthcare practice’s
budget goes toward supplies, much of which
ends up as waste. Across the industry, this
results in 7000 tons of waste every day and
$10 billion in disposal costs annually.4
Healthcare practices can produce up to
25 pounds of waste per day per patient.
Of that, approximately 85% is classified as
nonhazardous and can be tossed in the trash.

TEAMWORK FOR DISPOSAL
Waste management facilities rely on open
communication with practices and environmental health and safety departments to
ensure that materials are separated properly
for final disposal.
For example, practices should know that
not everything marked hazardous can go
into the same disposal container. “There
are different types of incineration facilities for hazardous waste—they burn at a
higher temperature,” Simaga said. “We
know it is not everybody’s favorite thing,
because they have more important things
to focus on, such as their patients, but we

Industry Snapshot:

Medical Waste Disposal Services Demonstrate Growth1
GROWTH OF US MEDICAL WASTE DISPOSAL MARKET: 2009-2019
$3.2 BILLION

3.5
Market Size in Billions of Dollars ($)

The other 15% is classified as regulated waste
or biohazardous material (<5%), and containment, handling, and disposal practices must
comply with federal and state regulations.5
An effective waste management plan can
simultaneously cut down on waste and reduce
the expense of getting rid of it.
Similarly, a waste management plan will
help prevent mishandling of the 15% of materials that fall within the regulated medical
waste category. Part of that job can be done
by a waste management company, but cooperation from oncology and other healthcare
practices is essential.
“We rely a lot on these
facilities to segregate waste
from the get-go,” said Cara
Simaga, director of regulatory affairs at Stericycle,
a medical waste management facility based in
CARA SIMAGA
Bannockburn, Illinois. “That
is key and is why we offer
a lot of training documents and color-coded
labels. It can be confusing because there are
a lot of different wastes that come out of pharmacies and hospitals and practices, especially
oncology-related wastes.”
Stericycle, a multinational company,
specializes in regulated medical waste
management, hazardous waste management,
and sharps [eg, syringes] waste management,
as well as drug disposal. The company was
founded in 1989 in response to the Medical
Waste Tracking Act and the tide of medical
waste found on beaches in New York and New
Jersey. The company reported $3.49 billion in
revenue in 2018.6

Growth
since 2018
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Medical waste disposal
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6938

10,143

Annualized employment growth:

2014-2019

194
try really hard to make it
easy and streamline for
that customer, because we
really need them to do the
proper segregation on the
front end to be successful.”
At Fred Hutchinson
DONALD T. WANG,
Cancer Research Center in
MPH, RBP, CBSP
Seattle, Washington, staff
and practitioners take separation seriously.
“You do not want to second guess what it is
and what it is not,” said Donald T. Wang, MPH,
RBP, CBSP, director of Environmental Health
and Safety at Fred Hutch. “Usually the drug is
clearly labeled, identifying the materials you
are dealing with, and that guides the flow of
where to dispose them once they are done.”
Beyond using colored bins, bar codes, and
standardized logs, there are other ways to

1.9%

streamline disposal and ensure safety and
compliance. “Consistency is everything,”
Wang said. “We’ve been using more symbols
that make things a little clearer. Rather than
numbers and codes, there are more pictures
to identify the hazards.”

NEW AGENTS ADD COMPLEXITY
Therapies being developed to target cancer
present additional hurdles to regulating
and disposing of waste following therapy. In
addition to creating the standard stream of
intravenous bags, contaminated syringes,
and other therapy-related waste, these
agents may contain hazardous properties
and must be handled with care. For example,
the production of chimeric antigen receptor
T cells yields hazardous biologics, including
anticoagulants and excess viral vectors.7
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“Cancer treatments are not being tackled
only from a chemical end these days. There
[are] a lot of exciting [things] going on especially in immunotherapy, but that waste is
more of biologic type,” Wang noted. As treatments evolve, protocols ensuring the safe and
proper disposal of materials must be adjusted.
“Regulation and technology are always butting heads with each other. We are looking at
immunotherapy and nanoparticles, [and] we
have radioactive treatments and good old-fashioned chemical treatments, so we have a lot of
potential therapies for patients with cancer,
and regulations sometimes do not keep up
with that,” Wang said. Until every treatment
carries a disposal guideline from a regulatory
authority, facilities must use their best professional judgment regarding the potential risks
of the products, he added.

USP <800>
The development of United States
Pharmacopeia (USP) General Chapter <800>
has been of concern to practices because of
the costly and disruptive changes needed to
comply with its terms. The purpose of the
chapter, set to be implemented in December
2019, is to describe practice and quality
standards for handling hazardous drugs
in healthcare settings and promote patient
and worker safety, while also protecting
the environment.8
USP <800> requires a standard operating procedure for the waste disposal and
compliance with applicable state and federal
regulations; by itself, it does not affect
how healthcare facilities handle disposal,
Simaga said. “People have been calling us
in a panic, asking, ‘How does this change
how I dispose of things?’ Practices should
continue to refer to the state and federal
regulations for disposal. The good thing
is, USP <800> has brought attention to
waste disposal and will help to make sure
that all workers in a healthcare facility are
protected when managing waste from
oncology medications.”
Accrediting bodies such as The Joint
Commission, as well as pharmacy practice laws and professional licensing boards,
reference or include USP standards.
Enforcement of USP <800> standards,
however, will depend on local, state, and
federal regulatory agencies.8
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FOLOWING NEW STANDARDS
Healthcare facilities do need to focus on the
final rule for the EPA’s Management Standards
for Hazardous Waste Pharmaceuticals, which
went into effect in 8 states on August 21,
2019, and will apply to all 50 states by July
1, 2021.9 The regulation is designed to end
a prevalent practice of disposing of leftover medications by pouring them down the
drain or flushing them. It also covers the
rinsing of pharmaceutical containers.9
Hazardous waste pharmaceuticals should
be segregated and disposed of in proper
containers. Smaller facilities with waste
output that might be increased by compliance with the new regulation can maintain
their current operating procedures. The rule
is intended to prevent an estimated 1644 to
2300 tons of hazardous pharmaceutical waste
annually from entering the environment
and waterways.9

given advice about medication disposal by a
healthcare provider, and less than one-fourth
(22.9%) reported returning unused medication
to a pharmacy for disposal.10
In another survey determining how
much medication goes unused, approximately 2 out of 3 prescription medications
were reported as not fully used in the study
sample of 238 people. The most common
reasons given for not using medication were
improvement of the disease or condition
(42.4%), forgetfulness (5.8%), and adverse
events (6.5%). “Throwing medications in the
trash” was found to be the most common
method of disposal (63%).10
The DEA sponsors drug take-back days
across the country, offering collection sites
for unused or expired medication. Waste
disposal companies also give practices
and community pharmacies envelopes so
patients can send unused drugs back to a
medical waste facility or drop off bottles at
kiosks for proper disposal. n
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REDUCING WASTE
IN AND OUT OF PRACTICE
Although reducing medical waste generation is difficult to achieve, Calcanes sees
hope in drug return programs. “We have a
program to prevent patients from flushing
pills down the toilet. Instead, they can bring
their drugs here and we can dispose of them
so they do not go into the water supply.”
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ALL

PARP INHIBITORS
ARE NOT THE SAME

1-3

ZEJULA is the only PARP inhibitor evaluated in a Phase 3 trial
that isolated the gBRCAmut and non-gBRCAmut cohorts4-6

gBRCAmut

21

non-gBRCAmut

vs

MONTHS ZEJULA

5.5 9.3
MONTHS Placebo

vs

MONTHS ZEJULA

3.9
MONTHS Placebo

Median PFS

Median PFS

HR=0.26; 95% CI, 0.17-0.41, P<0.0001

HR=0.45; 95% CI, 0.34-0.61, P<0.0001

Study design: NOVA, a Phase 3, double-blind, placebo-controlled trial, evaluated the safety and efficacy of ZEJULA in women (N=553) with recurrent epithelial
ovarian, fallopian tube, or primary peritoneal cancer following CR or PR to second-line or later platinum-based chemotherapy. Patients were randomized to
receive ZEJULA or placebo once daily. The primary end point was PFS as assessed by an independent review. NOVA separately evaluated PFS in both the
gBRCAmut and non-gBRCAmut cohorts. PFS was measured from time of randomization to time of disease progression or death.1,4

SEE THE DIFFERENCE AT ZEJULA.COM/HCP
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.

Important Safety Information
Myelodysplastic Syndrome/Acute Myeloid Leukemia (MDS/AML), including
some fatal cases, was reported in 1.4% of patients receiving ZEJULA
vs 1.1% of patients receiving placebo in Trial 1 (NOVA), and 0.9%
of patients treated with ZEJULA in all clinical studies. The duration
of ZEJULA treatment in patients prior to developing MDS/AML varied
from <1 month to 2 years. All patients had received prior chemotherapy
with platinum and some had also received other DNA damaging agents
and radiotherapy. Discontinue ZEJULA if MDS/AML is confirmed.
Hematologic adverse reactions (thrombocytopenia, anemia and
neutropenia) have been reported in patients receiving ZEJULA. Grade ≥3
thrombocytopenia, anemia and neutropenia were reported in 29%, 25%,
and 20% of patients receiving ZEJULA, respectively. Discontinuation due to
thrombocytopenia, anemia, and neutropenia occurred, in 3%, 1%, and 2%
of patients, respectively. 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 of treatment, 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. Grade 3-4 hypertension occurred in 9% of patients
receiving ZEJULA vs 2% of patients receiving placebo in Trial 1, with
discontinuation occurring in <1% of patients. Monitor blood pressure
and heart rate 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.
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. Because of the potential for serious adverse reactions from
ZEJULA in breastfed infants, advise lactating women to not breastfeed
during treatment with ZEJULA and for 1 month after receiving the final dose.
In clinical studies, the most common adverse reactions (Grades 1-4) in
≥10% of patients included: thrombocytopenia (61%), anemia (50%),
neutropenia (30%), leukopenia (17%), palpitations (10%), nausea
(74%), constipation (40%), vomiting (34%), abdominal pain/distention
(33%), mucositis/stomatitis (20%), diarrhea (20%), dyspepsia (18%),
dry mouth (10%), fatigue/asthenia (57%), decreased appetite (25%),
urinary tract infection (13%), aspartate aminotransferase (AST)/alanine
aminotransferase (ALT) elevation (10%), myalgia (19%), back pain
(18%), arthralgia (13%), headache (26%), dizziness (18%), dysgeusia
(10%), insomnia (27%), anxiety (11%), nasopharyngitis (23%),
dyspnea (20%), cough (16%), rash (21%) and hypertension (20%).
Common lab abnormalities (Grades 1-4) in ≥25% of patients included:
decrease in hemoglobin (85%), decrease in platelet count (72%),
decrease in white blood cell count (66%), decrease in absolute neutrophil
count (53%), increase in AST (36%) and increase in ALT (28%).
Please see Brief Summary on the following pages.

BRCA, breast cancer susceptibility gene; CI, confidence interval; CR, complete response; gBRCAmut, germline breast cancer susceptibility gene mutated; HR, hazard
ratio; non-gBRCAmut, not germline BRCA mutated; PARP, poly (ADP-ribose) polymerase; PFS, progression-free survival; PR, partial response.
TESARO, Inc. | 1000 Winter Street | Waltham, MA 02451
TESARO, ZEJULA, and the logo designs presented in this material are registered trademarks of TESARO, Inc.
©2019 TESARO, Inc. All rights reserved. PP-ZEJ-US-0435 3/19

Table 3: Dose modifications for hematologic
adverse reactions
Monitor complete blood counts weekly for the first month, monthly for
the next 11 months of treatment and periodically after this time
[see Warnings and Precautions].
First occurrence:
• Withhold ZEJULA for a maximum of
28 days and monitor blood counts weekly
until platelet counts return to ≥100,000/μL.

capsules 100 mg

• Resume ZEJULA at same or reduced dose
per Table 1.

BRIEF SUMMARY OF
PRESCRIBING INFORMATION
These highlights do not include all the information needed to use
ZEJULA safely and effectively. See full prescribing information for
ZEJULA available at www.ZEJULA.com.

• If platelet count is <75,000/μL, resume at
a reduced dose.
Platelet count
<100,000/μL

ZEJULA® (niraparib) capsules

• Discontinue ZEJULA if the platelet count
has not returned to acceptable levels within
28 days of the dose interruption period, or
if the patient has already undergone dose
reduction to 100 mg once daily.*

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.

DOSAGE AND ADMINISTRATION
Recommended Dosage

Dose Adjustments for Adverse Reactions
To manage adverse reactions, consider interruption of treatment, dose
reduction, or dose discontinuation. The recommended dose modifications
for adverse reactions are listed in Tables 1, 2 and 3.

Table 1: Recommended dose modifications for adverse
reactions
Dose level

Dose

Starting dose

300 mg/day
(three 100 mg capsules)

First dose reduction

200 mg/day
(two 100 mg capsules)

Second dose reduction

100 mg/day*
(one 100 mg capsules)

*If further dose reduction below 100 mg/day is required,
discontinue ZEJULA.

• Withhold ZEJULA for a maximum of
28 days and monitor blood counts weekly
until platelet counts return to ≥100,000/μL.
• Resume ZEJULA at a reduced dose per
Table 1.

INDICATIONS AND USAGE

The recommended dose of ZEJULA as monotherapy is 300 mg (three 100 mg
capsules) taken orally once daily.
Instruct patients to take their dose of ZEJULA at approximately the same
time each day. Each capsule should be swallowed whole. ZEJULA may be
taken with or without food. Bedtime administration may be a potential
method for managing nausea.
Patients should start treatment with ZEJULA no later than 8 weeks after
their most recent platinum-containing regimen.
ZEJULA treatment should be continued until disease progression or
unacceptable toxicity.
In the case of a missed dose of ZEJULA, instruct patients to take their next
dose at its regularly scheduled time. If a patient vomits or misses a dose of
ZEJULA, an additional dose should not be taken.

Second occurrence:

• Withhold ZEJULA for a maximum of
28 days and monitor blood counts weekly
until neutrophil counts return to ≥1,500/μL
or hemoglobin returns to ≥9 g/dL.
Neutrophil
<1,000/μL or
Hemoglobin <8 g/dL

Hematologic adverse
reaction requiring
transfusion

• Resume ZEJULA at a reduced dose per
Table 1.
• Discontinue ZEJULA if neutrophils
and/or hemoglobin have not returned to
acceptable levels within 28 days of the
dose interruption period, or if the patient
has already undergone dose reduction to
100 mg once daily.*
• For patients with platelet count
≤10,000/μL, platelet transfusion should
be considered. If there are other risk
factors such as co-administration of
anticoagulation or antiplatelet drugs,
consider interrupting these drugs and/or
transfusion at a higher platelet count.

*If myelodysplastic syndrome or acute myeloid leukemia (MDS/AML) is
confirmed, discontinue ZEJULA [see Warnings and Precautions].

Hypertension and hypertensive crisis have been reported in patients
treated with ZEJULA. Grade 3-4 hypertension occurred in 9% of ZEJULA
treated patients compared to 2% of placebo treated patients in Trial 1.
Discontinuation due to hypertension occurred in <1% of patients.
Monitor blood pressure and heart rate 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 ZEJULA dose, if
necessary [see Dosage and Administration].

Embryo-Fetal Toxicity
Based on its mechanism of action, ZEJULA can cause fetal harm when
administered to a pregnant woman. 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]. 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].

ADVERSE REACTIONS
The following clinically significant adverse reactions are described
elsewhere in the labeling:
• Myelodysplastic Syndrome/Acute Myeloid Leukemia
[see Warnings and Precautions]
• Bone Marrow Suppression [see Warnings and Precautions]
• Cardiovascular Effects [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 to rates in the clinical trials of another drug and may not
reflect the rates observed in practice.
The safety of ZEJULA monotherapy 300 mg once daily has been studied
in 367 patients with platinum-sensitive recurrent ovarian, fallopian tube,
and primary peritoneal cancer in Trial 1 (NOVA). Adverse reactions in
Trial 1 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 Trial 1 was
15%. The median exposure to ZEJULA in these patients was 250 days.
Table 4 and Table 5 summarize the common adverse reactions and
abnormal laboratory findings, respectively, observed in patients treated
with ZEJULA.

Table 4: Adverse Reactions Reported in ≥10% of Patients
Receiving ZEJULA
Grades 1-4*

DOSAGE FORMS AND STRENGTHS
100 mg capsule having a white body with “100 mg” printed in black ink,
and a purple cap with “Niraparib” printed in white ink.

ZEJULA
N=367
%

CONTRAINDICATIONS
None.

WARNINGS AND PRECAUTIONS
Myelodysplastic Syndrome/Acute Myeloid Leukemia

Non-hematologic CTCAE*
≥ Grade 3 adverse reaction
where prophylaxis is not
considered feasible or
adverse reaction persists
despite treatment

• Withhold ZEJULA for a
maximum of 28 days or until
resolution of adverse reaction.
• Resume ZEJULA at a reduced
dose per Table 1. Up to 2 dose
reductions are permitted.

CTCAE ≥ Grade 3
treatment-related
adverse reaction lasting
more than 28 days while
patient is administered
ZEJULA 100 mg/day

Discontinue medication.

Bone Marrow Suppression

*CTCAE=Common Terminology Criteria for Adverse Events

Cardiovascular Effects

• Resume ZEJULA at a reduced dose.

Myelodysplastic Syndrome/Acute Myeloid Leukemia (MDS/AML), including
cases with fatal outcome, have been reported in patients who received
ZEJULA. In Trial 1 (NOVA), MDS/AML occurred in 5 out of 367 (1.4%) of
patients who received ZEJULA and in 2 out of 179 (1.1%) patients who
received placebo. Overall, MDS/AML has been reported in 7 out of 751
(0.9%) patients treated with ZEJULA in clinical studies.
The duration of ZEJULA treatment in patients prior to developing
MDS/AML varied from <1 month to 2 years. All patients had received
previous chemotherapy with platinum and some had also received other
DNA damaging agents and radiotherapy. Discontinue ZEJULA if MDS/AML
is confirmed.

Table 2: Dose modifications for non-hematologic
adverse reactions

bone marrow analysis and blood sample for cytogenetics [see Dosage
and Administration].

Hematologic adverse reactions (thrombocytopenia, anemia and
neutropenia) have been reported in patients treated with ZEJULA. Grade ≥3
thrombocytopenia, anemia and neutropenia were reported, respectively, in
29%, 25%, and 20% of patients receiving ZEJULA. Discontinuation due to
thrombocytopenia, anemia, and neutropenia occurred, respectively, in 3%,
1%, and 2% 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

Placebo
N=179
%

Grades 3-4*
ZEJULA
N=367
%

Placebo
N=179
%

Blood and Lymphatic System Disorders
Thrombocytopenia

61

5

29

0.6

Anemia

50

7

25

0

30

6

20

2

17

8

5

0

10

2

0

0

Neutropenia

†

Leukopenia

Cardiac Disorders
Palpitations

Gastrointestinal Disorders
Nausea

74

35

3

1

Constipation

40

20

0.8

2

Vomiting

34

16

2

0.6

Abdominal pain/
distention

33

39

2

2

Mucositis/
stomatitis

20

6

0.5

0

Diarrhea

20

21

0.3

1

Dyspepsia

18

12

0

0

Dry mouth

10

4

0.3

0
(continued)

Table 4: Adverse Reactions Reported in ≥10% of Patients
Receiving ZEJULA (continued)
Grades 1-4*
ZEJULA
N=367
%

Placebo
N=179
%

Grades 3-4*
ZEJULA
N=367
%

Placebo
N=179
%

General Disorders and Administration Site Conditions
Fatigue/Asthenia

57

41

8

0.6

Metabolism and Nutrition Disorders
Decreased
appetite

25

15

0.3

0.6

13

8

0.8

1

10

5

4

2

Infections and Infestations
Urinary tract
infection

Investigations
AST/ ALT elevation

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, gamma-glutamyl transferase
increased, blood creatinine increased, blood alkaline phosphatase
increased, weight decreased, depression, epistaxis.

USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
Based on its mechanism of action, ZEJULA can cause fetal harm when
administered to pregnant women. 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 embryo-fetal death since
niraparib is genotoxic and targets actively dividing cells in animals and
patients (e.g., bone marrow) [see Warnings and Precautions]. 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.

Lactation

Musculoskeletal and Connective Tissue Disorders
Myalgia

19

20

0.8

0.6

Back pain

18

12

0.8

0

Arthralgia

13

15

0.3

0.6

Nervous System Disorders

Risk Summary
No data are available regarding the presence of niraparib or its metabolites
in human milk, or on its effects on the breastfed infant or milk production.
Because of the potential for serious adverse reactions in breastfed infants
from ZEJULA, advise a lactating woman not to breastfeed during treatment
with ZEJULA and for 1 month after receiving the final dose.

Headache

26

11

0.3

0

Females and Males of Reproductive Potential

Dizziness

18

8

0

0

Dysgeusia

10

4

0

0

Insomnia

27

8

0.3

0

Pregnancy Testing
ZEJULA can cause fetal harm when administered to a pregnant woman [see
Use in Specific Populations].
A pregnancy test is recommended for females of reproductive potential prior
to initiating ZEJULA treatment.

Anxiety

11

7

0.3

0.6

Psychiatric Disorders

Respiratory, Thoracic, and Mediastinal Disorders
Nasopharyngitis

23

14

0

0

Dyspnea

20

8

1

1

Cough

16

5

0

0

Skin and Subcutaneous Tissue Disorders
Rash

21

9

0.5

0

20

5

9

2

Vascular Disorders
Hypertension

Contraception
Females
ZEJULA can cause fetal harm when administered to a pregnant woman [see
Use in Specific Populations].
Advise females of reproductive potential to use effective contraception
treatment with ZEJULA and for at least for 6 months following the last dose.
Infertility
Males
Based on animal studies, ZEJULA may impair fertility in males of
reproductive potential.

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 myelodysplastic syndrome (MDS) or
acute myeloid leukemia (AML) which has been reported in patients treated
with ZEJULA [see Warnings and Precautions].
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].
Cardiovascular Effects
Advise patients to undergo monthly blood pressure and heart rate
monitoring for the first year of treatment and then periodically thereafter
and to contact their healthcare provider if blood pressure is elevated [see
Warnings and Precautions].
Dosing Instructions
Inform patients on how to take ZEJULA [see Dosage and Administration].
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 and Use in
Specific Populations].
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].
Lactation
Advise patients not to breastfeed while taking ZEJULA and for 1 month after
the last dose [see Use in Specific Populations].
Manufactured for: TESARO, Inc. 1000 Winter St., Waltham,
MA 02451
ZEJULA is a registered trademark of TESARO, Inc.
All other trademarks referenced herein are the property of their
respective owners.
©2017, 2018, 2019 TESARO, Inc. All rights reserved.
Rev. 3: 03/2019

Pediatric Use

*CTCAE=Common Terminology Criteria for Adverse Events version 4.02
†
Neutropenia includes preferred terms of neutropenic infection and
neutropenic sepsis

Table 5: Abnormal Laboratory Findings in ≥25% of Patients
Receiving ZEJULA
Grades 1-4

Grades 3-4

Safety and effectiveness of ZEJULA have not been established in pediatric
patients.

Geriatric Use
In Trial 1 (NOVA), 35% of patients were aged ≥65 years and 8% were aged
≥75 years. 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.

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.

ZEJULA
N=367
(%)

Placebo
N=179
(%)

ZEJULA
N=367
(%)

Placebo
N=179
(%)

Decrease in
hemoglobin

85

56

25

0.5

Decrease in
platelet count

72

21

35

0.5

Decrease in
WBC count

66

37

7

0.7

Decrease
in absolute
neutrophil count

53

25

21

2

Increase in AST

36

23

1

0

There is no specific treatment in the event of ZEJULA overdose, and
symptoms of overdose are not established. In the event of an overdose,
healthcare practitioners should follow general supportive measures and
should treat symptomatically.

Increase in ALT

28

15

1

2

PATIENT COUNSELING INFORMATION

Hepatic Impairment
No dose adjustment is needed in patients with mild hepatic impairment
according to the National Cancer Institute – Organ Dysfunction Working
Group (NCI-ODWG) criteria. The safety of ZEJULA in patients with moderate
to severe hepatic impairment is unknown.

OVERDOSAGE

N=number of patients; WBC=white blood cells; ALT=Alanine
aminotransferase; AST=Aspartate aminotransferase

Advise the patient to read the FDA-approved patient labeling.
MDS/AML

PP-ZEJ-US-0087 3/19
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New Myeloma Guidelines Reflect Advances
in Imaging, Explosion of Treatment Options
by JENS HILLENGASS, MD
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Imaging scans for the same patient show that conventional skeletal x-ray, left, misses osteolytic lesions (shown with arrows) that can be detected
with CT, right.

MULTIPLE MYELOMA (MM) is a monoclonal plasma cell
disorder characterized by the infiltration and proliferation of malignant cells in the bone marrow. One of
the major symptoms of myeloma is the development of
osteolytic lesions in the skeleton. This characteristic
feature of the disease makes imaging an important tool
in the assessment of disease severity.
Until recently, MM imaging was performed using
conventional skeletal surveys. However, we’ve known
for a long time—beginning with data published over
40 years ago—that 30% to 50% of bone substance has
to be destroyed until this degradation shows up on
conventional x-ray.

IMWG RESEARCH DRIVES
FIRST NEW GUIDELINES IN 10 YEARS
In 2017, the International Myeloma Working Group
(IMWG) published a retrospective analysis showing
that conventional skeletal x-ray survey misses 25%
of instances where patients have osteolytic lesions
discernible with computed tomography (CT) imaging.1
Current CT scanners allow us to perform whole-body
low-dose scans with a comparably low radiation dose.
Especially in the United States and southern Europe,
many centers have been using positron emission tomography (PET)/CT imaging for quite some time to assess
tumor burden in myeloma.
The conclusions of that IMWG analysis were clear: If
PET/CT is available and in use, the CT part of the scan
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should be performed with a setting that is equal to a
whole-body low-dose CT to get sufficient data on the
osteolytic activity.
With a goal of disseminating these compelling findings and filling the void for updated, evidence-based
guidance specifically addressing the use of imaging
to diagnose, stage, and monitor patients with MM, our
IMWG imaging panel set about expanding that recommendation into a comprehensive set of guidelines.
The resulting guidance, “International Myeloma
Working Group Consensus Recommendations on
Imaging in Monoclonal Plasma Cell Disorders,” was
published in Lancet Oncology in June 2019.2 Imaging
approaches and technologies have advanced dramatically since the last such guidance was developed a
decade ago, driving earlier and more effective detection
and treatment, so it was high time for an update.

KEY CHANGES IN PANEL’S
2019 RECOMMENDATIONS
The most significant departure from previous
guidelines on imaging in MM, driven largely by considerations over the applicability and economics of
implementation—was the recommendation for wholebody low-dose CT as the primary screening method to
be replaced by PET/CT where available.
Magnetic resonance imaging (MRI) has been shown
to have the highest sensitivity for the detection of focal
and diffuse infiltration of the bone marrow by myeloma
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cells, both of which have been shown to
precede the osteolytic process in patients
with smoldering myeloma. Therefore, if CT
is negative but there is still suspicion of
myeloma, whole-body MRI is recommended
to rule out focal lesions that have not yet
caused bone destruction.
Current treatment regimens lead to far
higher complete response (CR) rates and
even minimal residual disease (MRD)negative rates than in the past. However, if
CR or MRD negativity are confirmed in the
bone marrow, this only reliably gives information on the area where the biopsy has
been performed.
Since myeloma can grow in a rather
patchy fashion, additional imaging is
recommended. In this setting, PET/CT has
been shown to provide the most reliable
results and is therefore recommended—
at least within clinical trials—to confirm
that in cases of serological and bone
marrow-confirmed deep remission, no
residual lesions outside the area of a biopsy
can be detected. This is relevant, since
those residual lesions in imaging have been
shown to be of adverse prognostic significance, most likely representing a source of
the disease relapse.

NCCN CLINICAL GUIDELINES
ALSO UPDATED THIS YEAR
The National Comprehensive Cancer
Network’s (NCCN) Multiple Myeloma Panel
also updated the NCCN guidelines for
imaging.3 Our panel not only incorporated
updated guidance on imaging, adopting
the key recommendations of the IMWG, but
we also refined many elements related to
myeloma diagnosis and treatment.
Among the new, or significantly revised,
recommendations within this latest iteration of the NCCN guidelines for MM are the
following changes:
• New options for primary therapy for
transplant candidates:
- Bortezomib (Velcade) plus
doxorubicin and dexamethasone
is now labeled as useful only in
certain circumstances.
- Carfilzomib (Kyprolis) plus cyclophosphamide and dexamethasone
and ixazomib (Ninlaro) plus cyclophosphamide and dexamethasone

• Other new recommendations
for patients with previously
treated disease:
- Pomalidomide (Pomalyst) plus bortezomib and dexamethasone is now a
category 1 recommendation.
- Two new regimens are now identified
as useful in certain circumstances:
carfilzomib plus cyclophosphamide,
thalidomide (Thalomid), and dexamethasone; and selinexor (Xpovio)
plus dexamethasone.

are now listed as useful combinations in certain circumstances for
patients with renal insufficiency and/
or peripheral neuropathy.
- Two combinations, bortezomib plus
dexamethasone and lenalidomide
(Revlimid) plus dexamethasone, were
removed as recommended primary
treatment for these patients.

Imaging approaches
and technologies have
advanced dramatically
since the last such
guidance was developed a
decade ago...It was high
time for an update.”
—JENS HILLENGASS, MD

• Updated guidance on primary therapy
for nontransplant candidates:
- Daratumumab (Darzalex) plus lenalidomide and dexamethasone was added
as a category 1 preferred regimen.
- Carfilzomib plus cyclophosphamide
and dexamethasone is now labeled as
useful in certain circumstances.
- Daratumumab plus bortezomib,
melphalan, and prednisone is now a
recommended regimen (category 1).
• Two new regimens for patients on maintenance therapy:
- Ixazomib is added as a category 1
recommendation after transplant.
- Bortezomib plus lenalidomide is added for transplant and
nontransplant patients.
• Two new regimens for patients with
previously treated disease were added:
- Daratumumab plus carfilzomib
and dexamethasone
- Ixazomib plus cyclophosphamide
and dexamethasone

LIANCE

We also significantly revised our guidance on radiation therapy and supportive
care and added a page on management of
renal disease in MM.

LOOKING AHEAD
Additional exciting opportunities await.
I’m eagerly following research seeking to
answer the question of whether incorporating more specific tracers or dyes into
our imaging practices can pave the way
for further advances in imaging among
these patients. I’m also watching for
further improvements in imaging technologies and tools.
It’s my sincere hope that broader application of more advanced technologies and
techniques will lead to more reliable imaging,
more accurate diagnoses, earlier treatments
where necessary, and longer remissions for
those living with myeloma. n
Dr Hillengass served as chair of the
IMWG Imaging Guidelines Panel and as a
member of the NCCN Guidelines Panel for
Multiple Myeloma.
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POLYCYTHEMIA VERA

Severity, impact, and implications
of symptom burden in PV
Patients with polycythemia vera (PV) experience a unique constellation of troublesome symptoms.1
These can vary in intensity and/or emerge throughout the course of PV, including in patients whose
disease is well controlled by other measures.1-4 However, consistently monitoring symptoms and
therapy may help patients with PV achieve their individual quality of life (QoL) goals.
PV is a myeloproliferative neoplasm (MPN) characterized by
abnormal proliferation of mature myeloid cells. Symptom
burden in PV and other MPNs may also be severe, similar to
that seen in acute myeloid leukemia, non-Hodgkin lymphoma,
or metastatic cancer.5,6 Patients with PV are also at risk
for thrombotic events (up to 40%), and transformation to postPV myelofibrosis (MF; ~10%) or acute myeloid leukemia
(AML; ~3%).7-9 Given the prevalence of symptoms and the
burden they may impose on patients, symptom alleviation is
a major objective in the evaluation of patients with PV.5,10

Given the prevalence of symptoms and
the burden they may impose on patients,
symptom alleviation is a major objective
in the evaluation of patients with PV.5,10
Although PV is chronic, symptoms can be dynamic, changing
throughout the course of the disease. Given their dynamic
nature and potential to reveal aspects of the underlying
biology, it is essential to monitor symptoms when PV is
diagnosed and regularly as the disease is being managed.
The occurrence of a new event such as thrombosis, diabetes
diagnosis, or change in medication may affect symptoms.
Symptom monitoring can help healthcare professionals (HCPs)
interpret how the variety of clinical changes have affected
the patient’s disease along with helping to recognize the
potentially subtle signs of disease progression.11

Tracking Symptoms in PV
Surrogates of disease burden such as risk scores and blood
cell counts often fail to correlate with symptomatic burden,
but validated patient reported outcome (PRO) tools may permit
objective and rapid assessment of the symptom burden in
MPN Connect is a trademark of Incyte.
All other trademarks are the property of their respective owners.
© 2018, Incyte Corporation. MAT-HEM-00196 11/18

patients with PV. 5 To assess the unique spectrum of
symptomatology seen in patients with MPNs, we developed
the Myeloproliferative Neoplasm Symptom Assessment Form
(MPN-SAF) and the more concise MPN-SAF Total Symptom
Score (MPN-SAF TSS), commonly known as the MPN-10.6,10,12
This tool includes the most representative and pertinent
MPN-related symptoms – fatigue, vascular symptoms,
constitutional symptoms, and spleen-related symptoms.10,12
The importance of recognizing symptoms in MPNs and the
value of surveys to quantify PROs was substantiated by the
NCCN Clinical Practice Guidelines in Oncology (NCCN
Guidelines ®) for Myeloproliferative Neoplasms, which
incorporated symptom burden assessment as part of routine
evaluation of patients with PV in 2017.13

The MPN-10 is designed to assess the
unique spectrum of symptomatology
seen in patients with MPNs.12
Visit mpnconnect.com/mpn-resources.aspx
for the MPN-10 form and additional resources
At our clinic, we provide the MPN-10 to patients during the
check-in process. This opens a discussion between patient
and HCP. I document the MPN-10 sum score into the patient’s
chart and refer to it at future visits. By providing an objective,
quantitative PRO, these surveys provide data that facilitate
management decisions.

Evaluating Symptom Burden to Assess
the Patient’s Condition
With these data, we then thoroughly examine the patients
for signs of disease such as splenomegaly and ask probing
questions to gain a deeper understanding of symptom burden.
Despite nearly 90% of patients reporting symptoms at
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diagnosis, physicians estimate that only 60% of patients
present with symptoms.14 This is likely because of the nature
of symptoms in PV that causes them to not be readily apparent
to physicians. At our clinic we have noted that serial
assessment of symptom burden using PRO tools allows for
direct assessment of the patient experience and has
demonstrated in clinical trial settings to be a sensitive clinical
indicator of disease progression.5,12
Some of the key symptoms I look for are fatigue, abdominal
discomfort, early satiety, headaches, bone pain, pruritus, and
depression. I also pay close attention to the overall QoL,
which can be affected by both the severity and the multitude
of symptoms in PV.15 Older individuals may not report their
symptoms, regarding them as a natural sign of aging, or
patients may have grown accustomed to the symptoms as
they gradually emerged during the long course of PV. The
erroneous acceptance of this new, symptomatic “normal”
can be corrected by educating patients about PV.

Incorporating Symptoms into the
Clinical Assessment Routine
Providing individualized care – which encompasses PV
disease-related factors, any comorbidities, and the patient’s
personal health and wellness goals – is the ultimate goal
when I treat patients with PV. Developing a routine to track
symptoms and other factors can facilitate this. As physicians,
even if we do a thorough job when asking patients with PV
about what symptoms they are experiencing, we may easily
miss the severity of the symptoms – especially in patients who
have a large number of different symptoms. The continuum
of disease and patient characteristics combined with the
chronic nature of PV emphasizes the need to routinely monitor
and track therapy, disease signs, and symptoms. Overall, this
can be thought of as reading the patient’s diary of disease to
get a complete picture of the impact of PV on both their
underlying biology and their lifestyle goals. Patients with PV
can live for many years with a severe symptom burden, and
trying to optimize QoL is paramount.

Robyn M. Scherber, MD, MPH
Assistant Professor of Medicine, Department of Hematology &
Oncology, Mays Cancer Center at UT Health San Antonio
This article, sponsored by Incyte Corporation, is based on a paid interview with
Robyn M. Scherber, MD, MPH, an Assistant Professor of Medicine, Department of
Hematology & Oncology at Mays Cancer Center, conducted on May 29, 2018.

Access the full article and view
video content from Dr Scherber at
ProgressiveSymptomsinPV.com
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Wearable Health Tech Faces Hurdles in Oncology

There’s a
lot of promise
with this
technology,
but we need
to study it and
better
understand
where it
would fit.”
—ANA MARÍA LÓPEZ,
MD, MPH, MACP
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ALTHOUGH USE OF wearable mobile health (mHealth)
monitors has soared in other fields of healthcare,
adoption of these electronic devices has lagged in
oncology, due mostly to the need to further define how
to implement these devices in this setting. Experts
say wearables have great potential in oncology, but
investigative studies and technological upgrades
may be needed.
“There’s a lot of
promise with this technology, but we need
to study it and better
understand where it
would fit,” said Ana
María López, MD,
MPH, MACP, vice chair
ANA MARÍA LÓPEZ,
MD, MPH, MACP
of medical oncology
at Sidney Kimmel Medical College in
Philadelphia, Pennsylvania.
mHealth’s practical value in other
branches of medicine is clearer than in
oncology. Wearable devices are attractive for their ability to monitor patient
health parameters such as activity,
blood pressure, sleep, heart rate, and
weight in real time, making remote
monitoring a possibility for physicians.1
This functionality could lead to fewer
in-person office visits, benefiting those
who do not live in proximity to their
care providers and who do not have their
own transportation or access to public
transportation. It might also improve
patient–physician engagement.
For the general consumer, mHealth
technology comes in the form of lightweight fitness trackers that record
metrics such as steps taken and stairs
climbed. The devices enable users to
precisely capture objective data about
their daily physical exertion. The Fitbit
and Apple Watch lines of wearables
are examples of commercially popular fitness monitors that unobtrusively
collect data on the wearer’s health. The
utility of these devices has been noted by consumers
and providers alike and wearable monitors are now a
large and growing segment of the healthcare industry.
Whether wearable mHealth devices can become a
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regular part of oncology practice hinges on their capacity to not only conveniently deliver functional and
reliable data for patients and physicians alike, but also
have a definitive, care-enhancing purpose. 2 López said
that to find a place for mHealth technology, oncologists
first need to clarify how wearable activity monitors add
value to this setting by asking, “What’s the problem
we’re trying to solve?”
“We need to keep the patient front and
center [so we don’t] just become enamored
with the technology,” Lopez said.
mHealth devices are seen as a potential solution to the shortcomings of existing
tests used to evaluate a patient’s level of
function and ability to tolerate systemic
treatment, or performance status (PS),
López and other experts said. Today, physicians rely on ECOG PS and Karnofsky PS
(KPS) scales to guide care decisions2; these
simple checklist measures can lead to subjective results because they are based on
human assessment. The electronic measurement inherent in wearable technology can
provide accurate data that, properly refined
and interpreted, could supplement results
of PS tests, although much investigation is
needed before integrating these devices into
modern oncology care, those interviewed for
this story said.
“Our current approaches to determining
PS are incredibly subjective. We ask patients
about what percent of the time they’re active
and what they do—that’s not very objective at
all,” said George Weiner, MD, CE Block Chair
of Cancer Research and director of the Holden
Comprehensive Care Center at the University
of Iowa in Iowa City. “Very often, they’re with
family members, and it’s not uncommon for
the patient to say one thing and for the family
member to clarify that [what the patient said]
isn’t fully accurate.”
ECOG PS and KPS scales are subjective
and physician reported.2 ECOG PS is a simple
6-level scale that evaluates a patient’s functionality using descriptions such as “fully
active” and “completely disabled.” The KPS index has a
similar, somewhat broader range of measurement intervals, but both scales have been shown to correlate with
each other. Neither one is highly rigorous.

© macrovector/Adobe Stock

by RACHEL NAROZNIAK, MA

MOBILE MEDICINE

FAST FACTS
Mobile health technology is prominent in other fields of healthcare but has yet to be fully integrated in oncology.
 The data captured by wearable devices might help supplement current measures of patient PS.
 Patient- and physician-completed PS reports are often skewed by bias. The real-time information that wearables collect may lead

to more objective patient PS.

Oncology centers that employ wearables will need ample data storage capacity.

Further study of the devices’ value in oncology is necessary to define how wearables might most effectively be used in this setting,

if at all.

PS indicates performance status.

“Observing the patient for 3
minutes as they’re moving around in
the examining room is highly inadequate,” Weiner said.
However, results from these tests
are important to therapy choice, and
inaccurate PS evaluations can lead
GEORGE
to serious error. Because poor PS is
WEINER, MD
indicative of increased risk of chemotherapy toxicity and inferior outcomes, an oncologist
would be less likely to recommend a regimen that
includes chemotherapy for a patient with a low PS.
Therefore, imprecise PS evaluations can result in the
selection of therapeutic approaches that do not best
suit the patient. Moreover, because PS informs clinical trial eligibility, inaccurate PS could cause a patient
to be excluded from a study that might be of benefit
or lead to use of a trial therapy that the patient ultimately cannot endure.
Just as physicians may over- or underestimate
patients’ physical activity levels and abilities, patients
also may misjudge these measures. PS reports are
frequently limited by bias, such as recall bias, which
refers to patients’ inability to completely and correctly
remember their symptoms and estimate their activity levels in the time that lapsed after their previous
doctor’s appointment.3
“Many studies have demonstrated that patients will
usually overestimate their physical activity,” Gillian
Gresham, PhD, a postdoctoral student at Cedars-Sinai
Medical Center (CSMC) in Los Angeles, California, said.
A 2018 study found substantial discord between the
physical activity levels electronically measured by
CamNtech Ltd’s ActiHeart device and those reported
by individuals through completion of the International
Physical Activity Questionnaire-Short Form (IPAQ-SF).
Investigators used ActiHeart, a heart rate monitor and
accelerometer, to chart the physical activity of 108
students in the Tlokwe local municipality of South
Africa for 7 consecutive days. Although the majority

of students (57%) responded that they were highly
active during IPAQ-SF review, electronically measured
physical activity indicated that 93% of the participants were inactive.4 This study involved a group of
15-year-old students rather than a cohort of patients
with cancer, but it nevertheless highlights the potentially misleading nature of subjective reports of daily
physical exertion.
The objective data that wearable activity monitors
amass about the duration, intensity, and frequency of
physical activity can supplement ECOG PS and KPS
assessments, offsetting subjectivity and bridging the
informational gaps caused when patients miss appointments. “When patients see their provider, it’s only for
a small amount of time; you’re only really getting an
hour, maybe even less, to try to make assessments of
their functionality and activity. You don’t really get the
full picture,” Gresham said. “If a patient misses a clinic
visit, then you don’t have anything.”

EARLY EXPLORATION
Gresham was the lead author of a CSMC study, with
results that demonstrated the feasibility of using wearable activity monitors to assess PS in patients with
cancer. The investigators used the Fitbit Charge HR to
measure the daily activity of 37 patients with stage IV
or unresectable advanced stage III cancer.3 The majority
of patients had received diagnoses of gastrointestinal cancer (n = 27) and had stage IV disease (n = 34).
Patients of varying ECOG PS and KPS ratings agreed
to wear the Fitbit for 3 consecutive clinic visits over
a 2-week period. Investigators assessed participants’
ECOG PS and KPS scores and determined associations
between metrics (steps, distance, and stair climbing) and PS, clinical outcomes (adverse events [AEs],
hospitalizations, and survival), and patient-reported
outcomes (PROs) during this time.
The highest correlations observed were between
average daily steps and PS scores. Each 1000-steps/
day increase was associated with reduced odds of

Our
current
approaches to
determining
[performance
status] are
incredibly
subjective.
We ask
patients
about what
percent of the
time they’re
active and
what they
do—that’s not
very objective
at all. Very
often, they’re
with family
members, and
it’s not
uncommon
for the patient
to say one
thing and for
the family
member to
[say that] isn’t
fully
accurate.”
—GEORGE WEINER, MD
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AEs (OR, 0.34; 95% CI, 0.13-0.94), hospitalizations (OR, 0.21; 95% CI, 0.56-0.79), and
hazard for death (HR, 0.48; 95% CI, 0.280.83). On average, patients walked 3700
steps, or 1.7 miles, a day; climbed 3 flights
of stairs daily; and slept 8 hours/night as
measured by their wearable device.
The study results showed that wearable
activity monitors can supplement clinical evaluation of performance status, the
authors wrote.3
Gresham and López agree that further
investigation is needed to identify the
groups of patients with cancer for whom
the technology would be most appropriate and effective and, similarly, under what
circumstances it would afford the greatest
value to patients and healthcare providers.
Making these determinations is another
challenge to implementation of mHealth
devices in oncology.
“Not a lot of studies have looked at how
these devices can be used as tools to obtain
objective information about patient functionality,” Gresham said.
López added that “monitoring patients
can seem like a good idea, but if we don’t
really know what to do with the data, initial
optimism can fall through.”

MANAGING DATA
Another source of complexity involves sorting and storing the vast volumes of data
gathered by mHealth devices. This information first must be transferred from an
individual’s wearable device to a secure
database before it can be accessed. In a
2018 study, investigators used an Apple
Watch to collect PROs from 296 adults
with lymphoma, myeloma, brain, pancreatic, breast, and ovarian cancer who had a
life expectancy of >6 months.5 Participants
wore the device an average of 9.8 hours/
day and took 4590 steps/day over 3 months.
The study generated 6 million kB of data,
an amount that might easily exceed the
capacity of a medical institution’s computer
systems, investigators said.1
Defining the type of patient information
to be aggregated, and how often, will be
crucial to developing a data-driven workflow for institutions that intend to use
mHealth technology in the future. “What
is the timing of the data? Are you getting
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TA B L E . AG E A N D E D U CAT I O N A R E
S I G N I F I CA N T D E T E R M I N A N T S O F M O B I L E
H E A LT H AC C E P TA N C E 7 a
Patient
Characteristic

Number of
Respondents

Odds
Ratio

P
Value

<50

24

Reference

51-60

43

.31

61-70

40

.24

.32

71-80

27

.05

.006

>80

17

.04

.008

High school or
higher

91

Reference

College or
higher

60

2.78

Age (years)
.09

Education

.01

Older patients are less likely to accept mobile health
technology; those with a higher education level are more likely.

a

data in every day? What’s the quantity? Is
it something that your team can manage?”
said Susan K. Peterson, PhD, MPH,
a professor in the Department of
Behavioral Science, Division of Cancer
Prevention and Population Sciences, at The
University of Texas MD Anderson Cancer
Center in Houston.6
Equally important is
establishing a process for
data cleanup, if required,
prior to interpretation.1 For
example, physical activity data may be duplicated
SUSAN K.
if the wearer uses other
PETERSON, PHD, MPH
fitness monitors. There
is also the chance that more data might be
collected than are needed or desired, based
on the health parameters that an institution
intends to track. Alternatively, patient data
could be saved in incompatible file formats.
Such cleanup, whether in the form of information filtering or conversion, would be
necessary in each instance.
To provide adequate storage space for
the information gathered, centers with
computer systems that cannot accommodate
large amounts of data might consider cloudbased alternatives.1

Gresham said larger, randomized studies that examine how wearable technology
can improve patient PS assessments will be
the next step in deducing whether data from
activity monitors can augment ECOG PS or
KPS evaluations or, potentially, replace these
standard tools.
“I suspect that, eventually, we’ll end up
doing some controlled studies comparing
reported PS to PS determined by wearables,
and we’ll find huge differences,” Weiner said.
In a recent study of mHealth technology
acceptance among different
socioeconomic strata, investigators in
Philadelphia interviewed 151 patients
with cancer. The survey specifically
assessed the patients’ current and desired
utilization of technology for healthcare
services. Responses suggested that age
and education levels are potential barriers to acceptance of wearable technology
by patients under treatment for cancer.
Patients >70 years were “significantly
less likely” to use mobile applications.
Conversely, those with a college-level
education or higher were much more likely
to utilize mHealth (TABLE).7 n
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GUIDELINE UPDATES

ASCO Guidelines on VTE
Add New Oral Agents
By TONY BERBERABE, MPH
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and pulmonary embolism (PE), were based
on the use of LMWH, a class of daily injectable agents. For select high-risk outpatients
with cancer, the updated guidelines recommend thromboprophylaxis with one of the new
oral agents, apixaban (Eliquis) or rivaroxaban
(Xarelto), or an LMWH. In addition, clinicians can consider rivaroxaban and edoxaban
(Savaysa) for VTE treatment. Also, patients
with brain metastases are now addressed in
the VTE treatment selection.1
The new guidelines address 6 clinical
questions that focus on hospitalized and ambulatory patients, thromboprophylaxis during
the administration of systemic chemotherapy,
the prevention of VTE recurrence, the use of anticoagulants when patients have no established
symptoms of VTE, and the risk prediction and
awareness of VTE among patients with cancer
(TABLE 1, page 87).1 The guidelines offer recommendations for perioperative VTE prophylaxis in
patients undergoing abdominal, pelvic, and other
major surgeries who are not at increased risk of
bleeding, said Lyman. Clinicians should continue
prophylactic treatment until patients are fully
ambulatory or longer if they are identified as high
risk based on their risk score.
According to the guidelines, the ideal
candidate for thromboprophylaxis is a patient
who is initiating chemotherapy and at high risk
based on a risk score that includes cancer type
and high body mass index, and whose baseline
blood work indicates elevated white blood cells,
elevated platelets, or decreased hemoglobin.1
Patients who are at low risk for VTE or patients
at any risk level with a significant chance of
major bleeding should not be routinely offered

prophylaxis. Further, clinicians need to educate
patients about the signs and symptoms of thrombosis, with an emphasis on reporting back any
new symptoms or evidence of bleeding.1
“It’s important to personalize or target any
of these anticoagulants to patients at greatest risk for VTE and [who are] at lowest risk for
bleeding,” said Lyman, also a professor of medicine at the University of Washington School of
Medicine in Seattle.

DEEP VEIN THROMBOSIS
Between 5% and 10% of patients without a
known VTE but who are considered high risk
based on their risk score are at risk for blood
clots at presentation, either DVT or PE, said
Lyman, based on findings from the CASSINI
trial, which evaluated rivaroxaban for thromboprophylaxis in high-risk patients.3 He noted
that patients who were found to have thrombosis
at baseline based on lower-extremity ultrasound were excluded from the CASSINI study.
“However, other studies, such as AVERT,4 did
not do baseline screening, and presumably some
patients who were entered on the trial already
had an undiscovered blood clot,” Lyman said.
It is common for unsuspected blood clots to be
detected at the time of routine baseline staging
imaging, such as during CT scans, said Lyman.
“Those patients should be treated for their
VTE with therapeutic doses of anticoagulation.
Whether all patients without symptoms should
be screened with baseline ultrasounds remains
controversial and variable in practice. It would
seem reasonable to offer baseline screening
ultrasounds to high-risk patients based on their
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UPDATED VENOUS THROMBOEMBOLISM (VTE)
guidelines issued by the American Society
of Clinical Oncology (ASCO) now include the
use of direct oral anticoagulants (DOACs) for
patients with cancer as a preventive measure
against VTE recurrence.
To develop the new guidelines, an Expert Panel
reviewed 35 publications
from 2014 through 2018
focusing on VTE prophylaxis and treatment with
26 categorized as metaanalyses and 9 as randomGARY H.
LYMAN, MD, MPH ized controlled trials. The
panel reviewed 18 publications that presented
VTE risk assessment models.1 “The current
update was comprehensive, given the abundance
of new evidence basedon recently completed
randomized controlled trials of the DOACs
for either treatment or prophylaxis,” Gary H.
Lyman, MD, MPH, senior lead of health care
quality and policy at the Hutchinson Institute
for Cancer Outcomes Research in Seattle,
Washington, told OncologyLive® in an email.
Included in the review were results of clinical trials that “demonstrate that the new oral
agents are at least as active as LMWH [low-molecular-weight heparin] in treating VTE, but some
patients are at increased risk for major bleeding,” said Lyman who initiated the creation of
the ASCO VTE guidelines in 20072 and served
as chair of the Expert Panel committee for over a
decade. ASCO issued updates to the guidelines in
VTE 2013 and 2015.
Previously, prevention strategies for VTE,
which includes deep vein thrombosis (DVT)

NEW INDICATION
Now approved for the treatment of
patients with metastatic castrationsensitive prostate cancer (mCSPC).

Start early with ERLEADA®
For your patients with metastatic prostate cancer who
will be starting ADT or have recently initiated ADT*

In the TITAN study†:

ERLEADA® + ADT reduced
the risk of death
by ��% vs placebo + ADT1
(Median overall survival was not
estimable in either arm; HR=0.67;
95% CI: 0.51, 0.89; P=0.0053)

IMPORTANT SAFETY INFORMATION
WARNINGS AND PRECAUTIONS
Ischemic Cardiovascular Events—In a randomized
study (SPARTAN) of patients with nmCRPC, ischemic
cardiovascular events occurred in 4% of patients treated
with ERLEADA® and 3% of patients treated with placebo. In a
randomized study (TITAN) in patients with mCSPC, ischemic
cardiovascular events occurred in 4% of patients treated with
ERLEADA® and 2% of patients treated with placebo. Across
the SPARTAN and TITAN studies, 6 patients (0.5%) treated
with ERLEADA® and 2 patients (0.2%) treated with placebo
died from an ischemic cardiovascular event. Patients with
current evidence of unstable angina, myocardial infarction,
or congestive heart failure within 6 months of randomization
were excluded from the SPARTAN and TITAN studies.
Ischemic cardiovascular events, including events leading
to death, occurred in patients receiving ERLEADA®.
Monitor for signs and symptoms of ischemic heart disease.
Optimize management of cardiovascular risk factors, such
as hypertension, diabetes, or dyslipidemia. Consider
discontinuation of ERLEADA® for Grade 3 and 4 events.
Fractures—In a randomized study (SPARTAN) of patients
with nmCRPC, fractures occurred in 12% of patients treated
with ERLEADA® and in 7% of patients treated with placebo. In
a randomized study (TITAN) of patients with mCSPC, fractures
occurred in 9% of patients treated with ERLEADA® and in
6% of patients treated with placebo. Evaluate patients for
fracture risk. Monitor and manage patients at risk for fractures
according to established treatment guidelines and consider use
of bone-targeted agents.
Falls—In a randomized study (SPARTAN), falls occurred in
16% of patients treated with ERLEADA® compared with 9% of
patients treated with placebo. Falls were not associated with
loss of consciousness or seizure. Falls occurred in patients
receiving ERLEADA® with increased frequency in the elderly.
Evaluate patients for fall risk.
Seizure—In 2 randomized studies (SPARTAN and TITAN), 5
patients (0.4%) treated with ERLEADA® and 1 patient treated
with placebo (0.1%) experienced a seizure. Permanently
discontinue ERLEADA® in patients who develop a seizure
References: 1. ERLEADA® [Prescribing Information]. Horsham, PA:
Janssen Biotech, Inc. 2. Chi KN, Agarwal N, Bjartell A, et al; on behalf
of TITAN investigators. Apalutamide for metastatic castration-sensitive
prostate cancer. N Engl J Med. In press.
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during treatment. It is unknown whether anti-epileptic
medications will prevent seizures with ERLEADA®. Advise
patients of the risk of developing a seizure while receiving
ERLEADA® and of engaging in any activity where sudden loss
of consciousness could cause harm to themselves or others.
Embryo-Fetal Toxicity—The safety and eﬃcacy of
ERLEADA® have not been established in females. Based on
its mechanism of action, ERLEADA® can cause fetal harm and
loss of pregnancy when administered to a pregnant female.
Advise males with female partners of reproductive potential
to use eﬀective contraception during treatment and for 3
months after the last dose of ERLEADA®[see Use in Speciﬁc
Populations (8.1, 8.3)].
ADVERSE REACTIONS
Adverse Reactions—The most common adverse reactions
(≥10%) that occurred more frequently in the ERLEADA®-treated
patients (≥2% over placebo) from the randomized placebocontrolled clinical trials (TITAN and SPARTAN) were fatigue,
arthralgia, rash, decreased appetite, fall, weight decreased,
hypertension, hot ﬂush, diarrhea, and fracture.
Laboratory Abnormalities—All Grades (Grade 3-4)
• Hematology—In the TITAN study: white blood cell
decreased ERLEADA® 27% (0.4%), placebo 19% (0.6%). In
the SPARTAN study: anemia ERLEADA® 70% (0.4%), placebo
64% (0.5%); leukopenia ERLEADA® 47% (0.3%), placebo 29%
(0%); lymphopenia ERLEADA® 41% (2%), placebo 21% (2%)
• Chemistry—In the TITAN study: hypertriglyceridemia
ERLEADA® 17% (3%), placebo 12% (2%). In the SPARTAN study:
hypercholesterolemia ERLEADA® 76% (0.1%), placebo 46%
(0%); hyperglycemia ERLEADA® 70% (2%), placebo 59% (1%);
hypertriglyceridemia ERLEADA® 67% (2%), placebo 49% (0.8%);
hyperkalemia ERLEADA® 32% (2%), placebo 22% (0.5%)
Rash—In 2 randomized studies, rash was most commonly
described as macular or maculopapular. Adverse reactions of
rash were 26% with ERLEADA® vs 8% with placebo. Grade 3
rashes (deﬁned as covering >30% body surface area [BSA]) were
reported with ERLEADA® treatment (6%) vs placebo (0.5%).
The onset of rash occurred at a median of 83 days. Rash
resolved in 78% of patients within a median of 78 days
from onset of rash. Rash was commonly managed with oral
antihistamines, topical corticosteroids, and 19% of patients
received systemic corticosteroids. Dose reduction or dose
interruption occurred in 14% and 28% of patients, respectively.
Of the patients who had dose interruption, 59% experienced
recurrence of rash upon reintroduction of ERLEADA®.
ADT = androgen deprivation therapy; CI = conﬁdence interval;
HR = hazard ratio; TITAN = Targeted Investigational Treatment Analysis
of Novel Antiandrogen.

Hypothyroidism—In 2 randomized studies, hypothyroidism
was reported for 8% of patients treated with ERLEADA® and

2% of patients treated with placebo based on assessments of
thyroid-stimulating hormone (TSH) every 4 months. Elevated
TSH occurred in 25% of patients treated with ERLEADA® and 7%
of patients treated with placebo. The median onset was at the
ﬁrst scheduled assessment. There were no Grade 3 or 4 adverse
reactions. Thyroid replacement therapy, when clinically indicated,
should be initiated or dose-adjusted.
DRUG INTERACTIONS
Eﬀect of Other Drugs on ERLEADA®—Co-administration
of a strong CYP2C8 or CYP3A4 inhibitor is predicted to increase
the steady-state exposure of the active moieties. No initial dose
adjustment is necessary; however, reduce the ERLEADA® dose
based on tolerability [see Dosage and Administration (2.2)].
Eﬀect of ERLEADA® on Other Drugs—ERLEADA® is a
strong inducer of CYP3A4 and CYP2C19, and a weak inducer
of CYP2C9 in humans. Concomitant use of ERLEADA® with
medications that are primarily metabolized by CYP3A4, CYP2C19,
or CYP2C9 can result in lower exposure to these medications.
Substitution for these medications is recommended when
possible or evaluate for loss of activity if medication is continued.
Concomitant administration of ERLEADA® with medications that
are substrates of UDP-glucuronosyl transferase (UGT) can result
in decreased exposure. Use caution if substrates of UGT must be
co-administered with ERLEADA® and evaluate for loss of activity.
P-gp, BCRP, or OATP1B1 Substrates—Apalutamide is a
weak inducer of P-glycoprotein (P-gp), breast cancer resistance
protein (BCRP), and organic anion transporting polypeptide
1B1 (OATP1B1) clinically. Concomitant use of ERLEADA® with
medications that are substrates of P-gp, BCRP, or OATP1B1
can result in lower exposure of these medications. Use
caution if substrates of P-gp, BCRP, or OATP1B1 must be coadministered with ERLEADA® and evaluate for loss of activity if
medication is continued.
Please see Brief Summary of full Prescribing
Information for ERLEADA® on subsequent pages.

cp-50507v2

INDICATION
ERLEADA® (apalutamide) is an androgen receptor inhibitor
indicated for the treatment of patients with:
• Metastatic castration-sensitive prostate cancer (mCSPC)
• Non-metastatic castration-resistant prostate cancer (nmCRPC)

*All patients who enrolled in the TITAN study started ADT for mCSPC
≤6 months prior to randomization.
†
Study Design: TITAN was a phase 3, multicenter, randomized,
double-blind, placebo-controlled trial of patients with mCSPC (N=1052).
Patients had de novo mCSPC or relapsed metastatic disease after initial
diagnosis of localized disease. All patients in the TITAN trial received a
concomitant GnRH analog or had a bilateral orchiectomy. Patients with
visceral (ie, liver or lung) metastases as the only sites of metastases
were excluded. Patients were randomized 1:1 to receive ERLEADA®
240 mg orally once daily + ADT or placebo orally once daily + ADT.
The dual primary endpoints were overall survival and radiographic
progression-free survival.1,2
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Brief Summary of Prescribing Information for ERLEADA® (apalutamide)
ERLEADA® (apalutamide) tablets, for oral use
See package insert for Full Prescribing Information
INDICATIONS AND USAGE
ERLEADA is indicated for the treatment of patients with
• Metastatic castration-sensitive prostate cancer (mCSPC)
• Non-metastatic castration-resistant prostate cancer (nmCRPC)
CONTRAINDICATIONS
None.
WARNINGS AND PRECAUTIONS
Ischemic Cardiovascular Events
Ischemic cardiovascular events, including events leading to death, occurred
in patients receiving ERLEADA. Monitor for signs and symptoms of ischemic
heart disease. Optimize management of cardiovascular risk factors, such
as hypertension, diabetes, or dyslipidemia. Consider discontinuation of
ERLEADA for Grade 3 and 4 events.
In a randomized study (SPARTAN) of patients with nmCRPC, ischemic
cardiovascular events occurred in 4% of patients treated with ERLEADA and
3% of patients treated with placebo. In a randomized study (TITAN) in patients
with mCSPC, ischemic cardiovascular events occurred in 4% of patients
treated with ERLEADA and 2% of patients treated with placebo. Across the
SPARTAN and TITAN studies, 6 patients (0.5%) treated with ERLEADA and
2 patients (0.2%) treated with placebo died from an ischemic cardiovascular
event. Patients with current evidence of unstable angina, myocardial
infarction, or congestive heart failure within six months of randomization
were excluded from the SPARTAN and TITAN studies.
Fractures
Fractures occurred in patients receiving ERLEADA. Evaluate patients for
fracture risk. Monitor and manage patients at risk for fractures according
to established treatment guidelines and consider use of bone-targeted
agents.
In a randomized study (SPARTAN) of patients with non-metastatic
castration-resistant prostate cancer, fractures occurred in 12% of patients
treated with ERLEADA and in 7% of patients treated with placebo. Grade
3-4 fractures occurred in 3% of patients treated with ERLEADA and in 1%
of patients treated with placebo. The median time to onset of fracture was
314 days (range: 20 to 953 days) for patients treated with ERLEADA. Routine
bone density assessment and treatment of osteoporosis with bonetargeted agents were not performed in the SPARTAN study.
In a randomized study (TITAN) of patients with metastatic castrationsensitive prostate cancer, fractures occurred in 9% of patients treated with
ERLEADA and in 6% of patients treated with placebo. Grade 3-4 fractures
were similar in both arms at 2%. The median time to onset of fracture was
56 days (range: 2 to 111 days) for patients treated with ERLEADA. Routine
bone density assessment and treatment of osteoporosis with bonetargeted agents were not performed in the TITAN study.
Falls
Falls occurred in patients receiving ERLEADA with increased frequency in
the elderly [See Use in Specific Populations]. Evaluate patients for fall risk.
In a randomized study (SPARTAN), falls occurred in 16% of patients treated
with ERLEADA compared to 9% of patients treated with placebo. Falls were
not associated with loss of consciousness or seizure.
Seizure
Seizure occurred in patients receiving ERLEADA. Permanently discontinue
ERLEADA in patients who develop a seizure during treatment. It is unknown
whether anti-epileptic medications will prevent seizures with ERLEADA.
Advise patients of the risk of developing a seizure while receiving ERLEADA
and of engaging in any activity where sudden loss of consciousness could
cause harm to themselves or others.
In two randomized studies (SPARTAN and TITAN), five patients (0.4%) treated
with ERLEADA and one patient treated with placebo (0.1%) experienced a
seizure. Seizure occurred from 159 to 650 days after initiation of ERLEADA.
Patients with a history of seizure, predisposing factors for seizure, or
receiving drugs known to decrease the seizure threshold or to induce seizure
were excluded. There is no clinical experience in re-administering ERLEADA
to patients who experienced a seizure.
Embryo-Fetal Toxicity
The safety and efficacy of ERLEADA have not been established in females.
Based on its mechanism of action, ERLEADA can cause fetal harm and
loss of pregnancy when administered to a pregnant female [see Clinical
Pharmacology (12.1) in full Prescribing Information]. Advise males with
female partners of reproductive potential to use effective contraception
during treatment and for 3 months after the last dose of ERLEADA [see Use
in Specific Populations].

ERLEADA® (apalutamide) tablets
ADVERSE REACTIONS
The following are discussed in more detail in other sections of the labeling:
• Ischemic Cardiovascular Events [see Warnings and Precautions].
• Fractures [see Warnings and Precautions].
• Falls [see Warnings and Precautions].
• Seizure [see Warnings and Precautions].
Clinical Trial Experience
Because clinical trials are conducted under widely varying conditions,
adverse reaction rates observed in the clinical trials of a drug cannot be
directly compared to rates in the clinical trials of another drug and may not
reflect the rates observed in practice.
The most common adverse reactions (≥ 10%) that occurred more frequently
in the ERLEADA-treated patients (≥ 2% over placebo) from the randomized
placebo-controlled clinical trials (TITAN and SPARTAN) were fatigue,
arthralgia, rash, decreased appetite, fall, weight decreased, hypertension,
hot flush, diarrhea, and fracture.
Metastatic Castration-sensitive Prostate Cancer (mCSPC)
TITAN, a randomized (1:1), double-blind, placebo-controlled, multi-center
clinical study, enrolled patients who had mCSPC. In this study, patients
received either ERLEADA at a dose of 240 mg daily or placebo. All patients
in the TITAN study received a concomitant gonadotropin-releasing hormone
(GnRH) analog or had prior bilateral orchiectomy. The median duration of
exposure was 20 months (range: 0 to 34 months) in patients who received
ERLEADA and 18 months (range: 0.1 to 34 months) in patients who
received placebo.
Ten patients (2%) who were treated with ERLEADA died from adverse
reactions. The reasons for death were ischemic cardiovascular events
(n=3), acute kidney injury (n=2), cardio-respiratory arrest (n=1), sudden
cardiac death (n=1), respiratory failure (n=1), cerebrovascular accident
(n=1), and large intestinal ulcer perforation (n=1). ERLEADA was
discontinued due to adverse reactions in 8% of patients, most commonly
from rash (2%). Adverse reactions leading to dose interruption or reduction
of ERLEADA occurred in 23% of patients; the most frequent (>1%) were
rash, fatigue, and hypertension. Serious adverse reactions occurred in
20% of ERLEADA-treated patients and 20% in patients receiving placebo.
Table 1 shows adverse reactions occurring in ≥10% on the ERLEADA arm in
TITAN that occurred with a ≥2% absolute increase in frequency compared
to placebo. Table 2 shows laboratory abnormalities that occurred in
≥15% of patients, and more frequently (>5%) in the ERLEADA arm compared
to placebo.
Table 1: Adverse Reactions in TITAN (mCSPC)
System/Organ Class
Adverse reaction
General disorders and
administration site conditions
Fatigue1,3
Musculoskeletal and connective
tissue disorders
Arthralgia3
Skin and subcutaneous
tissue disorders
Rash2
Pruritus
Vascular disorders
Hot flush
Hypertension
1
2

3

ERLEADA
Placebo
N=524
N=527
All Grades Grade 3-4 All Grades Grade 3-4
%
%
%
%
26

3

25

2

17

0.4

15

0.9

28
11

6
<1

9
5

0.6
<1

23
18

0
8

16
16

0
9

Includes fatigue and asthenia
Includes rash, rash maculo-papular, rash generalized, urticaria, rash
pruritic, rash macular, conjunctivitis, erythema multiforme, rash papular,
skin exfoliation, genital rash, rash erythematous, stomatitis, drug eruption,
mouth ulceration, rash pustular, blister, papule, pemphigoid, skin erosion,
dermatitis, and rash vesicular
Per the Common Terminology Criteria for Adverse Reactions (CTCAE), the
highest severity for these events is Grade 3

Additional adverse reactions of interest occurring in 2%, but less than 10%
of patients treated with ERLEADA included diarrhea (9% versus 6% on
placebo), muscle spasm (3% versus 2% on placebo), dysgeusia (3% versus
1% on placebo), and hypothyroidism (4% versus 1% on placebo).
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Table 2: Laboratory Abnormalities Occurring in ≥ 15% of ERLEADA-Treated
Patients and at a Higher Incidence than Placebo (Between Arm
Difference > 5% All Grades) in TITAN (mCSPC)

3

ERLEADA
N=524
Laboratory Abnormality

All Grades Grade 3-4 All Grades
%
%
%

Hematology
White blood cell decreased
Chemistry
Hypertriglyceridemia1
1

Placebo
N=527
Grade 3-4
%

27

0.4

19

0.6

4

17

3

12

2

5

Does not reflect fasting values

Non-metastatic Castration-resistant Prostate Cancer (nmCRPC)
SPARTAN, a randomized (2:1), double-blind, placebo-controlled, multi-center
clinical study, enrolled patients who had nmCRPC. In this study, patients
received either ERLEADA at a dose of 240 mg daily or a placebo. All patients
in the SPARTAN study received a concomitant gonadotropin-releasing
hormone (GnRH) analog or had a bilateral orchiectomy. The median duration
of exposure was 16.9 months (range: 0.1 to 42 months) in patients who
received ERLEADA and 11.2 months (range: 0.1 to 37 months) in patients who
received placebo.
Eight patients (1%) who were treated with ERLEADA died from adverse
reactions. The reasons for death were infection (n=4), myocardial infarction
(n=3), and cerebral hemorrhage (n=1). One patient (0.3%) treated with placebo
died from an adverse reaction of cardiopulmonary arrest (n=1). ERLEADA was
discontinued due to adverse reactions in 11% of patients, most commonly
from rash (3%). Adverse reactions leading to dose interruption or reduction
of ERLEADA occurred in 33% of patients; the most common (>1%) were rash,
diarrhea, fatigue, nausea, vomiting, hypertension, and hematuria. Serious
adverse reactions occurred in 25% of ERLEADA-treated patients and 23%
in patients receiving placebo. The most frequent serious adverse reactions
(>2%) were fracture (3%) in the ERLEADA arm and urinary retention (4%) in
the placebo arm.
Table 3 shows adverse reactions occurring in ≥10% on the ERLEADA arm
in SPARTAN that occurred with a ≥2% absolute increase in frequency
compared to placebo. Table 4 shows laboratory abnormalities that occurred
in ≥15% of patients, and more frequently (>5%) in the ERLEADA arm compared
to placebo.
Table 3: Adverse Reactions in SPARTAN (nmCRPC)
ERLEADA
Placebo
N=803
N=398
All Grades Grade 3-4 All Grades Grade 3-4
%
%
%
%

System/Organ Class
Adverse reaction
General disorders and
administration site conditions
Fatigue1,4
Musculoskeletal and connective
tissue disorders
Arthralgia4
Skin and subcutaneous
tissue disorders
Rash2
Metabolism and nutrition disorders
Decreased appetite5
Peripheral edema6
Injury, poisoning and procedural
complications
Fall4
Fracture3
Investigations
Weight decreased4
Vascular disorders
Hypertension
Hot flush
Gastrointestinal disorders
Diarrhea
Nausea
1
2

39

1

28

0.3

16

0

8

0

25

5

6

0.3

12
11

0.1
0

9
9

0
0

16
12

2
3

9
7

0.8
0.8

16

1

6

0.3

25
14

14
0

20
9

12
0

20
18

1
0

15
16

0.5
0

Includes fatigue and asthenia
Includes rash, rash maculo-papular, rash generalized, urticaria, rash
pruritic, rash macular, conjunctivitis, erythema multiforme, rash papular,
skin exfoliation, genital rash, rash erythematous, stomatitis, drug eruption,
mouth ulceration, rash pustular, blister, papule, pemphigoid, skin erosion,
dermatitis, and rash vesicular

6

Includes rib fracture, lumbar vertebral fracture, spinal compression
fracture, spinal fracture, foot fracture, hip fracture, humerus fracture,
thoracic vertebral fracture, upper limb fracture, fractured sacrum,
hand fracture, pubis fracture, acetabulum fracture, ankle fracture,
compression fracture, costal cartilage fracture, facial bones fracture,
lower limb fracture, osteoporotic fracture, wrist fracture, avulsion
fracture, fibula fracture, fractured coccyx, pelvic fracture, radius
fracture, sternal fracture, stress fracture, traumatic fracture, cervical
vertebral fracture, femoral neck fracture, and tibia fracture
Per the Common Terminology Criteria for Adverse Reactions (CTCAE), the
highest severity for these events is Grade 3
Includes appetite disorder, decreased appetite, early satiety, and
hypophagia
Includes peripheral edema, generalized edema, edema, edema genital,
penile edema, peripheral swelling, scrotal edema, lymphedema, swelling,
and localized edema

Additional clinically significant adverse reactions occurring in 2% or more
of patients treated with ERLEADA included hypothyroidism (8.1% versus
2% on placebo), pruritus (6.2% versus 2% on placebo), and heart failure
(2.2% versus 1% on placebo).
Table 4: Laboratory Abnormalities Occurring in ≥ 15% of ERLEADA-Treated
Patients and at a Higher Incidence than Placebo (Between Arm
Difference > 5% All Grades) in SPARTAN (nmCRPC)

Laboratory Abnormality
Hematology
Anemia
Leukopenia
Lymphopenia
Chemistry
Hypercholesterolemia1
Hyperglycemia1
Hypertriglyceridemia1
Hyperkalemia
1

ERLEADA
N=803
All Grades
Grade 3-4
%
%

Placebo
N=398
All Grades
Grade 3-4
%
%

70
47
41

0.4
0.3
2

64
29
21

0.5
0
2

76
70
67
32

0.1
2
2
2

46
59
49
22

0
1
0.8
0.5

Does not reflect fasting values

Rash
In the combined data of two randomized, placebo-controlled clinical
studies, rash associated with ERLEADA was most commonly described as
macular or maculo-papular. Adverse reactions of rash were reported for
26% of patients treated with ERLEADA versus 8% of patients treated with
placebo. Grade 3 rashes (defined as covering > 30% body surface area
[BSA]) were reported with ERLEADA treatment (6%) versus placebo (0.5%).
The onset of rash occurred at a median of 83 days of ERLEADA treatment.
Rash resolved in 78% of patients within a median of 78 days from onset
of rash. Rash was commonly managed with oral antihistamines, topical
corticosteroids, and 19% of patients received systemic corticosteroids.
Dose reduction or dose interruption occurred in 14% and 28% of patients,
respectively. Of the patients who had dose interruption, 59% experienced
recurrence of rash upon reintroduction of ERLEADA.
Hypothyroidism
In the combined data of two randomized, placebo-controlled clinical
studies, hypothyroidism was reported for 8% of patients treated with
ERLEADA and 2% of patients treated with placebo based on assessments of
thyroid-stimulating hormone (TSH) every 4 months. Elevated TSH occurred
in 25% of patients treated with ERLEADA and 7% of patients treated with
placebo. The median onset was at the first scheduled assessment. There
were no Grade 3 or 4 adverse reactions. Thyroid replacement therapy was
initiated in 5% of patients treated with ERLEADA. Thyroid replacement
therapy, when clinically indicated, should be initiated or dose-adjusted
[see Drug Interactions].
DRUG INTERACTIONS
Effect of Other Drugs on ERLEADA
Strong CYP2C8 or CYP3A4 Inhibitors
Co-administration of a strong CYP2C8 or CYP3A4 inhibitor is predicted
to increase the steady-state exposure of the active moieties (sum of
unbound apalutamide plus the potency-adjusted unbound N-desmethylapalutamide). No initial dose adjustment is necessary however, reduce the
ERLEADA dose based on tolerability [see Dosage and Administration (2.2)
in full Prescribing Information]. Mild or moderate inhibitors of CYP2C8 or
CYP3A4 are not expected to affect the exposure of apalutamide.
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Effect of ERLEADA on Other Drugs
CYP3A4, CYP2C9, CYP2C19 and UGT Substrates
ERLEADA is a strong inducer of CYP3A4 and CYP2C19, and a weak inducer
of CYP2C9 in humans. Concomitant use of ERLEADA with medications
that are primarily metabolized by CYP3A4, CYP2C19, or CYP2C9 can
result in lower exposure to these medications. Substitution for these
medications is recommended when possible or evaluate for loss of activity
if medication is continued. Concomitant administration of ERLEADA with
medications that are substrates of UDP-glucuronosyl transferase (UGT)
can result in decreased exposure. Use caution if substrates of UGT must be
co-administered with ERLEADA and evaluate for loss of activity [see
Clinical Pharmacology (12.3) in full Prescribing Information].
P-gp, BCRP or OATP1B1 Substrates
Apalutamide was shown to be a weak inducer of P-glycoprotein (P-gp),
breast cancer resistance protein (BCRP), and organic anion transporting
polypeptide 1B1 (OATP1B1) clinically. At steady-state, apalutamide reduced
the plasma exposure to fexofenadine (a P-gp substrate) and rosuvastatin
(a BCRP/OATP1B1 substrate). Concomitant use of ERLEADA with medications
that are substrates of P-gp, BCRP, or OATP1B1 can result in lower exposure
of these medications. Use caution if substrates of P-gp, BCRP or OATP1B1
must be co-administered with ERLEADA and evaluate for loss of activity if
medication is continued [see Clinical Pharmacology (12.3) in full Prescribing
Information].
USE IN SPECIFIC POPULATIONS
Pregnancy
Risk Summary
The safety and efficacy of ERLEADA have not been established in females.
Based on its mechanism of action, ERLEADA can cause fetal harm and
loss of pregnancy [see Clinical Pharmacology (12.1) in full Prescribing
Information]. There are no human data on the use of ERLEADA in pregnant
women. ERLEADA is not indicated for use in females, so animal embryo-fetal
developmental toxicology studies were not conducted with apalutamide.
Lactation
Risk Summary
The safety and efficacy of ERLEADA have not been established in females.
There are no data on the presence of apalutamide or its metabolites
in human milk, the effect on the breastfed child, or the effect on milk
production.
Females and Males of Reproductive Potential
Contraception
Males
Based on the mechanism of action and findings in an animal reproduction
study, advise male patients with female partners of reproductive potential
to use effective contraception during treatment and for 3 months after the
last dose of ERLEADA. [see Use in Specific Populations].
Infertility
Males
Based on animal studies, ERLEADA may impair fertility in males of
reproductive potential [see Nonclinical Toxicology (13.1) in full Prescribing
Information].
Pediatric Use
Safety and effectiveness of ERLEADA in pediatric patients have not been
established.
Geriatric Use
Of the 1327 patients who received ERLEADA in clinical studies, 19% of
patients were less than 65 years, 41% of patients were 65 years to 74 years,
and 40% were 75 years and over.
No overall differences in effectiveness were observed between older and
younger patients.
Of patients treated with ERLEADA (n=1073), Grade 3-4 adverse reactions
occurred in 39% of patients younger than 65 years, 41% of patients 65-74
years, and 49% of patients 75 years or older. Falls in patients receiving
ERLEADA with androgen deprivation therapy was elevated in the elderly,
occurring in 8% of patients younger than 65 years, 10% of patients
65-74 years, and 19% of patients 75 years or older.
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TA B L E 1 . S I X Q U E S T I O N S A N D R E C O M M E N D AT I O N S
A B O U T V T E P R E V E N T I O N A N D T R E AT M E N T 1

1.

Should hospitalized patients with cancer receive
anticoagulation for VTE prophylaxis?
• Hospitalized patients with active malignancy and acute medical illness or
reduced mobility should be offered thromboprophylaxis.
• Hospitalized patients with active malignancy without additional risk
factors in the absence of bleeding should be offered thromboprophylaxis.
• Patients who are admitted for minor procedures, chemotherapy infusion, or stem
cell/bone marrow transplant are not candidates for routine thromboprophylaxis.

2.

Should ambulatory patients with cancer receive anticoagulation for VTE prophylaxis during systemic chemotherapy?
• Routine thromboprophylaxis should not be offered to all outpatients with cancer.
• High-risk outpatients may be offered thromboprophylaxis with apixaban,
rivaroxaban, or LMWH.
• Patients with multiple myeloma who are being treated with lenalidomide
(Revlimid) should be offered thromboprophylaxis with aspirin or LMWH.

3.

Should patients with cancer undergoing surgery receive
perioperative VTE prophylaxis?

• Patients with malignant disease who will undergo major surgical
intervention are candidates for thromboprophylaxis with UFH or LMWH.
• Thromboprophylaxis should begin preoperatively.
• Mechanical thromboprophylaxis may be added to pharmacologic
thromboprophylaxis but should not be used as monotherapy.
• In high-risk patients, combining pharmacologic and mechanical
prophylaxis may improve efficacy.
• In patients undergoing major surgery, pharmacologic thromboprophylaxis
should continue for 7-10 days.

4.

What is the best method for treatment of patients
with cancer with established VTE to prevent recurrence?

• Consider LMWH, UFH, fondaparinux (Arixtra), or rivaroxaban initially. In
patients with parenteral anticoagulation, LMWH is preferred over UFH.
• For long-term anticoagulation (at least 6 months), LMWH, edoxaban, or
rivaroxaban is preferred over VKAs.
• Beyond 6 months, consider LMWH, DOACs, or VKAs in select patients
with metastatic disease or those receiving chemotherapy.
• Insertion of a vena cava filter should not be offered to patients with
established or chronic thrombosis.
• In patients with progression of thrombosis, the insertion of a vena cava
filter may be offered as an adjunct to anticoagulation therapy.
• In patients with primary or metastatic CNS malignancies, anticoagulation
can be offered.
• Incidental PE and DVT should be treated similarly to VTE.
• Patients with isolated PE or splanchnic or visceral vein thrombi diagnosed
incidentally should be offered treatment on a case-by-case basis.

5.

Should patients with cancer receive anticoagulants
in the absence of established VTE to improve survival?

•A
 nticoagulant use is not recommended to improve survival in patients
with cancer without VTE.

6.

What is known about risk prediction and awareness
of VTE among patients with cancer?
• Because of variation in VTE risk, patients with cancer should be assessed
for VTE risk initially and periodically thereafter, particularly when starting
systemic antineoplastic therapy or at the time of hospitalization.
• Patients should be educated regarding VTE, particularly in at-risk
settings including major surgery, hospitalization, and receipt of systemic
antineoplastic therapy.
CNS indicates central nervous system; DOAC, direct oral anticoagulant; DVT, deep
vein thrombosis; LMWH, low-molecular-weight heparin; PE, pulmonary embolism; UFH,
unfractionated heparin; VKA, vitamin K antagonist; VTE, venous thromboembolism.

TABLE 2. PREDICTIVE MODEL FOR CHEMOTHERAPY- ASSOCIATED V TE 5

Patient Characteristic

Risk Points

Site of cancer
Very high risk (stomach, pancreas)

2

High risk (lung, lymphoma, gynecologic, bladder, testicular)

1

Prechemotherapy platelet count ≥350 × 10 /L

1

Hemoglobin level <100 g/L or use of red cell growth factors

1

Prechemotherapy leukocyte count >11 × 10 /L

1

BMI ≥35 kg/m

1

9

9

2

BMI indicates body mass index; VTE, venous thromboembolism.
The population was divided into 3 risk categories for VTE based on the score from the risk model: low (score 0), intermediate
(score 1-2), and high (score ≥ 3).

risk score. However, the limited benefit and increased cost probably do not
justify routine screening to non–high–
risk patients.”

RISK MODEL
Clinicians can consider primary
prophylaxis in patients with cancer who
are initiating chemotherapy and considered high risk based on a validated risk
model in the absence of increased risk of
major bleeding. The most commonly used
risk model was developed by Khorana
et al.5 Investigators identified 5 clinical and laboratory parameters that were
combined into a simple risk assessment
model that allowed providers to classify
patients into discrete categories—low,
intermediate, and high risk—corresponding to the odds of developing
chemotherapy-associated VTE (TABLE 2).5
The model was tested in a cohort of
1365 patients, 28 of whom developed
VTE. At the cutoff for high risk (score
≥3), the model had a negative predictive value (probabability of of no VTE
in those designated low risk) of 98.5%,
a positive predictive value (probability of VTE in those designated high
risk) of 6.7%, sensitivity (probability of
high risk in those experiencing VTE)
of 35.7%, and specificity (probability of
low risk in those not experiencing VTE)
of 89.6% in the validation cohort.5
“The risk model has been integrated
into clinical practice guidelines and has
been used to select patients for recently
completed randomized controlled trials
of the DOACs,” said Lyman. “Based on
the updated ASCO guidelines, high-risk

patients with a Khorana score of 2 or
greater, without an increased bleeding
risk may be offered thromboprophylaxis with either an LMWH or DOAC.
Low-risk patients should not routinely
be offered thromboprophylaxis.”
Oncologists should fully evaluate
patients with high-risk cancers, such as
gastrointestinal, ovarian, and lung, for
their overall risk of VTE based on risk
score, suggested Lyman. “Prophylaxis
may be offered after weighing the risk
of bleeding and the benefit of anticoagulation,” he said. “The decision to use
thromboprophylaxis should be based on
an open discussion between the patient
and the treating oncologist after considering those benefits and risks.” n
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Prostate Cancer Consensus Panel to Script Testing Guidelines
for Inherited Disease
By RACHEL NAROZNIAK, MA

ALTHOUGH THE ONCOLOGY community has
made many advancements in understanding
the role of germline mutations in prostate
cancer, a pressing need exists for clarity in
determining which genes should be included
in testing panels and what steps should
be taken to counsel patients at risk and
their families.
Those were among the key messages that
emerged from the 2019 Philadelphia Prostate
Cancer Consensus Conference, where more
than 100 prostate cancer experts convened
with a shared goal: propose protocols for the
implementation of genetic testing for inherited disease. The initiative, which the Sidney
Kimmel Cancer Center at Jefferson Health
in Philadelphia, Pennsylvania, hosted in
October, was the follow-up to the inaugural
conference in 2017 that led to the publication
of a set of guidelines to aid in the management of hereditary prostate cancer.
Two years ago, the conference focused on
the populations that should consider genetic
counseling and genetic testing and the
genes that should factor into clinical considerations. The manuscript produced as a
result of the 2017 meeting, published in the
Journal of Clinical Oncology, marked “the first
comprehensive, multidisciplinary consensus statement to address a genetic evaluation
framework for inherited [prostate cancer] in
the multigene testing era,” the authors said.1
National and international medical organizations have since embraced
the guidelines.
Subsequent developments in prostate cancer
provide the impetus for
an update to the guidelines. “We now have not
only significant expansion
VEDA N. GIRI, MD
of multigene testing options, but also avenues
of access to genetic testing, expansion of
genetic testing guidelines, a greater [number]
of nongenetic providers ordering tests, and
rapid growth of precision medicine in clinical trials,” said Veda N. Giri, MD, director of
the Jefferson Clinical Cancer Genetics Service,
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Men’s Genetic Risk Clinic, who cochaired the
consensus meeting.
Clinicians, researchers, national organizations, thought leaders, and patient advocates
congregated at the 2019 conference to trade
insights on genes associated with prostate
cancer risk and aggressiveness; implementation strategies for genetic testing and
genetic counseling, specifically in terms of
screening and risk assessment; approaches
for cascade testing of family members; existing gaps in the use of genetic testing, such
as in diverse populations; and methods for
educating nongenetic providers about hereditary prostate cancer.
“Over the past 20 years we have seen an
increase in knowledge regarding the genetic
contribution to prostate cancer and in testing capabilities” Giri said. “[but] we will
need to make a lot of advances in this field.”
As in 2017, the conference participants
will produce a document that consolidates
consensus statements from the 2019 meeting. Summaries of the presentations have
been published as a supplement of The
Canadian Journal of Urology International.2
A final consensus manuscript will focus
on the best uses of genetic tests and define
subsequent resources to be developed for
patients and providers.

Aldubayan, MB, BS, an instructor in medicine at Dana-Farber Cancer Institute in
Boston, Massachusetts, said during a
presentation at the conference. “In 2017,
we had 3 main panels that included 12 to
14 genes. Nowadays there are at least
10 panels offered by major labs with very
valuable coverage.”

Over the past 20
years we have seen an
increase in knowledge
regarding the genetic
contribution to prostate
cancer and in testing
capabilities, [but] we will
need to make a lot of
advances in this field.”
— VEDA N. GIRI, MD

GENETIC LANDSCAPE
IN PROSTATE CANCER
Overall, germline mutations have been
reported in 15% to 17% of men diagnosed
with prostate cancer, including 12% of those
with metastatic disease.2 The ability to test
for genes that might confer a heightened risk
of malignancy is growing, as are the clinical implications of mutations. Patients with
BRCA1/2 mutations may be candidates for
treatment with PARP inhibitors, and pathogenic mutations in DNA repair mechanisms
have been associated with a preferential
response to platinum-containing therapies.2
“The landscape of multigene genetic testing in prostate cancer has evolved quite
significantly over the past 2 years,” Saud H.

In 2017, available prostate cancer multigene testing panels included genes
associated with a higher risk for prostate cancer—BRCA1/2, HOXB13, and DNA
mismatch repair (MMR) genes—as well as
other genes suspected of conferring risk
such as ATM, CHEK2, and NBN. The push to
update the 2017 guidelines reflects the need
for further standardized instruction in this
area, particularly as more testing panels hit
the market and as genetic counseling and
testing practices grow more common in the
prostate cancer field.
“We’re all aware that public awareness
of these genetic testing issues is out there.

Patients are becoming increasingly more
familiar with [these tests] and they’re going to
come to urologists and providers to ask them
for advice on whether or not to [pursue] these
things,” said presenter Michael S. Cookson,
MD. “We need to know whether they’re appropriate, how to obtain these [resources], and
what the results might mean.”
Like multigene testing panels in prostate
cancer, guidelines for genetically conscious
care in this disease setting are fairly new,
particularly to urologists, said Cookson,
professor and chairman of the Department
of Urology and the Donald D. Albers
Endowed Chair in Urology at the University
of Oklahoma Health Sciences Center in
Oklahoma City. He also is president-elect of
the Society of Urologic Oncology.
“The first appearance of some of the
advising guidance for testing men for mutations like BRCA1/2 was in the National
Comprehensive Cancer Network’s [NCCN]
guidelines for breast and ovarian cancer
syndrome, which urologists never really
went through,” Cookson said. “That was
obscure, and it was curious that it would
show up there before it would show up for
urologists or for medical oncologists caring
for men with prostate cancer.”
The NCCN did not mention BRCA1/2 in
its guidelines for prostate cancer until
2017, he added.

IDENTIFYING GENES OF INTEREST
Presenters at the consensus meeting broadly
supported testing for the established

prostate cancer susceptibility genes of
BRCA1/2 and HOXB13 and MMR genes in
panels specific for the disease. MMR genes,
which are associated with Lynch syndrome
(LS), include MLH1, MSH2, MSH6, PMS2,
and EPCAM.2 Additionally, testing should be
considered for gene mutations with evidence
that suggests higher risk for disease (ATM,
BLM) and for DNA repair genes with “predictive/therapeutic” utility, such as CHEK2,
PALB2, RAD50, RAD51D, and FANCA,
according to Kathleen A. Cooney, MD, chair
of the Department of Medicine at Duke
University School of Medicine in Durham,
North Carolina.
Genetic counseling and genetic testing
can be used to identify actionable mutations
that confer greater risk for prostate cancer;
project the aggressiveness of disease; and
subsequently inform preemptive courses of
care or, alternatively, treatment decisions,
Cooney said.
“There are many opportunities for us
to consider genetic testing, ranging from
risk assessment to prevention to prognosis, active surveillance, radiation therapy,
and the implications of results for family
members,” Cookson said.
If a genetic variant such as a BRCA2 mutation is associated with an increased risk
of advanced disease, then definitive treatment with surgery or radiation should be
favored over other strategies such as active
surveillance, said Brian T. Helfand, MD,
PhD, a research assistant professor in the
Department of Urology at the Feinberg School

CLINICAL QUESTIONS

Which men should consider germline testing?

of Medicine at Northwestern University in
Chicago, Illinois.
Although germline mutations in the
BRCA1/2 genes are believed to confer higher
risk for inherited prostate cancer, BRCA2
mutations are specifically linked to more
aggressive disease and worse prostate
cancer–specific outcomes than BRCA1
mutations. Therefore, Helfand would not
recommend active surveillance in the presence of a BRCA2 mutation.
He also cautioned against the use of active
surveillance for patients with ATM mutations. Mutations in BRCA1, CHEK2, and
MSH2 would warrant a discussion on the
risks and benefits of active surveillance,
Helfand said. He does not consider HOXB13
to be an actionable mutation; consequently,
active surveillance would be safe for
patients with that genetic variant.
Broader adoption of genetic counseling
and genetic testing is critical for those with
a known family history of prostate cancer,
hereditary breast and ovarian cancer (HBOC)
syndrome, and LS. Family history is the
strongest risk factor for hereditary prostate
cancer.2 The propensity for prostate cancer
is greatest for men with a first-degree relative who currently has or has had the disease.
Risk is augmented for those with multiple
first- or second-degree family members who
have received a prostate cancer diagnosis.
“A patient’s ancestry is an important
predictor of the likelihood of identifying
a pathogenic variant in prostate cancer–
relevant genes,” Cooney said. She added,
however, that multigene panel testing
“increases the chances of identifying pathogenic variants with unknown clinical
significance in prostate cancer.”

2017 CONCLUSIONS
Which genes should germline testing prioritize?
Which genes warrant consideration of earlier definitive treatment?
How/when should somatic testing inform germline testing?
Who are the underrepresented populations?
When should families pursue genetic testing and genetic counseling?

At the 2017 consensus conference, 71
experts from the United States, Canada,
England, and the Netherlands anonymously responded to a series of clinical
questions centered on the management of
prostate cancer via an electronic audience
response system.1
The majority of 2017 panelists recommended genetic counseling and testing for
men with prostate cancer whose families
meet the criteria for HBOC (93%), hereditary
prostate cancer (HPC; 95%), and LS (88%).
Vol. 20 | No. 22 | NOVEMBER 2019
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Participants also felt that genetic counseling
should be provided and genetic testing should
be performed in men with prostate cancer
who have ≥2 blood relatives on the same side
of the family with a cancer in HBOC (93%),
HPC (86%), or LS (86%). Many respondents
(67%) said that all men with metastatic castration-resistant prostate cancer (mCRPC) should
consider genetic testing.
Nearly all experts (98%) supported testing
for BRCA1/2 mutations in men with prostate
cancer with ≥2 close blood relatives on the
same side of the family with a cancer in the
HBOC spectrum. Additionally, 97% would
test MMR genes in those who meet the same
criteria for the LS spectrum.
Broadly, panelists advocated for shared decision making on genetic testing for prostate
cancer, with 77% agreeing that patients should
engage in discussions. Confirmatory germline testing for prostate cancer predisposition
was deemed appropriate for men with prostate
tumor sequencing that shows mutations in
cancer-risk genes (BRCA1/2, 89%; MMR genes,
88%; HOXB13, 68%; ATM, 61%).
The 2017 manuscript additionally
contained recommendations for interpreting test results for early-stage/localized
prostate cancer, advanced/high-risk
disease, and mCRPC.
Leonard G. Gomella, MD, cochair of the
Philadelphia Prostate Cancer Consensus, said
he is hopeful that the updated set of guidelines derived from the 2019 meeting will be
published in the first half of 2020, providing
insight on the optimal use of genetic counseling and genetic testing in this disease setting.
“We recognize the fact that not all patients
with prostate cancer need to undergo genetic
testing and have to be more specific on
which patients in which settings should
be considered for testing,” said Gomella,
who is chair of the Department of Urology
and director of the Kimmel Cancer Center
Network at Jefferson Health. n
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Gomella Highlights Growing
Utility of Testing
by JESSICA HERGERT

THE ROLE OF GENETIC testing
is becoming increasingly relevant
in prostate cancer as investigators begin to identify genes
associated with heritable risk
of disease and potential therapies associated with mutations,
according to Leonard G. Gomella, MD.
“There is no question that genetic testing is
expanding in all areas of medicine and in particular
in prostate cancer,” said Gomella. “The challenge
we have is that, unlike breast cancer where we have
15 to 20 years of really solid experience on these
genes, we don’t have long-term experience with the
prostate cancer genes yet.”
In an interview with OncologyLive® during the
2019 Philadelphia Prostate Cancer Consensus
Conference, Gomella, who cochaired the
meeting, discussed the issues and implications of genetic testing. Gomella is chair of the
Department of Urology and director of the Kimmel
Cancer Center Network at Jefferson Health in
Philadelphia, Pennsylvania.

Q:

What factors determine whether
an individual should undergo
genetic testing done?
We have some reasonably good guidelines right
now. For example, NCCN [National Comprehensive
Cancer Network] guidelines state that if you have
multiple family members who are under the age
of 55 with prostate cancer, you should probably
consider genetic testing.
Also, if you have prostate cancer and your family
has a heavy burden of related cancers or hereditary
cancer syndromes, such as breast cancer, ovarian
cancer, melanoma, or pancreatic cancer, it may be
wise to consider genetic testing.
Lastly, one of the least controversial areas right
now in genetic testing is for men who present with
metastatic prostate cancer. The reason is not only
about inherited prostate cancer, but any day now
we are going to introduce PARP inhibitors [and their
use] will be driven by genetic testing.
In terms of exactly who to screen, who not to
screen, and what family members [should also] have
genetic testing [done], we are still finding our way.

Over 80% of men who have prostate cancer have
sporadic prostate cancer and you can’t point a finger
to any inherited or familial clustering of the cancer.
However, if you are in that 15% to 20% of men for
whom there is a genetic connection, it is important
to consider genetic testing.

Q:

In your opinion, what does the
future of prostate cancer look
like with regard to genetic testing?
It used to be that if somebody discovered a drug in
colon cancer or lung cancer, you started treating
all sorts of patients with prostate cancer [with the
same drug] to see if it worked.
However, we have moved beyond that over
the last 10 to 15 years, and we are focusing on
precision medicine now. One significant component of precision medicine is identifying unique
genetic alterations in a given patient to help direct
their treatment.
Right now, we are looking at mismatch repair for
immunotherapy. It is not specific for prostate cancer,
but it is an area we are using genetic testing for.
That will clearly expand in the future.
In the next few years, the expansion of genetic
testing coupled with pharmacogenomics in urology
will become very prominent. We are going to identify very specific alterations in specific patients to
choose what drug they should be treated with.

Q:

What trials are evaluating a
role for genetic testing in
prostate cancer?
There are literally dozens of trials that are ongoing.
They are focusing on 2 general areas right now:
PARP inhibitors and immunotherapy.
PARP inhibitors are already used extensively in
other diseases, such as ovarian cancer. Many of
the trials are looking for the genetic pharmaco
genomics approval in a patient who has a
germline [mutation].
In the immunotherapy world, we are looking at
specific mismatch repair genes and other aspects
of immunotherapy—again, the good thing is that it
is all based on precision medicine—and trying to
identify the best treatment for the patient at the
point of time their disease is developing. n

Emerging Immunotherapy Combos Seek
to Capitalize on the Powers of RT
by JANE DE LARTIGUE, PHD

A GROWING APPRECIATION of the immunomodulatory properties of radiation therapy (RT) and
their role in the rare, but highly sought-after
“abscopal effect”—whereby localized RT elicits
systemic antitumor effects—is fueling excitement in the radiation oncology field.
Accumulating evidence suggests that RT
may make an ideal therapeutic partner for
immunotherapy, potentially expanding its
reach by turning up the heat in immunologically cold tumors while also extending the
curative potential of RT into the metastatic
setting1-5 (FIGURE3).
The evidence has come predominantly
from preclinical studies and clinical case
reports or retrospective analyses. That is
set to change, however, with hundreds of
ongoing clinical trials evaluating the combination of immunotherapy and RT across
different tumor settings, according to the
ClinicalTrials.gov website. These include
many phase III studies (TABLE).6

In recent years, a number of prospective
clinical trials have evaluated the safety and
efficacy of RT combined with immune checkpoint inhibitors (ICIs) targeting CTLA-4 and
the PD-1/PD-L1 pathway, and additional studies are planned. Findings from one of these
trials were highlighted at the 2019 American
Society for Radiation Oncology (2019 ASTRO)
Annual Meeting,7 and several others were
recently published.8,9
So far, the results of only 2 randomized
phase III trials evaluating combinations of RT
and ICIs have been published. The PACIFIC
trial, which evaluated the use of durvalumab
(Imfinzi) as consolidation therapy following
chemoradiation therapy (CRT) in patients with
advanced non–small cell lung cancer (NSCLC),10
prompted regulatory approval in this setting.11
In the CA184-043 trial, however, patients with
metastatic prostate cancer did not receive any
overall survival (OS) benefit from the combination of ipilimumab (Yervoy) and RT.12

F I G U R E . R A D I AT I O N T H E R A P Y C A N P R I M E I M M U N E R E S P O N S E 3
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Radiation therapy can generate the release of antigens from tumor cells, setting the stage for immune checkpoint inhibitors.
APC indicates antigen-presenting cell; CTL, cytotoxic T lymphocyte.
Recreated under a Creative Commons license from Ko EC, Formenti SC. Therapeutic Adv Med Oncol. 2018;10:1758835918768240.
doi: 10.1177/1758835918768240.
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The discrepancy between the results
of these clinical trial findings highlights
a limited understanding of the effects of
combined immunotherapy and RT. Ongoing
studies aim to address this limitation and
some of the as-yet unanswered questions that
may be critical to patient outcomes.

THE ABSCOPAL EFFECT
Since the discovery of x-rays in the late
1800s, ionizing radiation has been an effective tool for cancer treatment.13,14 Estimates
suggest that approximately half of all patients
with cancer can benefit from RT in the
management of their disease.15
The anticancer role of RT is related to its
capacity to induce DNA damage and trigger
various forms of cell death (predominantly
apoptosis and mitotic catastrophe), exploiting the reduced DNA repair capabilities of
tumor cells.13,14
In the early-disease setting of many cancer
types, RT can be curative. When cancer is
more advanced and metastasizes, however,
RT plays mainly a palliative role, helping to
reduce the tumor burden, prolong survival,
and improve quality of life.1,2,5
Advances in the guidance and delivery
of RT have permitted oncologists to administer ablative doses in the setting of
oligometastatic disease, which were recently
shown in the phase II SABR-COMET trial
to be associated with improved survival.16
Nonetheless, patients ultimately experience
distal metastases.2
Published reports have documented a rare
event occurring with RT in some patients
with distal metastases. This phenomenon is
dubbed the abscopal effect, from the Latin
meaning “away from the target.”17 First noted
in the 1950s, it describes regression seen in
tumors outside the irradiated field.18
As investigators sought to understand
the molecular mechanisms underlying
the abscopal effect, they discovered that
it is most likely mediated by the immune
system.19 In mouse models, RT was shown

to drive the generation of a tumor-specific
immune response. The ability of RT to inhibit
tumor growth was significantly reduced in
immune-deficient mice compared with those
with a proficient immune system and was
shown to be highly dependent on interferon
gamma expression and the presence of effector T cells.3,4,19-23

IN SITU VACCINATION?
Subsequent studies have shined a light on
the multifaceted immunomodulatory properties of RT and have begun to provide a more
detailed picture of how RT-induced antitumor immunity mediates tumor regression.
For years, the prevailing paradigm was that
apoptosis was nonimmunogenic, whereas
necrosis played a role in inflammation and
immunity. More recently, a new model has
been proposed to account for the immunostimulatory properties of some instances of
apoptosis: immunogenic cell death, which
describes the ability of some dying cells to
elicit an immune response.24
Investigators have proposed that irradiation of a tumor induces immunogenic cell
death, which creates an in situ vaccination
effect: The dying cells release tumor-associated antigens that provoke an adaptive
immune response.4,6,25
Presentation of these tumor-derived neoantigens causes cytotoxic T-cell activation,
leading to immune-mediated tumor destruction. RT has been shown to promote this
process by upregulating the expression of
major histocompatibility complex I molecules26 on the surface of tumor cells and by
upregulating prophagocytosis signals while
downregulating signals that inhibit phagocytosis of tumor cells by macrophages.
RT-induced cell death also leads to increased
release of danger-associated molecular
patterns that stimulate the innate arm of the
immune response.4,6,25,27,28
Furthermore, RT can remodel the immunosuppressive tumor microenvironment by
promoting the release of proinflammatory
cytokines, chemokines that attract immune
effector cells, and other immunostimulatory factors. Because RT eliminates many of
the immune cells around the tumor, it can
generate a blank slate on which the tumor
microenvironment can be repopulated
more favorably.4,6,25

TA B L E . O N G O I N G P H A S E I I I T R I A L S O F R T + I M M U N O T H E R A P Y
Trial Name/
ClinicalTrials.gov
Identifier

Setting

Treatment

Estimated Enrollment/
Primary Completion Date

NCT03391869

Stage IV NSCLC

LCT after nivolumab and
ipilimumab

270; December 2022

PACIFIC2/
NCT03519971a

Locally advanced, unresectable
stage III NSCLC

Durvalumab given concurrently
with platinum-based CRT

328; September 2020

PACIFIC-4/
NCT03833154

Unresected stage I/II, lymph
node–negative NSCLC

Durvalumab vs placebo
following SBRT

630; October 2023

PACIFIC-5/
NCT03706690

Unresectable stage III NSCLC that
has not progressed following platinum-based CRT

Durvalumab vs placebo

360; March 2021

PrTK03/
NCT01436968

Localized, intermediate/high-risk
prostate cancer

ProstAtak + valacyclovir + RT
+/- ADT

711; December 2022

CheckMate548/
NCT02667587

Newly diagnosed, MGMT-methylated
GBM

Nivolumab vs temozolomide,
both + RT

693; February 2022

CheckMate 498/
NCT02617589

Newly diagnosed, MGMT-unmethylated GBM

Nivolumab vs temozolomide,
both + RT

550; January 2019b

REACH/
NCT02999087

Previously untreated, locally
advanced-stage III, IVa, or IVb HNSCC

Avelumab + cetuximab + RT

688; December 2027

JAVELIN HEAD AND
NECK 100/
NCT02952586a

Previously untreated, locally
advanced-stage III, IVa, or IVb HNSCC

Avelumab + CRT

697; April 2021

KEYNOTE-630/
NCT03833167

High-risk locally advanced cutaneous squamous cell carcinoma

Pembrolizumab following
surgery and RT

570; April 2026

KEYNOTE-867/
NCT03924869

Unresectable stage I or IIa NSCLC

SBRT +/- pembrolizumab

530; April 2025

MK-3475-689/
NCT03765918

Newly diagnosed stage III/IVa,
resectable, locally advanced HNSCC

Pembrolizumab + RT +/cisplatin following surgery

704; July 2025

NCT03867175

Stage IV NSCLC

Pembrolizumab +/- SBRT
after frontline therapy

116; July 2027

NCT03952585

Stage I/II, HPV+, nonsmoking-associated oropharyngeal cancer

Deintensified RT + nivolumab
or cisplatin

711; February 2025

NIRVANA-LUNG/
NCT03774732

Stage IIIb/IIIc/IV NSCLC

Pembrolizumab, nivolumab,
or atezolizumab + RT

510; May 2022

NCT03811002

Limited-stage small cell lung cancer

CRT +/- atezolizumab

506; May 2024

NCT03775265

Localized muscle-invasive
bladder cancer

CRT +/- atezolizumab

475; June 2025

NCT03258554

Locally advanced stage III/IVa/IVb
HNSCC ineligible for cisplatin

RT + durvalumab/
cetuximab

523; December 2025

DEN-STEM/
NCT03548571

IDH wild-type, MGMT-methylated GBM

DC-based immunotherapy + RT

60; May 2021

ADT indicates androgen deprivation therapy; CRT, chemoradiation therapy; DC, dendritic cell; GBM, glioblastoma; HNSCC, head and neck squamous cell carcinoma; HPV, human papillomavirus; IDH, isocitrate dehydrogenase; LCT, local consolidation therapy; MGMT, O6-methylguanine-DNA
methyltransferase; NSCLC, non–small cell lung cancer; RT, radiation therapy; SBRT, stereotactic body radiation therapy.
Study is active but not recruiting participants.
Actual study completion date.

a

b

Overall, RT is thought to help unmask
the tumor, making it visible to the immune
surveillance machinery so it can elicit an
effective antitumor immune response.
Importantly, however, RT could be a
double-edged sword, as it can also have
immunosuppressive effects. Whether an
immunostimulatory or immunosuppressive
environment prevails may depend on the
radiation dose, the fractionation schedule,
and other factors.4,6,25,29

HARNESSING SYNERGY
Despite clear evidence of the immunemediated effects of RT, the abscopal effect
is rare, and relapse is common, suggesting that RT-induced antitumor immunity
is not sufficient to completely eliminate
the tumor. With the advent of immunotherapyhave come suggestions of synergistic
activity when the 2 treatment modalities
are combined and more frequent reports of
abscopal responses.4,5
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The key to this synergy is that combining RT and immunotherapy could translate
the localized effects of RT into a systemic
response—a theory that has been borne out,
to some extent, by increased reports of abscopal responses—and the potential for long-term
immunological memory, which could help to
prevent recurrence.2,4,25,29
The synergistic effects might also work in
reverse, with RT acting to reduce the tumor
burden, which could boost the effects of immunotherapy. According to the tumor burden
hypothesis, a reduction in tumor burden would
reduce inhibitory signaling by tumor-infiltrating lymphocytes (TILs) and reinvigorate their
antitumor activity. In addition to having other
immunostimulatory effects, this could allow
RT to prime the immunologic response of cold
tumors, which are typically unresponsive to
immunotherapy, by reinvigorating exhausted
T-cell populations.2,3,29
The most substantial body of evidence to
date has come from the combination of RT
with ICIs. Preclinical trials have demonstrated synergy between RT and ICIs targeting
CTLA-4 or the PD-1/PD-L1 axis, with the
triple combination of RT and both types of ICIs
especially beneficial for helping to stem the
development of resistance.30,31
Clinical evidence has come mostly from
case reports and retrospective studies.32-38 An
example of the latter is a secondary analysis
of the KEYNOTE-001 trial, in which patients
with locally advanced or metastatic NSCLC
were treated with pembrolizumab (Keytruda).
Patients who had received prior RT had significantly longer progression-free survival (PFS)
and OS than those who had not.39
A number of prospective studies have been
completed in recent years. Although many
have been nonrandomized and involved small
cohorts, they have generally lent support to the
idea that RT and ICIs can be safely combined,
with some evidence of synergistic activity and
abscopal responses. A variety of ICIs have been
tested in combination with different types of
RT and different treatment sequencing, dosing,
and fractionation schedules.
The abscopal effect has been reported to
be positively correlated with the biologically
effective dose of radiation, with greater likelihood of abscopal response with increasing
doses in preclinical models.40 In a recent phase
II study, the results of which were presented
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at 2019 ASTRO, investigators sought to determine whether the abscopal effect would occur
when high-dose radiation administered to a
single site was combined with pembrolizumab
in patients with metastatic NSCLC.
Among 56 patients, 22 were candidates for
stereotactic body radiotherapy (SBRT) as a result
of progression on pembrolizumab (6 had already
progressed on immunotherapy; 16 were immunotherapy naïve and began pembrolizumab
during the trial, then subsequently progressed).
After a median follow-up of 15.2 months, the
disease control rate was 57.14% among the
21 patients who completed both treatments, and
investigators observed some abscopal responses.
Two partial responses (shrinkage of tumors
outside the irradiated area) lasting more than a
year were observed, and 10 patients experienced
stable disease. Patients with higher CD8-positive
T-cell and TIL counts showed improved PFS, as
did patients who experienced immune-related
adverse events.7
Another phase II trial explored this combination in the reverse sequence, evaluating the
addition of pembrolizumab after locally ablative
therapy (LAT), including RT, in patients with
oligometastatic NSCLC. Patients were treated
with pembrolizumab 200 mg in up to eight
21-day cycles within 4 to 12 weeks of completing LAT and had the option of an additional
8 cycles in the absence of progressive disease.
The trial included 2 primary end points,
PFS-L and PFS-P (PFS from the start of LAT
and pembrolizumab treatment, respectively);
PFS-L was compared with historical data.
Median PFS-L was 19.1 months—significantly
greater than the historical median of 6.6
months (P = .005)—and median PFS-P was
18.7 months. The combination was safe, with
no reduction in patient quality of life.8

RANDOMIZED TRIALS
Data from only 2 randomized phase III trials
have been published to date. The PACIFIC trial
demonstrated a clear benefit of ICI therapy
following CRT. Patients with stage III NSCLC
who had not progressed on platinum-based
CRT were randomized to receive 10 mg/kg
durvalumab or placebo every 2 weeks. Median
PFS was significantly greater in patients who
received durvalumab (16.8 vs 5.6 months),
as was the objective response rate.10 Updated
results published in 2018 also demonstrated
an improvement in 2-year OS rate (66.3% vs

55.6%; P = .005).41
On the basis of this trial, the FDA approved
durvalumab as maintenance therapy following
completion of CRT in this patient population.11 At 2019 ASTRO, a new analysis of the
survival data from the PACIFIC trial was
presented; it suggested that durvalumab and
CRT significantly lessened the rates of local
and distant recurrence.42
Several phase II studies have recently
evaluated combinations of other ICIs with
concurrent CRT. In the DETERRED trial, investigators examined concurrent atezolizumab
(Tecentriq) and CRT in patients with locally
advanced NSCLC. In part 1 of this study, 10
patients underwent CRT followed by consolidation chemotherapy and atezolizumab;
atezolizumab was then given as maintenance therapy for 1 year. In part 2, 30 patients
received concurrent atezolizumab and CRT
followed by the same consolidation and maintenance regimen used in part 1. One-year OS
was 79% in both parts, and 1-year PFS rates
were 50% and 57%, respectively.43
In the HCRN LUN14-179 trial, investigators
administered consolidation pembrolizumab
following standard chemotherapy-based CRT
to 92 patients with advanced NSCLC. The
primary end point of median time to metastatic
disease or death was not reached by the median
follow-up of 16.4 months; this represented a
substantial improvement compared with historical controls. Estimates of 1- and 2-year OS were
80.5% and 68.7%, respectively.44
The other randomized phase III trial was
CA184-043, in which patients with metastatic castration-resistant prostate cancer that
had progressed after docetaxel chemotherapy
were randomized to receive bone-directed RT
followed by either ipilimumab 10 mg/kg or
placebo. Unfortunately, no significant difference in OS was observed between the 2 groups.
However, the results of a prespecified subgroup
analysis suggested a potential benefit for certain
subgroups of patients, particularly those with
favorable prognostic features.12
According to a recent review, more than
350 clinical trials of combinations of immunotherapy and RT had been registered on the
ClinicalTrials.gov website as of May 2019, and
many are randomized trials.6 Among them is
the PEMBRO-RT trial comparing pembrolizumab alone with pembrolizumab after SBRT
in patients with metastatic NSCLC. Results

from this trial were recently published in
JAMA Oncology.9
Among the 76 patients randomized, the
combination of pembrolizumab and SBRT led to
a doubling of overall response rate at 12 weeks
compared with pembrolizumab alone (36% vs
18%, respectively; P = .07). Median PFS was 6.6
versus 1.9 months (P = .19), and median OS was
15.9 versus 7.6 months, respectively (P = .16).
Despite these positive results, the study did not
meet prespecified criteria to demonstrate clinically meaningful benefit.9

UNANSWERED QUESTIONS
Not all the data emerging from these studies are positive, which highlights challenges
to the combined use of RT and immunotherapy. The molecular mechanisms underlying
their synergy are still uncertain, and a better
understanding could help to put some of the
clinical heterogeneity in context, particularly
the potential of RT to elicit immunosuppressive rather than immunostimulatory effects.
Beyond this, significant unanswered questions remain about the type of RT that works
best and the optimal dose and fractionation
schedules that elicit the greatest synergistic
effect while avoiding toxicity. The sequencing
and timing of administration of RT and immunotherapy is also an open question. Is it best to use
RT first, use immunotherapy first, or administer
them at the same time?4-6 To date, there is little
evidence to support one particular strategy, but
results of one study suggest the approach may
depend on the type of immunotherapy.45
A growing number of studies are addressing
the issue of a single fraction of RT versus
multiple fractions, as well as optimal dosing.
The results of some have demonstrated
improved outcomes for single-fraction compared
with multifraction doses and for hypofractionated SBRT compared with conventional
daily dosing.17 The studies have yielded some
conflicting results, however, suggesting that
the best fractionation schedule may depend
on the particular context.5 Numerous ongoing clinical trials are continuing to address
these challenges. n
Jane de Lartigue, PhD, is a freelance medical
writer and editor based in Gainesville, Florida.
For a full list of references,
see the article at

Yale Expert Searches for
the Elusive “Abscopal” Effect
by JANE DE LARTIGUE, PHD

FINDINGS FROM EARLY clinical trials have demonstrated
intriguing potential for the combination of immune checkpoint
inhibitors and radiation therapy
to produce systemic responses
in patients with cancer, but much
larger studies are needed to establish the population
most likely to benefit from this approach, according to
Allison Campbell, MD, PhD.
Campbell, a radiation oncologist at Yale School of
Medicine in New Haven, Connecticut, has authored
several reviews on the subject of combined radiation therapy and immunotherapy. She is the lead
author of a phase II study of stereotactic body
radiotherapy (SBRT) in patients with non–small
cell lung cancer whose disease had progressed
on the PD-1 inhibitor pembrolizumab (Keytruda).
Findings presented at the 2019 American Society
for Radiation Oncology Annual Meeting showed that
SBRT resulted in a systemic response rate of nearly
10% and a disease control rate of 57% in 21 patients
who completed treatment.
In an interview with OncologyLive®, Campbell
discussed the synergy between the 2 treatment
modalities and the challenges facing ongoing
clinical development.

Q:

Can you briefly describe what
is behind the synergy between
immunotherapy and radiation therapy?
Immunotherapy is a general term that can refer to any
treatment that activates the immune system to fight
cancer. Two things are needed for an effective immune
response: (1) an activating signal that tells the immune
system to attack and (2) a target. Immunotherapy
provides the activating signal. Radiation can help
provide a target because when cancer cells are killed
with radiation, those dead tumor cells attract the
attention of the immune system.

Q:

Does this synergy apply to all
types of immunotherapy?
This synergy applies to all checkpoint inhibitors, which
is what people usually think of when they think of
immunotherapy. Checkpoint inhibitors block inhibitory pathways in T cells, a special type of immune cell

that can kill cancer cells. When you inhibit an inhibitory
pathway, it results in activation. A good metaphor to
think of is lifting your foot off the brake in a car.

Q:

In your opinion, what are the most
exciting clinical trial results to
date with this combination?
The most exciting clinical trials are those in which
an abscopal effect has been observed. The word
abscopal means “away [ab] from the target [scopus].”
It refers to a special type of synergy between radiation
and immunotherapy. In a small number of patients
with metastatic cancer who are on immunotherapy,
radiation to just 1 site of disease has been shown to
result in tumor regression throughout the whole body.

Q:

What are the major barriers
to incorporating this combination
into routine clinical care?
At this point, we are still learning about how to best
deliver the radiation and how best to time it relative to immunotherapy. Trials are being performed
now that look at these questions. For any therapy
to become the standard of care, what is ultimately
needed is a phase III randomized trial showing a
benefit in a large population of patients.

Q:

What are the most urgent
unanswered questions
about combining immunotherapy and
radiation therapy?
There have been promising results from early trials
showing synergy between immunotherapy and radiation, but these abscopal responses are usually seen
in a small number of patients. We need to learn all
we can about the [patients] who respond well to
the combination of immunotherapy and radiation so
we can predict who will benefit most and how we
might improve the proportion of patients who have a
good response. n
REFERENCE
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TARGET PD-L1
BLOCKADE

Indication
IMFINZI is indicated for the treatment of patients with locally advanced or metastatic urothelial carcinoma who:
• have disease progression during or following platinum-containing chemotherapy
• have disease progression within 12 months of neoadjuvant or adjuvant treatment with platinum-containing chemotherapy
This indication is approved under accelerated approval based on tumor response rate and duration of response. Continued approval
for this indication may be contingent upon verification and description of clinical benefit in confirmatory trials.
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Enable the immune system.

RECOGNIZE. RESPOND.
Efficacy

Safety

• 17% ORR among all patients (2.7% complete response,
14.3% partial response; n=182)1

• Serious potentially fatal risks were seen with IMFINZI;
serious adverse reactions occurred in 46% of patients1

– 26% ORR among PD-L1 high expressers (n=95)1
– 4% ORR among PD-L1 low/no expressers (n=73)1
• 24% ORR demonstrated among patients who
received only prior neoadjuvant or adjuvant therapy1
• Median time to response was 6 weeks2
– Based on a secondary endpoint in a single-arm trial

• The most common Grade 3 or 4 adverse reactions were
fatigue (6%), urinary tract infection (4%), musculoskeletal
pain (4%), and abdominal pain (3%)1
• The most common adverse reactions were fatigue
(39%), musculoskeletal pain (24%), constipation (21%),
decreased appetite (19%), and nausea (16%)1
• Few discontinuations due to adverse events (3.3%)1

• Median duration of response not yet reached

1

ORR=overall response rate.
ORR determined by blinded independent central review (BICR) of target lesion diameter according to RECIST v1.1 criteria.

Choose IMFINZI following platinum-based therapy for your patients with
locally advanced or metastatic urothelial carcinoma. Visit IMFINZI.com/hcp

Important Safety Information
There are no contraindications for IMFINZI® (durvalumab).
IMFINZI can cause serious, potentially fatal adverse reactions including immune-mediated pneumonitis, hepatitis, colitis or
diarrhea, endocrinopathies, nephritis, rash or dermatitis, other immune-mediated adverse reactions, infection, and infusionrelated reactions. Please refer to the full Prescribing Information for important dosage modification and management information
specific to adverse reactions.

Please see Important Safety Information on next page.
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Important Safety Information (continued)
Immune-Mediated Pneumonitis
IMFINZI can cause immune-mediated pneumonitis, defined as requiring use of corticosteroids. Fatal cases have been reported. Monitor
patients for signs and symptoms of pneumonitis and evaluate with radiographic imaging when suspected. Administer corticosteroids for
Grade 2 or greater pneumonitis. Withhold IMFINZI for Grade 2 pneumonitis; permanently discontinue for Grade 3 or 4 pneumonitis.
In clinical studies enrolling 1889 patients with various cancers who received IMFINZI, pneumonitis occurred in 5% of patients, including
Grade 3 (0.8%), Grade 4 (<0.1%), and Grade 5 (0.3%) pneumonitis. Pneumonitis led to discontinuation of IMFINZI in 1.5% of the 1889
patients. The incidence of pneumonitis (including radiation pneumonitis) was higher in patients in the PACIFIC study who completed
treatment with definitive chemoradiation within 42 days prior to initiation of IMFINZI (34%) compared to patients in other clinical studies
(2.3%) in which radiation therapy was generally not administered immediately prior to initiation of IMFINZI.

Immune-Mediated Hepatitis
IMFINZI can cause immune-mediated hepatitis, defined as requiring use of corticosteroids. Fatal cases have been reported. Monitor
patients for signs and symptoms of hepatitis during and after discontinuation of IMFINZI, including clinical chemistry monitoring.
Administer corticosteroids for Grade 2 or higher elevations of ALT, AST, and/or total bilirubin. Withhold IMFINZI for ALT or AST greater
than 3 but less than or equal to 8 times the ULN or total bilirubin greater than 1.5 but less than or equal to 5 times the ULN;
permanently discontinue IMFINZI for ALT or AST greater than 8 times the ULN or total bilirubin greater than 5 times the ULN or
concurrent ALT or AST greater than 3 times the ULN and total bilirubin greater than 2 times the ULN with no other cause.
In clinical studies enrolling 1889 patients with various cancers who received IMFINZI, hepatitis occurred in 12% of patients, including
Grade 3 (4.4%), Grade 4 (0.4%), and Grade 5 (0.2%) hepatitis. Hepatitis led to discontinuation of IMFINZI in 0.7% of the 1889 patients.

Immune-Mediated Colitis
IMFINZI can cause immune-mediated colitis, defined as requiring use of corticosteroids. Administer corticosteroids for Grade 2 or
greater colitis or diarrhea. Withhold IMFINZI for Grade 2 colitis or diarrhea; permanently discontinue for Grade 3 or 4 colitis or diarrhea.
In clinical studies enrolling 1889 patients with various cancers who received IMFINZI, colitis or diarrhea occurred in 18% of patients,
including Grade 3 (1.0%) and Grade 4 (0.1%) colitis. Diarrhea or colitis led to discontinuation of IMFINZI in 0.4% of the 1889 patients.

Immune-Mediated Endocrinopathies
IMFINZI can cause immune-mediated endocrinopathies, including thyroid disorders, adrenal insufficiency, type 1 diabetes mellitus, and
hypophysitis/hypopituitarism. Monitor patients for clinical signs and symptoms of endocrinopathies.
• Thyroid disorders—Monitor thyroid function prior to and periodically during treatment. Initiate hormone replacement therapy or
medical management of hyperthyroidism as clinically indicated. Withhold IMFINZI for Grades 2–4 hyperthyroidism, until clinically
stable. Continue IMFINZI for hypothyroidism.
In clinical studies enrolling 1889 patients with various cancers who received IMFINZI, hypothyroidism occurred in 11% of patients,
while hyperthyroidism occurred in 7% of patients. Thyroiditis occurred in 0.9% of patients, including Grade 3 (<0.1%). Hypothyroidism
was preceded by thyroiditis or hyperthyroidism in 25% of patients
• Adrenal insufficiency—Administer corticosteroids as clinically indicated and withhold IMFINZI until clinically stable for Grade 2 or
higher adrenal insufficiency. In clinical studies enrolling 1889 patients with various cancers who received IMFINZI, adrenal
insufficiency occurred in 0.7% of patients, including Grade 3 (<0.1%) adrenal insufficiency
• Type 1 diabetes mellitus—Initiate treatment with insulin as clinically indicated. Withhold IMFINZI for Grades 2–4 type 1 diabetes
mellitus, until clinically stable. In clinical studies enrolling 1889 patients with various cancers who received IMFINZI, type 1
diabetes mellitus occurred in <0.1% of patients
• Hypophysitis—Administer corticosteroids and hormone replacement as clinically indicated and withhold IMFINZI until clinically
stable for Grade 2 or higher hypophysitis. Hypopituitarism leading to adrenal insufficiency and diabetes insipidus occurred in <0.1% of
1889 patients with various cancers who received IMFINZI

Immune-Mediated Nephritis
IMFINZI can cause immune-mediated nephritis, defined as evidence of renal dysfunction requiring use of corticosteroids. Fatal cases
have occurred. Monitor patients for abnormal renal function tests prior to and periodically during treatment with IMFINZI. Administer
corticosteroids as clinically indicated. Withhold IMFINZI for creatinine greater than 1.5 to 3 times the ULN; permanently discontinue
IMFINZI and administer corticosteroids in patients with creatinine greater than 3 times the ULN.
In clinical studies enrolling 1889 patients with various cancers who received IMFINZI, nephritis (reported as any of the following:
increased creatinine or urea, acute kidney injury, renal failure, decreased glomerular filtration rate, tubulointerstitial nephritis, decreased
creatinine clearance, glomerulonephritis, and nephritis) occurred in 6.3% of the patients including Grade 3 (1.1%), Grade 4 (0.2%), and
Grade 5 (0.1%) nephritis. IMFINZI was discontinued in 0.3% of the 1889 patients.

Immune-Mediated Dermatologic Reactions
IMFINZI can cause immune-mediated rash. Bullous dermatitis and Stevens Johnson Syndrome (SJS)/toxic epidermal necrolysis (TEN)
have occurred with other products in this class. Administer corticosteroids for Grade 2 rash or dermatitis lasting for more than 1 week
or for Grade 3 or 4 rash or dermatitis. Withhold IMFINZI for Grade 2 rash or dermatitis lasting longer than 1 week or Grade 3 rash or
dermatitis; permanently discontinue IMFINZI in patients with Grade 4 rash or dermatitis.
In clinical studies enrolling 1889 patients with various cancers who received IMFINZI, 26% of patients developed rash or dermatitis and
0.4% of the patients developed vitiligo. Rash or dermatitis led to discontinuation of IMFINZI in 0.1% of the 1889 patients.
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Other Immune-Mediated Adverse Reactions
IMFINZI can cause severe and fatal immune-mediated adverse reactions. These immune-mediated reactions may involve any organ
system. While immune-mediated reactions usually manifest during treatment with IMFINZI, immune-mediated adverse reactions can
also manifest after discontinuation of IMFINZI. For suspected immune-mediated adverse reactions, exclude other causes and initiate
corticosteroids as clinically indicated. Withhold IMFINZI for Grade 3 immune-mediated adverse reactions, unless clinical judgment
indicates discontinuation; permanently discontinue IMFINZI for Grade 4 adverse reactions.
The following clinically significant, immune-mediated adverse reactions occurred at an incidence of less than 1% each in 1889 patients
who received IMFINZI: aseptic meningitis, hemolytic anemia, immune thrombocytopenic purpura, myocarditis, myositis, and ocular
inflammatory toxicity, including uveitis and keratitis. Additional clinically significant immune-mediated adverse reactions have been seen
with other products in this class (see Warnings and Precautions Section 5.7 of IMFINZI full Prescribing Information).

Infection
IMFINZI can cause serious infections, including fatal cases. Monitor patients for signs and symptoms of infection and treat as clinically
indicated. Withhold IMFINZI for Grade 3 or 4 infection, until clinically stable.
In clinical studies enrolling 1889 patients with various cancers who received IMFINZI, infections occurred in 43% of patients, including
Grade 3 (8%), Grade 4 (1.9%), and Grade 5 (1.0%). The overall incidence of infections in IMFINZI-treated patients in the PACIFIC study
(56%) was higher compared to patients in other clinical studies (38%) in which radiation therapy was generally not administered
immediately prior to initiation of IMFINZI. In patients with UC in Study 1108 (n=182), the most common Grade 3 or higher infection was
urinary tract infections, which occurred in 4% of patients.

Infusion-Related Reactions
IMFINZI can cause severe or life-threatening infusion-related reactions. Monitor patients for signs and symptoms of an infusion-related
reaction. Interrupt or slow the rate of infusion for Grades 1–2 infusion-related reactions; permanently discontinue for Grades 3–4
infusion-related reactions.
In clinical studies enrolling 1889 patients with various cancers who received IMFINZI, infusion-related reactions occurred in 2.2% of
patients, including Grade 3 (0.3%).

Embryo-Fetal Toxicity
Based on its mechanism of action and data from animal studies, IMFINZI can cause fetal harm when administered to a pregnant woman.
There are no data on the use of IMFINZI in pregnant women. Advise pregnant women of the potential risk to a fetus and advise women of
reproductive potential to use effective contraception during treatment and for at least 3 months after the last dose of IMFINZI.

Lactation
There is no information regarding the presence of IMFINZI in human milk; however, because of the potential for adverse reactions in
breastfed infants from IMFINZI, advise women not to breastfeed during treatment and for at least 3 months after the last dose.

Most Common Adverse Reactions
• In patients with UC in Study 1108 (n=182), the most common adverse reactions (≥15%) were fatigue (39%), musculoskeletal pain
(24%), constipation (21%), decreased appetite (19%), nausea (16%), peripheral edema (15%), and urinary tract infection (15%).
The most common Grade 3 or 4 adverse reactions (≥3%) were fatigue, urinary tract infection, musculoskeletal pain, abdominal
pain, dehydration, and general physical health deterioration
• In patients with UC in Study 1108, discontinuation due to adverse reactions occurred in 3.3% of patients. Serious adverse
reactions occurred in 46% of patients. The most frequent serious adverse reactions (>2%) were acute kidney injury (4.9%),
urinary tract infection (4.4%), musculoskeletal pain (4.4%), liver injury (3.3%), general physical health deterioration (3.3%), sepsis,
abdominal pain, and pyrexia/tumor associated fever (2.7% each)
The safety and effectiveness of IMFINZI have not been established in pediatric patients.

Please see Brief Summary of complete Prescribing Information on adjacent page.
You are encouraged to report negative side effects of prescription drugs to the FDA.
Visit www.FDA.gov/medwatch or call 1-800-FDA-1088.
References: 1. IMFINZI [package insert]. Wilmington, DE: AstraZeneca Pharmaceuticals LP; 2018.
2. Powles T, O’Donnell PH, Massard C, et al. Efficacy and Safety of Durvalumab in Locally Advanced or Metastatic Urothelial Carcinoma
Updated Results From a Phase 1/2 Open-label Study. JAMA Oncol. 2017;3(9):e172411. doi:10.1001/jamaoncol.2017.2411.

IMFINZI is a registered trademark of the AstraZeneca group of companies.
©2018 AstraZeneca. All rights reserved. US-13516 3/18

4/5/19 4:44 PM

TRIM SIZE: 8.5” x 11”

IMFINZI® (durvalumab) injection, for intravenous use
Initial U.S. Approval: 2017
Brief Summary of Prescribing Information. For complete prescribing information consult official
package insert.
INDICATIONS AND USAGE
Urothelial Carcinoma
IMFINZI is indicated for the treatment of patients with locally advanced or metastatic urothelial
carcinoma who:
• have disease progression during or following platinum-containing chemotherapy.
• have disease progression within 12 months of neoadjuvant or adjuvant treatment with
platinum-containing chemotherapy.
This indication is approved under accelerated approval based on tumor response rate and
duration of response. Continued approval for this indication may be contingent upon verification and
description of clinical benefit in confirmatory trials [see Clinical Studies (14.1) in the full
Prescribing Information].
DOSAGE AND ADMINISTRATION
Recommended Dosage for Urothelial Carcinoma
The recommended dose of IMFINZI is 10 mg/kg administered as an intravenous infusion over
60 minutes every 2 weeks, until disease progression or unacceptable toxicity.
Dosage Modifications for Adverse Reactions
No dose reductions are recommended. Withhold or discontinue IMFINZI to manage adverse
reactions as described in Table 1.
Table 1. Recommended Dosage Modifications for Adverse Reactions
Adverse Reaction
Dosage Modification
Severity1
Withhold dose until Grade 1 or
resolved and corticosteroid dose
Pneumonitis
Grade 2
is less than or equal to prednisone
[see Warnings and
10 mg per day (or equivalent).
Precautions (5.1)]
Grade 3 or 4
Permanently discontinue
For ALT or AST greater than 3 but
dose until Grade 1 or
less than or equal to 8 times the ULN Withhold
resolved and corticosteroid dose
or
is less than or equal to prednisone
Total bilirubin greater than 1.5 but
10 mg per day (or equivalent).
less than or equal to 5 times the ULN
Hepatitis
ALT or AST greater than 8 times
[see Warnings and
the ULN or total bilirubin greater
Precautions (5.2)]
than 5 times the ULN
or
Concurrent ALT or AST greater than Permanently discontinue
3 times the ULN and total bilirubin
greater than 2 times the ULN with
no other cause
Withhold dose until Grade 1 or
resolved and corticosteroid dose
Colitis or diarrhea
Grade 2
is less than or equal to prednisone
[see Warnings and
10 mg per day (or equivalent).
Precautions (5.3)]
Grade 3 or 4
Permanently discontinue
Hyperthyroidism
Withhold dose until
[see Warnings and Grade 2-4
clinically stable
Precautions (5.4)]
Adrenal insufficiency
or Hypophysitis/
Withhold dose until
Hypopituitarism
Grade 2-4
clinically stable
[see Warnings and
Precautions (5.4)]
Type 1 Diabetes
Mellitus
Withhold dose until
Grade 2-4
[see Warnings and
clinically stable
Precautions (5.4)]
Withhold dose until Grade 1 or
For Creatinine greater than
resolved and corticosteroid dose
Nephritis
1.5 to 3 times the ULN
is less than or equal to prednisone
[see Warnings and
10 mg per day (or equivalent).
Precautions (5.5)]
For Creatinine greater than
Permanently discontinue
3 times the ULN
Withhold dose until Grade 1 or
Grade 2 for longer than 1 week or
resolved and corticosteroid dose
Rash or dermatitis
Grade 3
is less than or equal to prednisone
[see Warnings and
10 mg per day (or equivalent).
Precautions (5.6)]
Grade 4
Permanently discontinue
Infection
Withhold dose until clinically
[see Warnings and Grade 3 or 4
stable
Precautions (5.8)]
Infusion-related
Interrupt or slow the rate of
Grade 1 or 2
reactions
infusion
[see Warnings and
Grade
3
or
4
Permanently discontinue
Precautions (5.9)]
Withhold dose until Grade 1 or
Other immuneresolved and corticosteroid dose
mediated adverse
Grade 3
is less than or equal to prednisone
reactions
10 mg per day (or equivalent).
[see Warnings and
Precautions (5.7)]
Grade 4
Permanently discontinue
Persistent Grade 2
Grade 2 or 3 adverse reaction that
or 3 adverse reaction does not recover to
(excluding
Grade 0 or 1 within 12 weeks after Permanently discontinue
endocrinopathies)
last IMFINZI dose
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Table 1. Recommended Dosage Modifications for Adverse Reactions (cont’d)
Adverse Reaction
Dosage Modification
Severity1
Inability to reduce to less than or
Inability to taper
equal to prednisone 10 mg per day
Permanently discontinue
corticosteroid
(or equivalent) within 12 weeks after
the last IMFINZI dose
Recurrent Grade 3 or Recurrent Grade 3 or 4 (severe or
Permanently discontinue
4 adverse reaction
life-threatening) adverse reaction
1

National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.03.
ALT: alanine aminotransferase; AST: aspartate aminotransferase; ULN: upper limit of normal.

Preparation and Administration
Preparation
• Visually inspect drug product for particulate matter and discoloration prior to administration,
whenever solution and container permit. Discard the vial if the solution is cloudy, discolored,
or visible particles are observed.
• Do not shake the vial.
• Withdraw the required volume from the vial(s) of IMFINZI and transfer into an intravenous bag
containing 0.9% Sodium Chloride Injection, USP or 5% Dextrose Injection, USP. Mix diluted
solution by gentle inversion. Do not shake the solution. The final concentration of the diluted
solution should be between 1 mg/mL and 15 mg/mL.
• Discard partially used or empty vials of IMFINZI.
Storage of Infusion Solution
• IMFINZI does not contain a preservative.
• Administer infusion solution immediately once prepared. If infusion solution is not
administered immediately and needs to be stored, the total time from vial puncture to the start
of the administration should not exceed:
° 24 hours in a refrigerator at 2°C to 8°C (36°F to 46°F)
° 4 hours at room temperature up to 25°C (77°F)
• Do not freeze.
• Do not shake.
Administration
• Administer infusion solution intravenously over 60 minutes through an intravenous line
containing a sterile, low-protein binding 0.2 or 0.22 micron in-line filter.
• Do not co-administer other drugs through the same infusion line.
CONTRAINDICATIONS
None.
WARNINGS AND PRECAUTIONS
Immune-Mediated Pneumonitis
IMFINZI can cause immune-mediated pneumonitis, defined as requiring use of corticosteroids.
Fatal cases have been reported.
Monitor patients for signs and symptoms of pneumonitis. Evaluate patients with suspected
pneumonitis with radiographic imaging. Administer corticosteroids, prednisone 1 to 2 mg per kg
per day or equivalent for moderate (Grade 2) pneumonitis or prednisone 1 to 4 mg per kg per day
or equivalent for more severe (Grade 3-4) pneumonitis, followed by taper. Interrupt or permanently
discontinue IMFINZI based on the severity [see Dosage and Administration (2.3) in the full
Prescribing Information].
In clinical studies enrolling 1889 patients with various cancers who received IMFINZI [see Adverse
Reactions (6.1) in the full Prescribing Information], pneumonitis occurred in 5% of patients,
including Grade 3 (0.8%), Grade 4 (< 0.1%) and Grade 5 (0.3%) immune-mediated pneumonitis.
The median time to onset was 1.8 months (range: 1 day to 13.9 months) and the median time to
resolution was 4.9 months (range: 0 days to 13.7 months).
Pneumonitis led to discontinuation of IMFINZI in 1.5% of the 1889 patients. Pneumonitis resolved
in 54% of patients. Systemic corticosteroids were required in 3.5% of the 1889 patients, with
2.5% requiring high-dose corticosteroids (prednisone ≥ 40 mg per day or equivalent) and 0.1%
requiring infliximab.
Immune-Mediated Hepatitis
IMFINZI can cause immune-mediated hepatitis, defined as requiring use of corticosteroids. Fatal
cases have been reported.
Monitor patients for signs and symptoms of hepatitis, during and after discontinuation of IMFINZI,
including clinical chemistry monitoring. Administer corticosteroids, prednisone 1 to 2 mg per kg
per day or equivalent, followed by taper for Grade 2 or higher elevations of ALT, AST, and/or total
bilirubin. Interrupt or permanently discontinue IMFINZI based on the severity [see Dosage and
Administration (2.3) in the full Prescribing Information].
In clinical studies enrolling 1889 patients with various cancers who received IMFINZI [see Adverse
Reactions (6.1) in the full Prescribing Information], hepatitis occurred in 12% of patients, including
Grade 3 (4.4%), Grade 4 (0.4%) and Grade 5 (0.2%) immune-mediated hepatitis. The median time
to onset was 1.2 months (range: 1 day to 13.6 months). Hepatitis led to discontinuation of IMFINZI
in 0.7% of the 1889 patients. Hepatitis resolved in 49% of patients. Systemic corticosteroids were
required in 2.7% of patients, with 1.7% requiring high-dose corticosteroids and 0.1% requiring
mycophenolate.
Immune-Mediated Colitis
IMFINZI can cause immune-mediated colitis, defined as requiring use of corticosteroids.
Monitor patients for signs and symptoms of diarrhea or colitis. Administer corticosteroids,
prednisone 1 to 2 mg per kg per day or equivalent, for moderate (Grade 2) or more severe
(Grade 3-4) colitis, followed by taper. Interrupt or permanently discontinue IMFINZI based on the
severity [see Dosage and Administration (2.3) in the full Prescribing Information].
In clinical studies enrolling 1889 patients with various cancers who received IMFINZI [see Adverse
Reactions (6.1) in the full Prescribing Information], diarrhea or colitis occurred in 18% of patients,
including Grade 3 (1%) and Grade 4 (0.1%) immune-mediated colitis. The median time to onset
was 1.4 months (range: 1 day to 14 months). Diarrhea or colitis lead to discontinuation of IMFINZI
in 0.4% of the 1889 patients. Diarrhea or colitis resolved in 78% of the patients. Systemic corticosteroids were required in 1.9% of patients, with 1% requiring high-dose corticosteroids and 0.1%
requiring other immunosuppressants (e.g., infliximab, mycophenolate).
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Immune-Mediated Endocrinopathies
IMFINZI can cause immune-mediated endocrinopathies, including thyroid disorders, adrenal
insufficiency, type 1 diabetes mellitus and hypophysitis/hypopituitarism.
Thyroid Disorders: Monitor thyroid function prior to and periodically during treatment with
IMFINZI. Initiate hormone replacement therapy or medical management of hyperthyroidism as
clinically indicated. Continue IMFINZI for hypothyroidism and interrupt for hyperthyroidism
based on the severity [see Dosage and Administration (2.3) in the full Prescribing Information].
In clinical studies enrolling 1889 patients who received IMFINZI [see Adverse Reactions (6.1) in
the full Prescribing Information], hypothyroidism occurred in 11% of patients and hyperthyroidism
occurred in 7% of patients. Thyroiditis occurred in 0.9% of patients, including Grade 3 (< 0.1%)
thyroiditis. Hypothyroidism was preceded by thyroiditis or hyperthyroidism in 25% of patients.
Adrenal Insufficiency: Monitor patients for clinical signs and symptoms of adrenal insufficiency. For
Grade 2 or higher adrenal insufficiency, initiate prednisone 1 to 2 mg per kg per day or equivalent,
followed by corticosteroid taper and hormone replacement as clinically indicated. Interrupt IMFINZI
based on the severity [see Dosage and Administration (2.3) in the full Prescribing Information].
In clinical studies enrolling 1889 patients who received IMFINZI, adrenal insufficiency occurred in
0.7% of patients, including Grade 3 (< 0.1%) adrenal insufficiency. Systemic corticosteroids were
required in 0.4% of patients, including 0.1% of patients who required high-dose corticosteroids.
Type 1 Diabetes Mellitus: Monitor patients for hyperglycemia or other signs and symptoms of
diabetes. Initiate treatment with insulin as clinically indicated. Interrupt IMFINZI based on the
severity [see Dosage and Administration (2.3) in the full Prescribing Information].
In clinical studies enrolling 1889 patients who received IMFINZI, type 1 diabetes mellitus occurred
in < 0.1 % of patients. The median time to onset was 1.4 months.
Hypophysitis: For Grade 2 or higher hypophysitis, initiate prednisone 1 to 2 mg per kg per day
or equivalent, followed by corticosteroid taper and hormone replacement therapy as clinically
indicated. Interrupt IMFINZI based on the severity [see Dosage and Administration (2.3) in the full
Prescribing Information].
Hypopituitarism leading to adrenal insufficiency and diabetes insipidus occurred in < 0.1% of
1889 patients who received IMFINZI in clinical studies.
Immune-Mediated Nephritis
IMFINZI can cause immune-mediated nephritis defined as evidence of renal dysfunction, requirement for corticosteroids. Fatal cases have occurred.
Monitor patients for abnormal renal function tests prior to and periodically during treatment with
IMFINZI. Initiate prednisone 1 to 2 mg per kg per day or equivalent, for moderate (Grade 2) or
severe (Grade 3-4) nephritis, followed by taper. Interrupt or permanently discontinue IMFINZI
based on the severity [see Dosage and Administration (2.3) in the full Prescribing Information].
In clinical studies enrolling 1889 patients with various cancers who received IMFINZI [see Adverse
Reactions (6.1) in the full Prescribing Information], nephritis (reported as any of the following
increased creatinine or urea, acute kidney injury, renal failure, decreased glomerular filtration rate,
tubulointerstitial nephritis, decreased creatinine clearance, glomerulonephritis, and nephritis) occurred
in 6.3% of patients including Grade 3 (1.1%), Grade 4 (0.2%) and Grade 5 (0.1%) immune-mediated
nephritis. The median time to onset was 2 months (range: 1 day to 14.2 months). IMFINZI was
discontinued in 0.3% of the 1889 patients. Nephritis resolved in 50% of patients. Systemic corticosteroids were required in 0.6% of patients, with 0.4% receiving high-dose corticosteroids.
Immune-Mediated Dermatologic Reactions
IMFINZI can cause immune-mediated rash; bullous dermatitis, Stevens Johnson Syndrome (SJS)/
toxic epidermal necrolysis (TEN) have occurred with other products in this class [see Warnings
and Precautions (5.7)].
Monitor for signs and symptoms of rash. Initiate prednisone 1 to 2 mg per kg per day or equivalent,
for moderate (Grade 2) rash or dermatitis lasting for more than 1 week or severe (Grade 3-4) rash
or dermatitis followed by taper. Interrupt or permanently discontinue IMFINZI based on the severity
[see Dosage and Administration (2.3) in the full Prescribing Information].
In clinical studies enrolling 1889 patients with various cancers who received IMFINZI [see Adverse
Reactions (6.1) in the full Prescribing Information], 26% of patients developed rash or dermatitis
and 0.4% of the patients developed vitiligo. Rash or dermatitis led to discontinuation of IMFINZI
in 0.1% of the 1889 patients. Rash resolved in 62% of patients. Systemic corticosteroids were
required in 2.0% of patients, including high-dose corticosteroids in 1% of patients.
Other Immune-Mediated Adverse Reactions
IMFINZI can cause severe and fatal immune-mediated adverse reactions. These immune-mediated
reactions may involve any organ system. While immune-mediated reactions usually manifest
during treatment with IMFINZI, immune-mediated adverse reactions can also manifest after
discontinuation of IMFINZI.
For suspected Grade 2 immune-mediated adverse reactions, exclude other causes and initiate
corticosteroids as clinically indicated. For severe (Grade 3 or 4) adverse reactions, administer
corticosteroids, prednisone 1 to 4 mg per kg per day or equivalent, followed by taper. Interrupt
or permanently discontinue IMFINZI, based on the severity of the reaction [see Dosage and
Administration (2.3) in the full Prescribing Information]. If uveitis occurs in combination with other
immune-mediated adverse reactions, evaluate for Vogt-Koyanagi-Harada syndrome, which has
been observed with other products in this class and may require treatment with systemic steroids
to reduce the risk of permanent vision loss.
The following clinically significant, immune-mediated adverse reactions occurred at an incidence
of less than 1% each in 1889 patients who received IMFINZI: aseptic meningitis, hemolytic anemia,
immune thrombocytopenic purpura, myocarditis, myositis, and ocular inflammatory toxicity,
including uveitis and keratitis [see Adverse Reactions (6.1) in the full Prescribing Information].
The following clinically significant, immune-mediated adverse reactions have been reported with
other products in this class: bullous dermatitis, Stevens Johnson Syndrome (SJS)/toxic epidermal
necrolysis (TEN), pancreatitis, systemic inflammatory response syndrome, rhabdomyolysis,
myasthenia gravis, histiocytic necrotizing lymphadenitis, demyelination, vasculitis, hemolytic anemia,
iritis, encephalitis, facial and abducens nerve paresis, demyelination, polymyalgia rheumatica,
autoimmune neuropathy, Guillain-Barré syndrome and Vogt-Koyanagi-Harada syndrome.
Infection
IMFINZI can cause serious infections, including fatal cases.
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Monitor patients for signs and symptoms of infection. For Grade 3 or higher infections, withhold
IMFINZI and resume once clinically stable [see Dosage and Administration (2.3) in the full
Prescribing Information].
In clinical studies enrolling 1889 patients with various cancers who received IMFINZI [see Adverse
Reactions (6.1) in the full Prescribing Information], infections occurred in 43% of patients, including
Grade 3 (8%), Grade 4 (1.9%), and Grade 5 (1.0%). In the urothelial carcinoma cohort in
Study 1108 the most common Grade 3 or higher infection was urinary tract infections, which
occurred in 4% of patients.
Infusion-Related Reactions
IMFINZI can cause severe or life-threatening infusion-related reactions.
Monitor for signs and symptoms of infusion-related reactions. Interrupt, slow the rate of, or
permanently discontinue IMFINZI based on the severity [see Dosage and Administration (2.3)
in the full Prescribing Information]. For Grade 1 or 2 infusion-related reactions, consider using
pre-medications with subsequent doses.
In clinical studies enrolling 1889 patients with various cancers [see Adverse Reactions (6.1) in the
full Prescribing Information], infusion-related reactions occurred in 2.2% of patients, including
Grade 3 (0.3%).
Embryo-Fetal Toxicity
Based on its mechanism of action and data from animal studies, IMFINZI can cause fetal harm
when administered to a pregnant woman. In animal reproduction studies, administration of
durvalumab to cynomolgus monkeys from the onset of organogenesis through delivery resulted in
increased premature delivery, fetal loss and premature neonatal death. Advise pregnant women of
the potential risk to a fetus. Advise females of reproductive potential to use effective contraception
during treatment with IMFINZI and for at least 3 months after the last dose of IMFINZI [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.
• Immune-Mediated Pneumonitis [see Warnings and Precautions (5.1) in the full Prescribing
Information].
• Immune-Mediated Hepatitis [see Warnings and Precautions (5.2) in the full Prescribing Information].
• Immune-Mediated Colitis [see Warnings and Precautions (5.3) in the full Prescribing Information].
• Immune-Mediated Endocrinopathies [see Warnings and Precautions (5.4) in the full Prescribing
Information].
• Immune-Mediated Nephritis [see Warnings and Precautions (5.5) in the full Prescribing
Information].
• Immune-Mediated Dermatologic Reactions [see Warnings and Precautions (5.6) in the full
Prescribing Information].
• Other Immune-Mediated Adverse Reactions [see Warnings and Precautions (5.7) in the full
Prescribing Information].
• Infection [see Warnings and Precautions (5.8) in the full Prescribing Information].
• Infusion-Related Reactions [see Warnings and Precautions (5.9) 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 described in the Warnings and Precautions section reflect exposure to IMFINZI in
1889 patients from the PACIFIC study (a randomized, placebo-controlled study that enrolled
475 patients with Stage III NSCLC), Study 1108 (an open-label, single-arm, multicohort study that
enrolled 191 patients with urothelial carcinoma and 779 patients with various other solid tumors),
and an additional open-label, single-arm trial that enrolled 444 patients with metastatic lung cancer,
an indication for which durvalumab is not approved. Across all studies, IMFINZI was administered
at a dose of 10 mg/kg intravenously every 2 weeks. Among the 1889 patients, 38% were exposed
for 6 months or more and 18% were exposed for 12 months or more.
The data described in this section reflect exposure to IMFINZI in patients with locally advanced
or metastatic urothelial carcinoma enrolled in Study 1108 and in patients with Stage III NSCLC
enrolled in the PACIFIC study.
Urothelial Carcinoma
The safety data described in Table 2 reflect exposure to IMFINZI in 182 patients with locally
advanced or metastatic urothelial carcinoma in the urothelial carcinoma cohort of Study 1108
whose disease has progressed during or after one standard platinum-based regimen. Patients
received IMFINZI 10 mg/kg intravenously every 2 weeks [see Clinical Studies (14.1) in the
full Prescribing Information]. The median duration of exposure was 2.3 months (range: 1 day to
12.1 months).
Thirty-one percent (31%) of patients had a drug delay or interruption for an adverse reaction. The
most common (> 2%) were liver injury (4.9%), urinary tract infection (3.3%), acute kidney injury
(3.3%), and musculoskeletal pain (2.7%).
The most common adverse reactions (≥ 15%) were fatigue (39%), musculoskeletal pain (24%),
constipation (21%), decreased appetite (19%), nausea (16%), peripheral edema (15%) and
urinary tract infection (15%). The most common Grade 3 or 4 adverse reactions (≥ 3%) were
fatigue, urinary tract infection, musculoskeletal pain, abdominal pain, dehydration, and general
physical health deterioration.
Eight patients (4.4%) who were treated with IMFINZI experienced Grade 5 adverse reactions of
cardiorespiratory arrest, general physical health deterioration, sepsis, ileus, pneumonitis, or
immune-mediated hepatitis. Three additional patients were experiencing infection and disease
progression at the time of death. IMFINZI was discontinued for adverse reactions in 3.3% of
patients. Serious adverse reactions occurred in 46% of patients. The most frequent serious
adverse reactions (> 2%) were acute kidney injury (4.9%), urinary tract infection (4.4%),
musculoskeletal pain (4.4%), liver injury (3.3%), general physical health deterioration (3.3%),
sepsis, abdominal pain and pyrexia/tumor associated fever (2.7% each).
Table 2 summarizes the adverse reactions that occurred in ≥ 10% of patients, while Table 3
summarizes the Grade 3 - 4 laboratory abnormalities that occurred in ≥ 1% of patients treated with
IMFINZI in the urothelial carcinoma cohort of Study 1108.
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Table 2. Adverse Reactions in ≥ 10% of Patients in Study 1108 Urothelial Carcinoma Cohort
IMFINZI
N=182
Adverse Reaction
All Grades
Grades 3 - 4
(%)
(%)
Gastrointestinal Disorders
Constipation
21
1
Nausea
16
2
Abdominal pain1
14
3
Diarrhea/Colitis
13
1
General Disorders and Administration
Fatigue2
39
6
Peripheral edema3
15
2
Pyrexia/Tumor associated fever
14
1
Infections
Urinary tract infection4
15
4
Metabolism and Nutrition Disorders
Decreased appetite/Hypophagia
19
1
Musculoskeletal and Connective Tissue Disorders
24
4
Musculoskeletal pain5
Respiratory, Thoracic, and Mediastinal Disorders
Dyspnea/Exertional Dyspnea
13
2
Cough/Productive Cough
10
0
Skin and Subcutaneous Tissue Disorders
Rash6
11
1
1
2
3
4
5
6

Includes abdominal pain upper, abdominal pain lower and flank pain
Includes asthenia, lethargy, and malaise
Includes edema, localized edema, edema peripheral, lymphedema, peripheral swelling, scrotal edema, and
scrotal swelling
Includes cystitis, candiduria and urosepsis
Includes back pain, musculoskeletal chest pain, musculoskeletal pain and discomfort, myalgia, and neck pain
Includes dermatitis, dermatitis acneiform, dermatitis psoriasiform, psoriasis, rash maculo-papular, rash
pruritic, rash papular, rash pustular, skin toxicity, eczema, erythema, erythema multiforme, rash erythematous,
acne, and lichen planus

Table 3. Grade 3-4 Laboratory Abnormalities Worsened from Baseline Occurring in ≥ 1%
Patients in Study 1108 Urothelial Carcinoma Cohort
Grade 3 - 4
Laboratory Abnormality
%
Hyponatremia
12
Lymphopenia
11
Anemia
8
Increased alkaline phosphatase
4
Hypermagnesemia
4
Hypercalcemia
3
Hyperglycemia
3
Increased AST
2
Increased ALT
1
Hyperbilirubinemia
1
Increased creatinine
1
Neutropenia
1
Hyperkalemia
1
Hypokalemia
1
Hypoalbuminemia
1
USE IN SPECIFIC POPULATIONS
Pregnancy
Risk summary
Based on its mechanism of action and data from animal studies, IMFINZI can cause fetal harm
when administered to a pregnant woman [see Clinical Pharmacology (12.1) in the full Prescribing
Information]. There are no data on the use of IMFINZI in pregnant women.
In animal reproduction studies, administration of durvalumab to pregnant cynomolgus monkeys
from the confirmation of pregnancy through delivery resulted in an increase in premature delivery,
fetal loss and premature neonatal death (see Data). Human immunoglobulin G1 (IgG1) is known
to cross the placental barrier; therefore, durvalumab has the potential to be transmitted from the
mother to the developing fetus. Apprise pregnant women of the potential risk to a fetus.
In the U.S. general population, the estimated background risk of major birth defects and miscarriage
in clinically recognized pregnancies is 2-4% and 15-20%, respectively.
Data
Animal Data
As reported in the literature, the PD-1/PD-L1 pathway plays a central role in preserving pregnancy
by maintaining maternal immune tolerance to the fetus. In mouse allogeneic pregnancy models,
disruption of PD-L1 signaling was shown to result in an increase in fetal loss. The effects of
durvalumab on prenatal and postnatal development were evaluated in reproduction studies in
cynomolgus monkeys. Durvalumab was administered from the confirmation of pregnancy through
delivery at exposure levels approximately 6 to 20 times higher than those observed at the
recommended clinical dose of 10 mg/kg (based on AUC). Administration of durvalumab resulted in
premature delivery, fetal loss (abortion and stillbirth) and increase in neonatal deaths. Durvalumab
was detected in infant serum on postpartum Day 1, indicating the presence of placental transfer
of durvalumab. Based on its mechanism of action, fetal exposure to durvalumab may increase
the risk of developing immune-mediated disorders or altering the normal immune response and
immune-mediated disorders have been reported in PD-1 knockout mice.
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Lactation
Risk Summary
There is no information regarding the presence of durvalumab in human milk, the effects on
the breastfed infant, or the effects on milk production. Human IgG1 is excreted in human milk.
Durvalumab was present in the milk of lactating cynomolgus monkeys and was associated with
premature neonatal death (see Data).
Because of the potential for adverse reactions in breastfed infants, advise women not to breastfeed
during treatment with IMFINZI and for at least 3 months after the last dose.
Data
In lactating cynomolgus monkeys, durvalumab was present in breast milk at about 0.15% of
maternal serum concentrations after administration of durvalumab from the confirmation of
pregnancy through delivery at exposure levels approximately 6 to 20 times higher than those
observed at the recommended clinical dose of 10 mg/kg (based on AUC). Administration of
durvalumab resulted in premature neonatal death.
Females and Males of Reproductive Potential
Contraception
Females
Based on its mechanism of action and data from animal studies, IMFINZI 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 IMFINZI and for at least 3 months following the last dose of IMFINZI.
Pediatric Use
The safety and effectiveness of IMFINZI have not been established in pediatric patients.
Geriatric Use
Of the 182 patients treated with IMFINZI in patients with urothelial carcinoma, 112 patients were
65 years or older and 34 patients were 75 years or older. The overall response rate in patients
65 years or older was 15% (17/112) and was 12% (4/34) in patients 75 years or older. Grade 3 or
4 adverse reactions occurred in 38% (42/112) of patients 65 years or older and 35% (12/34) of
patients 75 years or older.
OVERDOSAGE
There is no information on overdose with IMFINZI.
PATIENT COUNSELING INFORMATION
Advise the patient to read the FDA-approved patient labeling (Medication Guide).
Inform patients of the risk of immune-mediated adverse reactions that may require corticosteroid
treatment and interruption or discontinuation of IMFINZI, 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 (5.1)
in the full Prescribing Information].
• 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 (5.2) in the full Prescribing Information].
• Colitis: Advise patients to contact their healthcare provider immediately for diarrhea, blood
or mucus in stools, or severe abdominal pain [see Warnings and Precautions (5.3) in the full
Prescribing Information].
• Endocrinopathies: Advise patients to contact their healthcare provider immediately for signs or
symptoms of hypothyroidism, hyperthyroidism, adrenal insufficiency, type 1 diabetes mellitus,
or hypophysitis [see Warnings and Precautions (5.4) in the full Prescribing Information].
• Nephritis: Advise patients to contact their healthcare provider immediately for signs or
symptoms of nephritis [see Warnings and Precautions (5.5) in the full Prescribing Information].
• Dermatological Reactions: Advise patients to contact their healthcare provider immediately
signs or symptoms of severe dermatological reactions [see Warnings and Precautions (5.6)
in the full Prescribing Information].
• Other Immune-Mediated Adverse Reactions: Advise patients to contact their healthcare
provider immediately for signs or symptoms of aseptic meningitis, thrombocytopenic purpura,
myocarditis, hemolytic anemia, myositis, uveitis and keratitis [see Warnings and Precautions
(5.7) in the full Prescribing Information].
• Infection: Advise patients to contact their healthcare provider immediately for infection
[see Warnings and Precautions (5.8) in the full Prescribing Information].
• Infusion-Related Reactions: Advise patients to contact their healthcare provider immediately for signs or symptoms of infusion-related reactions [see Warnings and Precautions (5.9)
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Rapid Growth of Targeted Therapies in AML
Spurs Need for More Learning
By CHRISTINA T. LOGUIDICE

PRIOR TO 2017, the treatment of acute
myeloid leukemia (AML) had been stagnant
for several decades, with many patients experiencing poor outcomes if they were unfit to
undergo intensive therapy.1 The advent of
next-generation sequencing, however, led to
the identification of several cytogenetic and
molecular markers that both aided prognostication and prompted the development and
approval of 8 novel agents over the past
3 years. These include targeted therapies for
specific AML subpopulations (TIMELINE2).1-3
Collectively, these agents have improved
outcomes for patients with AML.
During a recent OncLive Peer Exchange®
program, a panel of leukemia experts
provided an overview of
these agents and shared
their perspectives on how
clinicians can incorporate them into their clinical
practice. “We have growing
opportunities to individualize treatment options,”
HARRY P.
ERBA, MD, PHD
emphasized moderator
Harry P. Erba, MD, PhD.
Although the rapid pace of approvals in
AML means better outcomes for patients, it
also means clinicians are tasked with ensuring that the information is streamlined to
their teams. “Given the pace of these new
agents and the rapid approval over the past 2
years, I think it’s essential that information
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Daniel Pollyea, MD, MS
be communicated to all
of the individuals that
are involved in making
the diagnosis of AML,”
Eunice Wang, MD, said.
“Specifically, [this includes]
the hematopathologist, the
flow cytometrists, [and] the
EUNICE WANG, MD
cytogeneticists, because I
think in the past there was no urgency.”
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quizartinib gained approval in Japan as a
treatment for adult patients with R/R FTL3ITD–positive AML.5

FLT3 INHIBITORS
Approximately 20% to 30% of patients with
newly diagnosed AML have FLT3 mutations.1
Many patients with AML (~25% of all cases)
have the FLT3–internal tandem duplication (FLT3-ITD) subtype, which is associated
with a high relapse rate and poor outcomes
in the setting of a high mutant to wild-type
FLT3 allelic ratio.1,4 Less commonly (≤10% of
AML cases), patients have the FLT3–tyrosine
kinase domain (FLT3-TKD) subtype, the prognostic impact of which is still unclear.1,4
Currently, 2 FLT3 inhibitors are FDA
approved for patients with AML: midostaurin (Rydapt) and gilteritinib (Xospata).
Another agent, quizartinib, received a
breakthrough therapy designation and priority review as a treatment for patients with
relapsed/refractory (R/R) AML and an FLT3ITD mutation, but it was ultimately rejected
by the FDA over concerns that its benefit may not outweigh its risks; however,

MIDOSTAURIN
Midostaurin is a first-generation multitargeted tyrosine kinase inhibitor (TKI).4 It was
approved by the FDA based on data from
the phase III CALGB 10603 (RATIFY) trial
(NCT00651261), which randomly assigned
adult patients aged <60 years with newly
diagnosed AML and FLT3-ITD or FLT3TKD mutations (N = 717) to standard 7 + 3
chemotherapy (cytarabine on days 1-7 and
daunorubicin on days 1-3) with midostaurin (n = 360) or standard 7 + 3 chemotherapy
with placebo (n = 357).6
“At 4 years, 51% of patients were still alive
with midostaurin compared with 44% who
received standard 7 + 3 [plus placebo],” Erba
said. He also noted that patients who went on
to transplant following first remission after
midostaurin had better overall survival (OS)
than patients who went on to transplant after
just 7 + 3 with placebo. No significant
Vol. 20 | No. 22 | NOVEMBER 2019
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difference in OS was observed between the 3
FLT3 subtypes (ie, high allelic ratio ITD, low
allelic ratio ITD, TKD).5
Based on the data, midostaurin plus 7 +
3 has become the standard of care in newly
diagnosed AML. The National Comprehensive
Cancer Network (NCCN) guidelines now
recommend that FLT3 mutation status be
determined quickly following an AML diagnosis so that midostaurin can be added on
day 8 to up-front intensive chemotherapy.7

GILTERITINIB
Gilteritinib, a second-generation FTL3 inhibitor, is active against AML with FLT3-ITD and
FLT3-TKD mutations.1,4 “[It is] active against
both of these mutations by virtue that it is a
type 1 inhibitor,” Alexander E. Perl, MD,
MS, said. Type 1 inhibitors bind to the active
conformation of their protein kinase targets.8
Gilteritinib was approved in the R/R
setting by the FDA based on an interim analysis of data from the phase III ADMIRAL
trial, which randomly assigned 371 previously treated patients 2:1 to single-agent
gilteritinib (n = 247) or 1 of 4 prerandomization-selected salvage chemotherapy regimens
(n = 124), 2 of which were intensive and 2, low
intensity.2,9 “[All patients had] an FLT3 mutation because the prior studies in the phase
I/II setting showed very limited activity in
patients who didn’t have the target mutation,”
Perl explained.

“The [ADMIRAL] study
showed a higher response
rate in the gilteritinib arm
[and] a better survival, with
a median overall survival of
9.3 months [compared with]
a median overall survival
of 5.6 months in the chemoALEXANDER E.
PERL, MD, MS
therapy arm,” Perl said.9
Furthermore, he explained, there was a higher
rate of transplantation in the gilteritinib arm,
and the patients who underwent transplantation and then resumed gilteritinib after
engraftment had some of the study’s best
OS results. Based on these data, gilteritinib
became the first FLT3 inhibitor approved as
single-agent therapy in adults with relapsed or
refractory AML with an FLT3 mutation, and it
has an NCCN category 1 recommendation for
this indication.2,7
Although OS is improved with gilteritinib
compared with salvage chemotherapy, Perl
noted that many patients who respond eventually progress. “The overall survival for the
study population as a whole, if you follow them
for several years, really does drop down quite
low, so the best way to develop these drugs, I
think, is by moving to the front line, and those
studies are ongoing,” Perl said. He mentioned
the phase II/III trial (NCT02752035), which is
examining tgilteritinib alone, gilteritinib plus
azacitidine, or azacitidine alone in newly diagnosed FLT3-positive AML.10

TIMELINE. T WO YEARS OF RAPID DEVELOPMENT IN AML
T H E R A P I E S : F D A A P P R O VA L S 2

AUGUST
APRIL
Midostaurin (Rydapt)
In combination with
standard cytarabine and
daunorubicin induction
and cytarabine consolidation in adults with newly
diagnosed AML with an
FLT3 mutation

Enasidenib (Idhifa)
For adults with R/R AML
with an IDH2 mutation
CPX-351 (Vyxeos)
A liposomal combination
of daunorubicin and
cytarabine for adults with
newly diagnosed therapyor MRC-related AML

2017

JULY
Ivosidenib (Tibsovo)
For adults with R/R
AML with a susceptible
IDH1 mutation

2018

AML indicates acute myeloid leukemia; LDAC, low-dose cytarabine; MRC, myelodysplasia-related changes; R/R, relapsed/refractory.
a
In 2019, the FDA approved the addition of overall survival data for adults with R/R AML to the labeling for gilteritinib.
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Isocitrate dehydrogenases are enzymes that
are essential for cellular metabolism.11 In
AML, mutations have been identified in 2
genes that encode isocitrate dehydrogenases:
IDH1 and IDH2. These mutations cause amino
acid changes in conserved residues, leading to
neomorphic enzymatic function and production of the oncometabolite 2-hydroxyglutarate,
causing DNA hypermethylation, aberrant
gene expression, cell proliferation, and abnormal differentiation.11 “IDH is a really exciting
new target. Somewhat unexpectedly and fairly
recently, we became aware that IDH was a
recurrent mutation in upward of 15% of our
patients,” Daniel Pollyea, MD, MS, said.
The FDA has approved 2 IDH-based therapies: ivosidenib (Tibsovo) for patients with
IDH1 mutations and enasidenib (Idhifa) for
patients with IDH2 mutations.2 “Both are
approved in the relapsed/refractory setting
as a single agent,” Pollyea said. “Ivosidenib is
also approved…as a single agent [for a patient
with a new diagnosis].” He noted that both
agents can be very effective: “About 30% of
patients experience remissions. Other patients
who fall short of that have improvement with
respect to transfusion requirements—fewer or
independence from transfusions.”

IVOSIDENIB
Based on data from the single-arm, multicenter AG120-C-001 study (NCT02074839),

NOVEMBER

SEPTEMBER
Gemtuzumab
ozogamicin (Mylotarg)
For adults with newly
diagnosed CD33-positive
AML in combination with
daunorubicin and cytarabine or as a single agent
and for adults and children (≥2 years) with R/R
AML as a single agent

IDH INHIBITORS

Glasdegib (Daurismo)
In combination with LDAC
for patients with newly diagnosed AML who are ≥75
years or have comorbidities that preclude intensive
induction chemotherapy
Venetoclax (Venclexta)
In combination with azacitidine, decitabine, or LDAC
for patients with newly diagnosed AML who are ≥75
years or have comorbidities that preclude intensive
induction chemotherapy
Gilteritinib (Xospata)a
Adult patients with R/R
AML with an FLT3 mutation

MAY
Ivosidenib
Newly diagnosed AML
with IDH1 mutation in
patients aged ≥75 years
with comorbidities that
preclude intensive induction chemotherapy

2019

ivosidenib was approved
for patients with newly
diagnosed AML with IDH1
mutations .12 The study
included 28 patients aged
≥75 years who had comorbidities precluding the
DANIEL POLLYEA,
use of intensive induction
MD, MS
chemotherapy (ie, severe
cardiac or pulmonary disease, significant
hepatic impairment, ECOG status of ≥2).
Patients were treated with ivosidenib
500 mg orally daily until disease progression, development of unacceptable toxicity,
or hematopoietic stem cell transplantation.
Two of the 28 patients (7.1%) underwent stem
cell transplantation after receiving ivosidenib. Twelve of the 28 patients (42.9%)
achieved a complete remission (CR) or CR
with partial hematologic recovery (CRh), and
7 of the 17 transfusion-dependent patients
(41.2%) achieved transfusion independence
lasting ≥8 weeks.12
Ivosidenib was previously approved in the
R/R setting based on data from the R/R arm
of the AG120-C-001 study, which included
174 adults with IDH1 mutations who received
ivosidenib 500 mg orally daily until disease
progression, unacceptable toxicity, or hematopoietic stem cell transplantation.13 Of these
patients, 21 (12%) received stem cell transplantation after ivosidenib treatment. The CR
+ CRh rate was 32.8% (95% CI, 25.8%-40.3%).13

ENASIDENIB
Enasidenib was approved in the R/R setting
for patients with IDH2 mutations based on
data from the open-label, single-arm, multicenter AG221-C-001 study (NCT01915498).14
The study treated 199 patients with IDH2
mutations with enasidenib 100 mg orally
daily. After a median follow-up of 6.6
months, 23% of patients had a CR or CRh
lasting a median of 8.2 months. Of these,
19% had a CR lasting a median of 8.2 months
and 4% had a CRh lasting a median 9.6
months. At the initiation of the trial, 157
patients required transfusions. During at
least one 56-day time period on enasidenib,
53 patients (34%) no longer required transfusions. Additionally, 32 of the 42 patients
(76%) who did not require transfusions at
the start of the trial had maintained
transfusion independence.14

DIFFERENTIATION SYNDROME
A concern with ivosidenib and enasidenib is
the risk of differentiation syndrome, a rapid
differentiation of myeloid cells that can lead
to a potentially fatal systemic inflammatory
response. “About 10% of the time we see this,”
Pollyea said. He noted that, unlike with acute
promyelocytic leukemia, it may not present
immediately but be delayed; however, with
proper recognition and implementation of
supportive care measures, patients can go on
to have very good outcomes.
Jorge E. Cortes, MD, emphasized that not
all differentiation syndromes present with an
increase in white cell and blast counts. This
point is important to remember for 2 reasons,
he said: so that differentiation syndrome is
properly managed to ensure the safety of
the patient and so that it is not mistaken for
progression. “[We need to] recognize differentiation syndrome because the patient may
still benefit from therapy. Once you manage
[differentiation syndrome], you can go back
to the therapy and that patient may still
respond. We need to be careful not to take
them off prematurely,” he said.

GEMTUZUMAB OZOGAMICIN
Gemtuzumab ozogamicin (Mylotarg; GO)
was withdrawn from the US market in
2010 because increased early deaths were
observed in patients with newly diagnosed
AML who received GO in combination with
intensive chemotherapy.15 In 2017, the FDA
reapproved GO for newly diagnosed and
R/R CD33-positive AML based on new efficacy and safety data observed in several
trials of GO administered on a fractionateddosing schedule.15,16
“The trial that I focus on the most is the
ALFA-0701 study,” Erba said. ALFA-0701
(NCT00927498) is a multicenter, randomized, open-label phase III study that included
271 patients aged 50 to 70 years with newly
diagnosed, de novo AML.16 Patients were
randomly assigned 1:1 to receive standard
3 + 7 with GO (n = 135) or without GO
(n = 136) on days 1, 4, and 7.
“In the 2 arms there was no difference in
response rate, but the event-free survival
[EFS] was significantly better with gemtuzumab,” Erba said. Using estimated median
EFS was 17.3 months for patients receiving GO compared with 9.5 months for those

receiving chemotherapy alone (HR, 0.56; 95%
CI, 0.42-0.76).16 Erba said that at 5 years, the
trend in OS benefit was still observed but
mostly seen in the intermediate-risk group.

EVOLVING TREATMENT LANDSCAPE
The panelists also examined several drug
types under investigation. Cortes provided
insights into a new class of agents that target
CXCR4, which has been found to be overexpressed in >20 human cancers, including
AML, and is associated with tumor growth,
invasion, angiogenesis, metastasis, relapse,
and therapeutic resistance.17
A promising agent targeting CXCR4 being
examined in clinical trials is CX-01, a low anticoagulant heparin derivative. A 3-arm study
is comparing 7 + 3 chemotherapy alone, 7 +
3 with a lower dose of CX-01 (0.125 mg/kg/
hr), and 7 + 3 with a higher dose of CX-01
(0.25 mg/kg/hr).18 The composite CR rate (CR
+ CRh) was highest in those who received the
higher dose of CX-01; 89% of those patients
achieved a composite CR compared with 58%
of those receiving just 7 + 3 and 50% of those
given the lower dose of CX-01.18 “It’s a small
study, preliminary but attractive,” Cortes said.
Participants were fit patients aged >59 years
with newly diagnosed AML.
The panelists thought
several immunotherapies
also show promise, including bispecific monoclonal
antibodies, checkpoint
inhibitors, and chimeric
antigen receptor T-cell therJORGE E.
apy. Cortes said a challenge
CORTES, MD
with bispecific monoclonal
antibodies in AML has involved the difficulty
of finding safe and effective agents, but several
now in development target CD33, CD123, and
some novel targets, such as 12A. One such
agent, XmAb14045, which targets CD3 and
CD123, is being investigated in patients with
R/R AML (NCT02730312).19
Cortes said that these agents are still early
in development but are on their way. “Things
are going to look good, and we’re going to
have to integrate all of these different
approached to improve the outcome of our
patients,” he said optimistically. n
For a full list of references,
see the article at
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