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LETTER TO THE READERS

Improving Cancer Survivorship
Care Is a Team Sport
Julie M. Vose, MD, MBA
Chief, Hematology/Oncology
Buffett Cancer Center
University of Nebraska Medical Center

W

ith continuing improvement in early detection, screening, and treatments for different
types of malignancies, the number of cancer
survivors is increasing steadily. This as well as the aging
of the population is expected to increase the number of
cancer cases and survivors needing care. The latest data
from GLOBOCAN 2020 reported 19.3 million new
cancer cases and 10 million deaths in 185 countries in
2020.1 There will be an estimated 26 million survivors
in 2040, with the majority of them being older than
60 years.2 The seminal Institute of Medicine Report
on Cancer Survivorship identified important components of cancer survivorship: 1) prevention of recurrent and new cancers and late effects from treatments;
2) surveillance for recurrence and new cancers, and for
medical and psychosocial effects; 3) management of
consequences of treatments, including symptom management and assistance with practical aspect; and 4)
coordination between cancer and primary-care providers to ensure that all needs of the survivors of cancer
are met.2 Using a holistic approach, the definition of
cancer survivorship starts at the time of diagnosis and
lasts throughout the life span.3
In addition to evaluation for relapse of the original malignancy, survivorship has many other aspects
including observation for secondary malignancies,
cardiovascular disease, hormonal and endocrine abnormalities, and psychosocial effects. A model that
has become popular is focused on risk stratification
of survivors. Survivors are assigned to low-risk,
intermediate-risk, or high-risk categories with
individualized plans.4 In this model, a patient with
early-stage lung cancer or breast cancer would be
low-risk whereas a patient who underwent an allogeneic stem cell transplant would be a high-risk
survivor with differing needs. In addition, goals of
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cancer survivors may differ by age with the goal of
prolonging life vs physical functioning and preservation of independence.5 The survivorship care plans
that we are now urged to complete enhance communications between oncologists and primary care
physicians for the long-term issues facing our patients.
Improvements for the future include clear identification of individual tasks assigned to the various health
care providers for an individual survivor, increased
communications between the oncology team and the
primary care team, and a written plan of surveillance
and health care maintenance testing shared with the
primary care team. A shared electronic medical record
between the teams can facilitate these goals as well
as automated prompting of the providers for routine
testing or health care maintenance needs. Oncologists’
goals are to return the patient to a lifestyle as close to
normal as possible after their successful treatment for
malignancy and to prevent long-term effects of their
cancer treatment. The entire health care team shares
these goals to provide cancer survivors with a smooth
transition to a normal quality of life. 
REFERENCES
1. Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020:
GLOBOCAN estimates of incidence and mortality worldwide for 36
cancers in 185 countries. CA Cancer J Clin. 2021;71(3):209-249.
doi:10.3322/caac.21660
2. Bluethmann SM, Mariotto AB, Rowland JH. Anticipating the “silver
tsunami”: prevalence trajectories and comorbidity burden among older
cancer survivors in the United States. Cancer Epidemiol Biomarkers Prev.
2016;25(7):1029-1036. doi:10.1158/1055-9965.EPI-16-0133
3. Institute of Medicine and National Research Council of the National
Academies. From Cancer Patient to Cancer Survivor: Lost in Transition.
National Academies Press; 2005.
4. Nekhlyudov L, O’malley DM, Hudson SV. Integrating primary care
providers in the care of cancers survivors: gaps in evidence and future
opportunities. Lancet Oncol. 2017;18(1):e30-e38. doi:10.1016/S14702045(16)30570-8
5. Shapiro CL. Cancer survivorship. N Engl J Med. 2018;379(25):24382450. doi:10.1056/NEJMra1712502
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ONCASPAR® (pegaspargase) injection, for intramuscular or intravenous use
Brief Summary of Prescribing Information
Please see Full Prescribing Information at www.oncaspar.com for complete
information on ONCASPAR.
INDICATIONS AND USAGE
First-Line Acute Lymphoblastic Leukemia (ALL) - ONCASPAR® is indicated as a
component of a multi-agent chemotherapeutic regimen for the first-line treatment of
pediatric and adult patients with ALL.
Acute Lymphoblastic Leukemia and Hypersensitivity to Asparaginase ONCASPAR is indicated as a component of a multi-agent chemotherapeutic regimen
for the treatment of pediatric and adult patients with ALL and hypersensitivity to native
forms of L-asparaginase.
DOSAGE AND ADMINISTRATION
Recommended Dosage - Patients 21 years of age or Younger - The recommended
dose of ONCASPAR for patients up to and including 21 years of age is 2,500
International Units/m2 intramuscularly or intravenously no more frequently than
every 14 days. Patients More Than 21 years of age - The recommended dose of
ONCASPAR for adult patients more than 21 years of age is 2,000 International Units/m2
intramuscularly or intravenously no more frequently than every 14 days.
Recommended Premedication - Premedicate patients with acetaminophen, an H-1
receptor blocker (such as diphenhydramine), and an H-2 receptor blocker (such as
famotidine) 30-60 minutes prior to administration of ONCASPAR to decrease the risk
and severity of both infusion and hypersensitivity reactions.
Recommended Monitoring and Dosage Modifications for Adverse Reactions
- Monitor patients at least weekly, with bilirubin, transaminases, glucose and clinical
examinations until recovery from the cycle of therapy. If an adverse reaction should
occur, modify treatment according to Table 1.
Table 1. Dosage Modifications
Adverse
Reaction

Severity*

Action

Grade 1

Reduce the infusion rate by 50%

Grade 2

Interrupt ONCASPAR infusion; Treat symptoms;
When symptoms resolve, resume infusion and
reduce infusion rate by 50%

Grade 3 to 4

Discontinue ONCASPAR permanently

Uncomplicated
deep vein
thrombosis

Hold ONCASPAR; Treat with appropriate
antithrombotic therapy; Upon resolution of
symptoms consider resuming ONCASPAR,
while continuing antithrombotic therapy.

Severe or lifethreatening
thrombosis

Discontinue ONCASPAR permanently; Treat
with appropriate antithrombotic therapy.

Pancreatitis

Grades 3 to 4

Hold ONCASPAR for elevations in lipase or
amylase >3 x ULN until enzyme levels stabilize
or are declining; Discontinue ONCASPAR
permanently if clinical pancreatitis is confirmed.

Hemorrhage

Grade 3 to 4

Hold ONCASPAR; Evaluate for coagulopathy
and consider clotting factor replacement as
needed; Resume ONCASPAR with the next
scheduled dose if bleeding is controlled.

Hepatotoxicity

Total bilirubin >3
x to ≤10 x ULN

Hold ONCASPAR until total bilirubin is
≤1.5 x ULN

Total bilirubin
>10 x ULN

Discontinue ONCASPAR and do not make up
for missed doses

Infusion
Reaction/
Hypersensitivity
Reaction

Thrombosis

during administration of ONCASPAR. The diluted solution should be used immediately. If
immediate use is not possible, the diluted solution should be stored refrigerated at 2°C to 8°C
(36°F to 46°F) for up to 48 hours. Protect infusion bags from direct sunlight. ONCASPAR does
not contain a preservative. Use only one dose per vial; discard unused product.
CONTRAINDICATIONS
ONCASPAR is contraindicated in patients with a: History of serious hypersensitivity
reactions, including anaphylaxis, to ONCASPAR or to any of the excipients; history of
serious thrombosis with prior L-asparaginase therapy; history of pancreatitis, including
pancreatitis related to prior L-asparaginase therapy; history of serious hemorrhagic
events with prior L-asparaginase therapy; severe hepatic impairment.
WARNINGS AND PRECAUTIONS
Anaphylaxis and Serious Hypersensitivity Reactions - Anaphylaxis and serious
hypersensitivity reactions can occur in patients receiving ONCASPAR. The risk of serious
hypersensitivity reactions is higher in patients with known hypersensitivity
to (E.) coli derived L-asparaginase formulations. Other hypersensitivity reactions can
include angioedema, lip swelling, eye swelling, erythema, blood pressure decreased,
bronchospasm, dyspnea, pruritus, and rash. Premedicate patients 30-60 minutes prior
to administration of ONCASPAR. Observe patients for 1 hour after administration of
ONCASPAR in a setting with resuscitation equipment and other agents necessary to treat
anaphylaxis (for example, epinephrine, oxygen, intravenous steroids, antihistamines).
Discontinue ONCASPAR in patients with serious hypersensitivity reactions.
Thrombosis - Serious thrombotic events, including sagittal sinus thrombosis can
occur in patients receiving ONCASPAR. Discontinue ONCASPAR in patients with serious
thrombotic events.
Pancreatitis - Pancreatitis can occur in patients receiving ONCASPAR. Hemorrhagic
or necrotizing pancreatitis with fatal outcomes have been reported. Inform patients of
the signs and symptoms of pancreatitis, which, if left untreated, could be fatal. Assess
serum amylase and/or lipase levels to confirm early signs of pancreatic inflammation.
Discontinue ONCASPAR in patients where pancreatitis is suspected. If pancreatitis is
confirmed, do not resume ONCASPAR.
Glucose Intolerance - Glucose intolerance can occur in patients receiving
ONCASPAR. In some cases, glucose intolerance is irreversible. Monitor serum glucose.
Hemorrhage - Increased prothrombin time, increased partial thromboplastin time,
and hypofibrinogenemia can occur in patients receiving ONCASPAR. Evaluate patients
with signs and symptoms of hemorrhage with coagulation parameters including PT,
PTT, fibrinogen. Consider appropriate replacement therapy in patients with severe
or symptomatic coagulopathy. Discontinue ONCASPAR for severe or life-threatening
hemorrhage.
Hepatotoxicity - Hepatotoxicity and abnormal liver function, including elevations
of transaminase, bilirubin (direct and indirect), reduced serum albumin, and plasma
fibrinogen can occur. Evaluate bilirubin and transaminases at least weekly during cycles
of treatment that include ONCASPAR through at least 6 weeks after the last dose of
ONCASPAR. In the event of serious liver toxicity, discontinue treatment with ONCASPAR
and provide supportive care.
ADVERSE REACTIONS
Clinical Trials Experience - Because clinical trials are conducted under widely
varying conditions, the adverse reaction rates observed cannot be directly compared to
rates in other clinical trials and may not reflect the rates observed in clinical practice.
The most common grade 3 and 4 adverse reactions (>5%) included: hypoalbuminemia,
elevated transaminase, febrile neutropenia, hypertriglyceridemia, hyperglycemia,
bilirubin increased, pancreatitis, abnormal clotting studies, embolic and thrombotic
events, and hypersensitivity.
First-Line Treatment of Acute Lymphoblastic Leukemia (ALL) - Study CCG-1962 was
a randomized (1:1), active controlled study that enrolled 118 patients, with a median
age of 4.7 years (1.1-9.9 years), of whom 54% were males and 65% White, 14%
Hispanic, 8% Black, 8% Asian, and 6% other race. Of the 59 patients in Study 1 who
were randomized to ONCASPAR, 48 patients (81%) received all 3 planned doses of
ONCASPAR, 6 (10%) received 2 doses, 4 (7%) received 1 dose, and 1 patient (2%) did
not receive the assigned treatment. In Study CCG-1962, detailed safety information
was collected for pre-specified adverse reactions identified as asparaginase induced
adverse reactions and for grade 3 and 4 nonhematologic adverse reactions according
to the Children’s Cancer Group (CCG) Toxicity and Complication Criteria. The per-patient
incidence, by treatment arm, for these selected adverse reactions occurring at a
severity of grade 3 or 4 are presented in Table 2 below:
Table 2. Incidence of Selected Grades 3 and 4 Adverse Reactions in Study CCG-1962

*Grade 1 is mild, grade 2 is moderate, grade 3 is severe, and grade 4 is life-threatening

Preparation and Administration - Administer ONCASPAR in a healthcare setting with
appropriate medical support and resuscitation equipment to manage hypersensitivity
reactions, should they occur. ONCASPAR is a clear and colorless solution. Visually inspect
parenteral drug products for particulate matter, cloudiness, or discoloration prior to
administration. If any of these are present, discard the vial.
When ONCASPAR is administered intramuscularly: Limit the volume at a single injection site
to 2 mL; if the volume to be administered is greater than 2 mL, use multiple injection sites.
When ONCASPAR is administered intravenously: Dilute ONCASPAR with 100 mL of
0.9% Sodium Chloride Injection, USP or 5% Dextrose Injection, USP, using aseptic
technique. After dilution, administer immediately into a running infusion of either 0.9%
Sodium Chloride, USP or 5% Dextrose Injection, USP, respectively. Administer over a
period of 1-2 hours. Do not infuse other drugs through the same intravenous line
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Abnormal Liver Tests
Elevated Transaminases*
Hyperbilirubinemia
Hyperglycemia
Central Nervous System Thrombosis
Coagulopathy†
Pancreatitis
Allergic Reactions to Asparaginase

ONCASPAR
(n=58)

Native E. coli
L-Asparaginase (n=59)

3 (5%)
2 (3%)
1 (2%)
3 (5%)
2 (3%)
1 (2%)
1 (2%)
1 (2%)

5 (8%)
4 (7%)
1 (2%)
2 (3%)
2 (3%)
3 (5%)
1 (2%)
0

* Aspartate aminotransferase, alanine aminotransferase.
†
Prolonged prothrombin time or partial thromboplastin time; or hypofibrinogenemia.
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The safety of ONCASPAR was investigated in Study DFCI 11-001, an open label,
randomized, active-controlled multicenter clinical trial that included 119 children and
adolescents with newly diagnosed ALL or lymphoblastic lymphoma treated with ONCASPAR
in combination with the Dana Farber Cancer Institute (DFCI) ALL Consortium backbone
therapy. The median age on enrollment was 4 years (range, 1-18 years). The majority of
patients were male (60%) and white (75%). Most patients were considered standard risk
ALL (59%) and had B-cell lineage ALL (87%). The median number of doses of ONCASPAR
during the study was 16 doses (one dose during induction therapy then administered every
two weeks during post induction therapy). The median duration of exposure to ONCASPAR
was 8 months. Table 3 summarizes the incidence of selected Grades ≥ 3 adverse reactions
that occurred in 8 or more patients receiving ONCASPAR. Because not all grade 1 and 2
adverse reactions were collected prospectively, only grade 3 and 4 adverse reactions are
presented in Table 3.
Table 3: Incidence of Selected Grades ≥ 3 Adverse Reactions in Patients
Receiving ONCASPAR With Multi-Agent Chemotherapy in Study DFCI 11-001
ONCASPAR 2500 IU/m2, N=119
Grade ≥ 3‡, n (%)

Adverse Reaction†
Elevated transaminase†

79 (66)

Febrile neutropenia

48 (40)

Hypertriglyceridemia

36 (30)

Hypoalbuminemia

33 (28)

Bilirubin increased

30 (25)

Hyperglycemia

29 (24)

†

Pancreatitis

29 (24)

Abnormal clotting studies†

25 (21)

Embolic and thrombotic events†

10 (8)

Hypersensitivity

8 (7)

†

†

Grouped terms: Elevated transaminase: Alanine aminotransferase increased, Aspartate
aminotransferase increased; Pancreatitis: Amylase increased, Lipase increased, Pancreatitis,
Pancreatitis relapsing; Bilirubin increased: Bilirubin conjugated increased, Blood bilirubin
increased; Abnormal clotting studies: Activated partial thromboplastin time prolonged, Blood
fibrinogen decreased; Febrile neutropenia: Febrile neutropenia; Embolic and thrombotic
events: Embolism, Pulmonary embolism, Thrombosis in device, Venous thrombosis, Venous
thrombosis limb; Hypersensitivity: Hypersensitivity, Anaphylactic reaction, Drug hypersensitivity.
‡
Grading is based on the Common Terminology Criteria for Adverse Events (CTCAE) v4.0.
†

Previously Treated ALL - Adverse reaction information was obtained from 5 clinical
trials that enrolled a total of 174 patients with relapsed ALL who received ONCASPAR
as a single agent or in combination with multi-agent chemotherapy. The toxicity
profile of ONCASPAR in patients with previously treated relapsed ALL is similar to that
reported above with the exception of clinical allergic reactions (see Table 3). The most
common adverse reactions of ONCASPAR were clinical allergic reactions, elevated
transaminases, hyperbilirubinemia, and coagulopathies. The most common serious
adverse events due to ONCASPAR treatment were thrombosis (4%), hyperglycemia
requiring insulin therapy (3%), and pancreatitis (1%).
Allergic Reactions - Allergic reactions include the following: bronchospasm, hypotension,
laryngeal edema, local erythema or swelling, systemic rash, and urticaria. Among 58
ONCASPAR-treated patients enrolled in Study CCG-1962, clinical allergic reactions were
reported in 2 patients (3%). One patient experienced a grade 1 allergic reaction and the
other grade 3 hives; both occurred during the first delayed intensification phase of the study
(see Table 4). Among 62 patients with relapsed ALL and prior hypersensitivity reactions to
asparaginase, 35 patients (56%) had a history of clinical allergic reactions to native E. coli
L-asparaginase, and 27 patients (44%) had a history of clinical allergic reactions to both
native Escherichia (E.) coli and native Erwinia L-asparaginase. Twenty (32%) of these 62
patients experienced clinical allergic reactions to ONCASPAR (see Table 4). Among 112
patients with relapsed ALL with no prior hypersensitivity reactions to asparaginase, 11
patients (10%) experienced clinical allergic reactions to ONCASPAR (see Table 4).
Table 4. Incidence of Clinical Allergic Reactions, Overall and by Severity Grade
Patient Status

Toxicity Grade, n (%)

Total

1

2

3

4

Previously
Hypersensitive
Patients (n=62)

7 (11)

8 (13)

4 (6)

1 (2)

20 (32)

NonHypersensitive
Patients (n=112)

5 (4)

4 (4)

1 (1)

1 (1)

11 (10)

First Line (n=58)

1 (2)

0

1 (2)

0

2 (3)

Immunogenicity - As with all therapeutic proteins, there is a potential for
immunogenicity. The detection of antibody formation is highly dependent on the
sensitivity and specificity of the assay. Additionally, the observed incidence of antibody
(including neutralizing antibody) positivity in an assay may be influenced by several
factors, including assay methodology, sample handling, timing of sample collection,
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concomitant medications, and underlying disease. For these reasons, comparison
of the incidence of antibodies in the studies described below with the incidence of
antibodies in other studies or to other asparaginase products may be misleading.
In Study CCG-1962, ONCASPAR treated patients were assessed for evidence of
binding antibodies using an enzyme-linked immunosorbent assay (ELISA) method.
The incidence of protocol-specified “high-titer” antibody formation was 2% in Induction
(n=48), 10% in Delayed Intensification 1 (n=50), and 11% in Delayed Intensification
2 (n=44). In study CCG 1962, there is insufficient information to determine whether
the development of antibodies is associated with an increased risk of clinical allergic
reactions or altered pharmacokinetics (i.e., loss of asparaginase activity). In Study DFCI
11-001, of the 100 evaluable patients treated with ONCASPAR, 19 (19%) patients
developed anti-drug antibodies (ADA) during treatment; 18 of these 19 patients were
positive for anti-PEG antibodies. The presence of ADA correlated with the occurrence
of hypersensitivity reactions. There is insufficient information to determine whether the
development of antibodies is associated with altered pharmacokinetics (i.e., loss of
asparaginase activity).
Postmarketing Experience - The following adverse reactions have been identified
during postapproval use of ONCASPAR. Because these reactions are reported
voluntarily from a population of uncertain size, it is not always possible to reliably
estimate their frequency or establish a causal relationship to drug exposure.
Blood and lymphatic system disorders: Coagulopathy. Gastrointestinal
disorders: Hepatic impairment, pancreatic cyst, pancreatitis. Immune system
disorders: Anaphylactic shock, hypersensitivity reaction. Investigations: Blood
cholesterol increased. Metabolism and nutrition disorders: Hyperglycemia,
hyperammonemia. Musculoskeletal and connective tissue disorders:
Osteonecrosis. Vascular disorders: Hemorrhage including central nervous system
hemorrhage, thrombosis including superior sagittal sinus thrombosis.
DRUG INTERACTIONS - Glucocorticoids - Pegaspargase may increase the risk of
glucocorticoid-induced toxicities, including osteonecrosis, through a potential increase
in exposure of dexamethasone.
USE IN SPECIFIC POPULATIONS
Pregnancy - Risk summary - Based on published literature studies with L-asparaginase
in pregnant animals, ONCASPAR can cause fetal harm when administered to a pregnant
woman. There are no available data on ONCASPAR use in pregnant women to evaluate
for a drug-associated risk of major birth defects, miscarriage, or adverse maternal or fetal
outcomes. Published literature studies in pregnant animals suggest asparagine depletion
may cause harm to the animal offspring (see Data). Advise pregnant women of the
potential risk to a fetus. In the U.S. general population, the estimated background risks of
major birth defects and miscarriage in clinically recognized pregnancies are 2 to 4% and
15 to 20%, respectively.
Data - Animal Data - Animal reproduction studies have not been conducted with
ONCASPAR to evaluate its effect on reproduction and fetal development. Published literature
studies in which pregnant rabbits were administered L-asparaginase or pregnant rats were
deprived of dietary asparagine suggested harm to the animal offspring.
Lactation - Risk summary - There are no data on the presence of pegaspargase
in human milk, the effects on the breastfed child, or the effects on milk production.
Because of the potential for adverse reactions in the breastfed child, advise women not
to breastfeed during treatment with ONCASPAR and for 1 month after the last dose.
Females and Males of Reproductive Potential - ONCASPAR can cause fetal harm
when administered to a pregnant woman.
Pregnancy - Pregnancy testing is recommended in females of reproductive potential
prior to initiating ONCASPAR.
Contraception - Advise females of reproductive potential to use effective non-hormonal
contraceptive methods during treatment with ONCASPAR and for 3 months after the last dose.
Pediatric Use - The safety and effectiveness of ONCASPAR in the treatment of ALL have
been established in pediatric patients. Use of ONCASPAR in these age groups is supported
by evidence of efficacy as first-line treatment from one adequate and well-controlled trial,
and evidence of efficacy for treatment of patients with hypersensitivity to asparaginase
from four adequate and well-controlled trials, and safety data from 7 total trials. The
pediatric patients treated with ONCASPAR 2,500 International Units/m2 on these trials
included 26 infants (1 month to <2 years old), 165 children (2 years to <12 years old),
and 39 adolescents (12 to 17 years old).
Geriatric Use - Clinical studies of ONCASPAR did not include sufficient numbers of subjects
aged 65 years and older to determine whether they respond differently than younger subjects.
OVERDOSAGE - Three patients received 10,000 International Units/m2 of ONCASPAR
as an intravenous infusion. One patient experienced a slight increase in liver enzymes.
A second patient developed a rash 10 minutes after the start of the infusion, which
was controlled with the administration of an antihistamine and by slowing down the
infusion rate. A third patient did not experience any adverse reactions. There is no
specific antidote for ONCASPAR overdosage. In case of overdose, monitor patients
closely for signs and symptoms of adverse reactions, and appropriately manage with
symptomatic and supportive treatment.
Please see Full Prescribing Information at www.oncaspar.com for complete
information on ONCASPAR.
Manufactured by:
Servier Pharmaceuticals LLC, Boston, MA 02210 (U.S. License No. 2125)
ONCASPAR is a registered trademark of Servier IP UK LTD, a wholly owned, indirect
subsidiary of Les Laboratoires Servier. Servier and the Servier logo are trademarks of
Les Laboratoires Servier.
US-02285 05/22
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Solange Peters, MD, PhD,
Reviews Evolving Treatment
Trends in Lung Cancer
Solange Peters,
MD, PhD,

is president, European
Society for Medical
Oncology (ESMO); head
of the medical oncology
service and chair of
thoracic oncology in the
Department of Oncology,
Centre Hospitalier
Universitaire Vaudois,
Lausanne, Switzerland;
and will be presenting
at the upcoming 23rd
Annual International
Lung Cancer Congress®
hosted by Physicians’
Education Resource®,
LLC (PER®).

“Be courageous: Your work will be recognized, and
everything is about [the] work in the end.”

C

reating a more diverse workplace for
lung cancer clinicians, especially those
participating in clinical trials, has been
a main focus in the oncology space in recent
years. Additionally, clinicians are learning how
to better stand out in the field, and to speak up
and be recognized.
In an interview with ONCOLOGY ®,
Solange Peters, MD, PhD, spoke about recent
research trends and the biggest obstacles in lung
cancer that specialists face today.
Peters also detailed how HER2 mutations
have led to developments in lung cancer treatment and discussed barriers to molecular testing. Further, she shared advice for those trying
to break into the lung cancer field.

Q:

What trends have you seen so far,
and do you expect to see, in 2022?
PETERS: Lung cancer [used to be in the]
category of diseases with very poor outcomes.
Using traditional surgery, chemotherapy, and
radiation, lung cancer outcomes were disappointing. [Now], 2 big chapters have dramatically changed the fate of [patients with]
thoracic malignancies. The first chapter is molecular biology: trying to understand and discover the gene, or oncogene, [that is causing the
cancer. The discovery] of the oncogene leading
to the malignant phenotype has led to a portfolio of targeted therapy.
[Also included in] the first chapter are molecular characterization, oncogene addiction, and
targeted therapy, which started [about] 15 years
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ago with the EGFR mutations. Now we have
15 [driver] mutations that we can treat without
chemotherapy or radiation in first- or second-line
treatment, [using] targeted therapy. This has been
moving progressively in the last 15 years, and
we’re [continuing to keep] pace by discovering
new compounds or new targets. [However], the
low-hanging fruit might have been caught. What
we improve every time we can is the pharmacology of the targeted therapies. We have been
handling more potent drugs in terms of preventing resistance.
The second chapter involves immunotherapy,
which has led to long-term survival for some patients with lung cancer despite metastatic disease.
When I started out, I couldn’t conceive that patients with metastatic disease could survive years,
but now [they can], with immunotherapy. We
have strong data showing that immunotherapy
should be used alone or in combination with
chemotherapy in all metastatic disease in the
frontline. However, these immunotherapies are
now moving to early-stage disease, [such as in
those cases with] small nodules that are resected and are treated with curative intent. The first
data [have been presented from] 3 trials already.
This year, there will be many more trials in
early-stage disease. These trials show that
immunotherapy has a place and a role in early
disease, [along] with surgery and any kind of radical treatment. That’s a revolution, not only in
lung cancer but also in other cancer types. In lung
cancer, we can combine immunotherapy with the
old strategies to [potentially] cure patients.
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Q:

What are some barriers and
issues surrounding molecular
testing for early-stage disease?
PETERS: Unfortunately, if you look at the
picture of molecular testing in Europe,
fewer than half of patients have access
to decent testing. Among [those who do
have access], some have very minimal
[testing]. Fewer than half of patients have
a tumor that is characterized in terms of
targets. That’s probably where most advances are needed, because [the current
situation] creates unacceptable inequities
in cancer and in the cancer journey.

Q:

How have HER2 mutations
emerged as a relevant target
in lung cancer?
PETERS: It’s interesting, because it’s a
journey lung cancer specialists have
taken because of breast cancer. We don’t
treat the same HER2 alteration in lung
cancer. [In breast cancer, they treat]
what we call amplification, which also
translates into an overexpression. What
we speak about in lung cancer is mutations. It’s a modification of the protein.
Usually, it’s an insertion within exon 20
of the gene. This is the alteration that we
target in lung cancer today.
We tried to use breast cancer drugs like
trastuzumab [Herceptin] and compounds
like poziotinib, which have given rise to
activity. When trying to make a riskbenefit assessment, [however, we found
that] none have [achieved efficacy that
is significant enough to] consider them
standard of care. Sometimes the toxicity
of such compounds can be very high.

Until now, there was no standard
option for HER2 mutations in non–
small cell lung cancer. Then suddenly
came an idea from this new generation
of agents: antibody-drug conjugates. A
very important agent, called the payload, is conjugated with a specific antibody, very similar to the trastuzumab.
Based on that, you can deliver therapy
to the right place. T-DM1 [trastuzumab
emtansine; Kadcyla] has given rise to
wonderful results in breast cancer, but
also in lung cancer. This is where you
reach a threshold with close to a 60%
response rate. It might be later and
down the road [that it is] recognized
everywhere as a second-line treatment,
but I would even say [it will be] a frontline strategy for our patients. Suddenly,
we’ve gone through these limitations,
and we have [found] an option.

Q:

What key research trends do
you find most interesting?
PETERS: We are trying to cure more
patients; that’s what differentiates us
from breast cancer specialists, [who are
currently better able to cure patients].
When breast cancer specialists treat
with chemotherapy, hormonal therapy,
and surgery, they get to cure. The curves
in breast cancer survival are high, between 80% and 100%. In lung cancer,
when you perform surgery and chemotherapy, only half, maybe about 40%, of
the patients will be cured. Even in lung
cancer with all the specialists, curing the
disease [is a challenge]. We will do more
screening for lung cancer and start to

Until now, there was no standard option for HER2
mutations in non–small cell lung cancer. Then suddenly
came an idea from this new generation of agents:
antibody-drug conjugates.

CANCE R N ETWOR K.COM

INTERVIEW

implement programs for heavy smokers
with regular CT scans, which will lead
to stage migration—from advanced to
early disease. You will have more early
disease documented, and better treatments [available]. If you keep these advances together, it will revolutionize in
how lung cancer will [become] a curable
disease, or at least more curable.

Q:

What advice do you have for
up-and-coming oncologists?
PETERS: First, oncology research and an
academic career are a commitment. You
need to commit to long hours of work,
[although] it doesn’t mean there are no
hobbies or family. It’s about the amount
of work and loving it. You need to really
feel like doing it and [committing to] a
heavy [workload].
Second, you need to find a mentor. A
mentor will put you on the scene and,
[for instance], give your name to give a
talk. Even if you deserve it, somebody
has to show to the community that you
are very good. Find a mentor where
you [work]—or even somewhere else,
because lots of mentorships can be [remote]—but find a mentor to help you.
[Lastly], everything is about choices.
You must make good decisions. Diversity is my main goal as ESMO president.
Try to understand that wherever you
come from, or whatever your gender,
preference in life, and trends in decisionmaking, you can make a career. [When
I first began my career], there were [almost] no women in the field. The picture
of gender has changed quite a bit. You
need to be well surrounded by vocal [colleagues] and you need to make yourself
seen, even if sometimes it might be a little
shaky in the beginning. Be courageous:
Your work will be recognized, and everything is about [the] work in the end. 

DISCLOSURE: The authors have no significant
financial interest in or other relationship with
the manufacturer of any product or provider of
any service mentioned in this article.
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Predictors of Poor Adherence
to Follow-up Care in Survivors
of Childhood Cancer
Rahiya Rehman, MD1; Gabriel Solorzano, MD2; Rachel Heist, MD2; Stephanie N. Thompson, PhD3; and
Mohamad Badawi, MD1

I

n the United States, life expectancy of
children given a diagnosis of cancer
has dramatically improved. The overall 5-year survival rate of patients with
childhood cancer has increased from
62% to 86% over the last 40 years.1 Additionally, from 2011 to 2015, mortality
declined by 1.5% annually in children
with a cancer diagnosis.2 Therefore, the
population of childhood cancer survivors (CCSs) has grown in the United
States, with the population estimated
to be 420,000 individuals and expected
to soon exceed 500,000 patients.3
Long-term comorbidities in CCS have
been documented. The Childhood Cancer Survivor Study (CCSS) reported that
adult CCSs were more likely to have longterm health complications than were
their healthy siblings.4,5 Toxicity from
radiotherapy and chemotherapy may
be a contributing factor to the increased
likelihood of chronic disease in CCSs.6,7
Current guidelines from the Children’s Oncology Group (COG) and the
National Academy of Medicine call for
CCS long-term follow-up and risk-based
patient care. A recommendation to
receive long-term follow-up visits once
a year is given to almost all CCSs; however, the schedule may vary depending
on characteristics of the patient, cancer
type, and treatment.8 The goal of CCS
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to June 1, 2017; 2) no evidence of discontinuous care is 3-fold: early identification and prompt treatment of late efease during the CCSs’ last visit to our
pediatric oncology/survivorship clinic;
fects, ongoing surveillance of comorbidities, and monitoring of overall health 3) treatment completion before June 1,
status with healthy lifestyle promotion.
2017; and 4) loss to follow-up (ie, no
visits to our pediatric oncoloDespite these guidelines,
CCSs’ follow-up care contingy/survivorship clinic) for more
ues to be suboptimal.9,10 Prethan 2 years after treatment
dictive factors for the absence
completion. Exclusion criteria
of follow-up include older age
included death from any cause
at diagnosis, absence of stem
and active survivorship folcell transplantation, treatment
!"#$%&'()%% low-up at our clinic. (In general,
*+,-.$%
with surgery alone, and lack of
survivorship follow-up varied
.$(/"012
insurance.11,12 More research is
depending upon cancer type; it
Subscribe
needed to identify knowledge
generally involved attending a
today!
gaps and other factors contribscheduled appointment every 3
to 4 months during the first 2 to
uting to suboptimal follow-up
in CCSs. By identifying the con3 years post treatment and then
tributory factors, local oncology centers
once or twice a year.) We screened for
can develop interventions to improve deaths using health care system electronadherence to follow-up care, decrease
ic medical records (EMRs), the Social
Security Death Index, and free online
the disease burden, and improve CCSs’
quality of life.
obituary search engines.
Individuals who completed their treatMethods
ment but without follow-up with our peWe reviewed our internal institutional diatric oncology team for more than 2
database and identified CCSs diagnosed
years (730 days) were identified as “CCS
over 13 years. Inclusion criteria were 1)
lost to follow-up,” and these individuals
receipt of a diagnosis of a neoplasm at comprised our target survey population.
age 0 to 18 years and completion of
Current phone numbers were obtained
any treatment (eg, supportive therapy, from EMRs for all CCSs meeting inclusion criteria. CCSs were contacted over
surgical resection, radiation therapy, or
chemotherapy) from January 1, 2004, the telephone; 3 attempts were made for
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telephone contact on separate occasions
timed 1 week apart. Verbal consent and
survey responses were obtained from
the CCS if individuals were aged at
least 18 years at the time of the phone
call or from a parent/guardian if they
were younger than 18 years at the time
of the phone call. A standardized script,
consent, and survey questions were used,
with individual responses recorded.
Basic demographic data were obtained through a chart review of EMRs.
Data on the following variables were
obtained for CCSs meeting inclusion
criteria: current age, age at diagnosis,
sex, race, cancer type, treatment modality, history of stem cell transplantation,
date of the last visit, and health insurance
at last visit (private or public). All aspects
of the study were approved by our institutional review board.
The statistical package SPSS Statistics
19 (IBM) was used to analyze data. Continuous variables were compared using
t-test analysis; comparisons of categorical
variables were performed using x2 tests or
Fisher exact tests, as appropriate. Statistical significance was defined as P < .05.
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TABLE 1. Survey Responses
Do you see a health care provider for your post cancer care?

n (%)

No

16 (53%)

Yes

14 (47%)

For “yes”
Type of health care provider
Primary care physician

4 (29)

Oncologist

8 (57)

Cancer survivorship clinic

0

Other

2 (14)

For “no”
Reported reasons for not seeing a health care provider
Transfer of care

1 (6)

Relocation to a new area/state

2 (13)

Change of primary oncologist

0

Lack of knowledge about cancer follow-up
Financial reasons (costs/co-pays)
Other

11 (68)
0
2 (13)

Do you have health insurance?
No

0 (0%)

Yes

30 (100%)

Which type of insurance?
Public

12 (40%)

Private

18 (60%)

Results
In all, 276 participants were initially
identified as CCSs during the study period. Participants were excluded if they
had died due to any cause (41 patients),
had been referred to another institution
for care (8 patients), had completed
treatment less than 2 years before (14
patients), had been in documented active
follow-up at our oncology clinic (108
patients), or had no records of treatment
(2 patients), leaving a total of 103 CCSs
eligible for surveys and analysis.
The included sample was made up
primarily of men (53%) and White individuals (96%). The mean age at diagnosis was 9.5 years (SD, 5.6 years).
Mean time since diagnosis was 10.4
years (SD, 3.3 years), and the mean
time from the last visit to start of study
was 5.0 years (SD, 1.7 years). Leukemia/
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lymphoma was the most common diagnosis (43%), followed by solid tumors (37%). Chemotherapy alone was
the most frequent treatment modality
(40%), followed by surgery (30%) and
chemotherapy plus surgery (19%). All
patients (100%) had health insurance at
the time of diagnosis; 48% had public
insurance (eg, Medicaid) and 52% had
private insurance.
Of the 103 eligible CCSs who did not
have documented follow-up within the
previous 2 years, 30 answered survey
questions via the telephone, with 2 additional participants declining to participate. We were unable to contact the
remaining 71 individuals, either due to
a change of primary phone number, no
answer, or unavailability at the time of
phone calls.

Survey responses are listed in Table
1. More than half the respondents (16
patients [53%]) did not report receiving
cancer-related care with a health care
provider as a survivor. Of the 14 participants reporting survivorship care, 8
CCSs (57%) reported receiving continued care from an oncologist; follow-up
visits included 4 patients (29%) to a primary care physician, 1 patient (7%) to a
neurologist, and 1 patient (7%) to a neurosurgeon. The most common reasons
for not receiving follow-up care included
lack of knowledge regarding cancer follow-up (11 patients [68%]), relocating to
a new state (2 patients [13%]), transfer
of care to a different oncologist (1 patient [6%]), and other reasons (2 patients
[13%]). Financial reasons were not a reported determinant of poor follow-up.
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Participants reporting no active follow-up had more years elapsed since the
diagnosis (mean [SD], 11.5 years [3.5
years]) than did those who received follow-up survivorship care (mean [SD],
9.1 years [2.5 years]; P = .046; Table 2).
Age, sex, and race had no association
with follow-up status. All survey respondents reported having health insurance
at the time of survey; however, more
respondents in the active follow-up
group than in the group reporting no
follow-up had private insurance (71.4%
vs 50%, respectively; P = .23). Only 1 respondent received a stem cell transplant
and reported being in follow-up.
Survey respondents varied in cancer type and treatment regimen given
(Table 2). In cases of central nervous
system (CNS) tumors, patients typically
underwent tumor surgical resection, with
1 patient receiving radiation with surgery.
In cases of leukemia and lymphoma, the
most commonly used chemotherapeutic agents were alkylating agents and
anthracyclines given in standard doses
per COG standard treatment protocols.
In cases of solid tumors (eg, hepatoblastoma, Wilms tumor, rhabdomyosarcoma), patients underwent surgical
resection of the tumor followed by chemotherapy with alkylating agents. One
patient with Ewing sarcoma required
amputation of the involved extremity.
No cancer type or treatment modality
was associated with increased follow-up.

Discussion
In our surveyed CCSs, approximately
half the respondents (16 patients [53%])
reported not seeing a health care provider for survivorship care. This follow-up
rate, although suboptimal, is similar to
that reported in a survivorship study
performed at Texas Children’s Cancer
Center (55%) and higher than results
reported in several large, multi-institutional CCS studies.12-14 In the Swiss
CCS study, only 19% of respondents
reported regular follow-up,13 whereas
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TABLE 2. Survey Responses
Do you see a health care provider for your post cancer care?

Yes
n = 14

No
n = 16

P value

Male

6 (43%)

9 (56%)

.46

Female

8 (57%)

7 (44%)

0

14 (100%)

15 (94%)

1.00

0 (0%)

1 (6%)

8.6 ± 5.2

10.1 ± 5.7

.48

11.5 ± 3.5

.046
.23

Gender

Race
Caucasian
Other
Age at diagnosis (years)
Time between diagnosis and survey (years)
9.1 ± 2.5
Current type of insurance (from survey)
Public

4 (29%)

8 (50%)

Private

10 (71%)

8 (50%)

Liquid tumor

5 (36%)

5 (31%)

Solid tumor

4 (29%)

6 (38%)

CNS tumor

5 (36%)

5 (31%)

Type of cancer
1.00

Stem cell transplant status
Transplant

1 (7%)

0 (0%)

13 (93%)

16 (100%)

Chemotherapy

4 (29%)

5 (31%)

Chemotherapy plus
stem cell transplant

1 (7%)

0 (0%)

Chemotherapy plus
surgery

3 (21%)

4 (25%)

Surgery

6 (43%)

6 (38%)

Surgery plus
radiation

0 (0%)

1 (6%)

No transplant

.47

Type of treatment
.94

CNS, central nervous system.

in the North American CCS study, only
31.5% of participants reported receiving survivorship care.14 However, at
St. Jude Children’s Research Hospital,
only 15% of CCSs were classified as
nonattenders.15 At the Children’s Hospital of Philadelphia, approximately
25% of CCSs reported not receiving
survivorship care within 5 years of diagnosis.16 Both these institutions have a

high ranking for CCS support and have
numerous interventions in place to promote continued survivorship care.
Regardless of the initial follow-up
rates for care after cancer, attendance
falls over time. One study conducted
at the Roswell Park Cancer Institute in
Buffalo, New York, reported that the
follow-up rate noted 1 to 5 years post
treatment was 91.2%, but this decreased
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to 68.5% during years 6 to 10.17 Similarly, in our study, longer lengths of time
since the cancer diagnosis was associated
with absent survivorship care.
Older age at diagnosis has been a predictor of poor clinic attendance in other
large institutional studies.12,16,18 Pediatric
oncology patients who are diagnosed in
the second decade of life usually transition
to adult providers over time. In the absence of well-defined care transition plans,
regular follow-up often ceases when patients leave pediatric care.19 However, age
at diagnosis did not associate with follow-up status in our study.
Other large studies found that CCSs
without insurance or those who were
underinsured were less likely to attend
follow-up cancer care.12,14,16,18-20 In our
study, all participants had health insurance at the time of their last office visit
and at the time of survey. Insurance type
(private vs public) had no association
with follow-up. This finding was unexpected, since cancer survivors can have
more difficulty in obtaining health insurance.21,22 A survey study conducted
1 year after the enactment of the Patient Protection and Affordable Care
Act found that CCSs had lower rates of
employer-sponsored coverage, higher
rates of Medicaid coverage, and greater
difficulty in obtaining coverage than did
their siblings.23 In our survey subgroup,
financial reasons were not reported as a
reason for poor clinic attendance. This
contrasts with other studies that reported higher education, employment status,
and insurance status to be associated
with increased follow-up rates.14,16,18, 24
Previous work demonstrated that cancer type may be associated with follow-up
adherence. This was not the case in our
study. In contrast, both May et al and
Barakat et al reported that CCSs with
brain and other solid tumors were less
likely to attend follow-up care.11,15 CCSs
with solid tumors were most likely to undergo tumor resection; they may consider
themselves cured after the procedure.25
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This may lead them to falsely believe that
regularly scheduled follow-up is unnecessary.24-26 However, after complete resection of solid tumors, especially brain
tumors, the malignancy may recur.27
Furthermore, CCSs with brain tumors
who are treated with surgery have an
increased incidence of various future
adverse effects, including vision changes, neurocognitive problems, behavior
issues, and endocrinopathies.28 Focused
survivorship care can help to identify and
manage these complications.
Of 16 individuals who did not receive
follow-up, 11 reported lack of knowledge
as the main reason for their poor attendance to follow-up care. Similarly, Kadan
et al reported that only 35% of participants acknowledged being at risk for
long-term cancer-related adverse effects.29
Some of our surveyed CCSs reported being cleared by their primary physician
and being told that no follow-up was
necessary. Whether the primary physicians counseled CCSs properly or there
were perceived differences in the need for
follow-up care is unknown. Primary care
physicians may have limited knowledge
about the long-term effects of childhood
cancer treatments and may not be familiar
with the complex care needed by these
CCSs; thus, provider education regarding
survivorship care may be required.30
In any case, CCSs, especially those
treated for solid and CNS tumors, have
a knowledge deficit regarding long-term
risks related to their primary malignancy.17 Further, primary care physicians
may have knowledge gaps concerning
surveillance guidelines set forth by the
COG.31,32 Efforts should be made to
ensure that care is provided in consultation with an experienced oncologist,
when possible. Physicians should know
current survivorship guidelines and educate their CCSs at regular intervals, as
adverse effects of cancer therapy may not
be apparent until late adulthood.
Our cross-sectional survey conducted during the COVID-19 pandemic

ORIGINAL RESEARCH

(December 2019-June 2020) had a limitation—the response rate (≈30%) was lower than anticipated. As a result, the sample
size was small, and comparisons may have
been underpowered. Additionally, our
patient population mostly was comprised
of White individuals, and they reported
having health insurance. As such, our results may not be generalizable to other
patient populations that include different
racial groups and insurance status distributions. The optimal way to locate, contact, and survey CCSs remains an area of
potential research, as others have reported
that response rates increased substantially after postal questionnaire administration.33 We also cannot rule out sampling
and nonresponse bias with voluntary
subject participation. Also, almost all of
our participants with no follow-up care
requested contact information for our
institution’s pediatric cancer survivorship
clinic; however, due to time constraints,
we did not measure their return attendance to the clinic as survivors.
Multilevel targeted interventions to
increase engagement in survivorship care
among CCSs are needed; they include use
of a cancer registry, contact with patients
via their preferred method of appointment reminders, construction of a social
support network for cancer survivors, and
connection with community resources.
Community level interventions targeted
at increasing the education of primary
care providers on guideline-based survivorship care would improve CCS health
and quality of life.

Conclusion
Follow-up care of CCSs is an understudied
area, especially in West Virginia. Among
the surveyed CCSs, knowledge deficits
rather than financial reasons were the reported cause of the lack of follow-up care.
Our findings can help oncology centers to
develop future interventions targeted towards this patient population to promote
guideline-driven, long-term survivorship
follow-up care. 

O N C O LO GY ®

353

ORIGINAL RESEARCH

SURVIVORSHIP CARE

DISCLOSURE: Manuscript authors included

Rahiya Rehman, MD; Gabriel Solorzano, MD;
Rachel Heist, MD; Stephanie N. Thompson,
PhD; and Mohammad H. Badawi, MD, with
each contributing to the conceptualization and
design of the study as well as data analysis
or manuscript preparation. All authors have
reviewed and agreed upon the final manuscript
content. This manuscript has not been
submitted elsewhere nor has it been previously
published. All authors declare that there are no
conflicts of interest, financial interests, or other
relationships of a commercial nature to disclose.
No funding was received.

AUTHOR AFFILIATIONS:
1
Pediatrics. Charleston Area Medical Center/
West Virginia University-Charleston Division,
Charleston, WV
2
West Virginia University, School of Medicine,
Morgantown, WV
3
Center for Health Services and Outcome
Research, Charleston Area Medical Center,
Charleston, WV

REFERENCES
1. Howlader N, Noone AM, Krapcho M, et al. SEER
cancer statistics review 1975-2017. National Cancer
Institute. 2020. Accessed January 14, 2021. https://seer.
cancer.gov/csr/1975_2017/
2. Cronin KA, Lake AJ, Scott S, et al. Annual report to
the nation on the status of cancer, part I: national cancer
statistics. Cancer. 2018;124(13):2785-2800. doi:10.1002/
cncr.31551
3. Robison LL, Hudson MM. Survivors of childhood and
adolescent cancer: life-long risks and responsibilities. Nat
Rev Cancer. 2014;14(1):61-70. doi:10.1038/nrc3634
4. Meacham LR, Chow EJ, Ness KK, et al. Cardiovascular
risk factors in adult survivors of pediatric cancer—a
report from the childhood cancer survivor study. Cancer
Epidemiol Biomarkers Prev. 2010;19(1):170-181.
doi:10.1158/1055-9965.EPI-09-0555
5. Meadows AT, Friedman DL, Neglia JP, et al. Second
neoplasms in survivors of childhood cancer: findings from
the Childhood Cancer Survivor Study cohort. J Clin Oncol.
2009;27(14):2356-2362. doi:10.1200/JCO.2008.21.1920
6. Armstrong GT, Stovall M, Robison LL. Long-term effects
of radiation exposure among adult survivors of childhood
cancer: results from the childhood cancer survivor study.
Radiat Res. 2010;174(6):840-850. doi:10.1667/RR1903.1
7. Livinalli A, Silva MT, Lopes LC. Late adverse
effects related to treatment in a cohort of survivors
of childhood and adolescent cancer. Medicine
(Baltimore).
2019;98(12):e14921.
doi:10.1097/
MD.0000000000014921

8. Landier W, Bhatia S, Eshelman DA, et al. Development
of risk-based guidelines for pediatric cancer survivors:
the Children’s Oncology Group long-term follow-up
guidelines from the Children’s Oncology Group Late
Effects Committee and Nursing Discipline. J Clin Oncol.
2004;22(24):4979-4990. doi:10.1200/JCO.2004.11.032
9. Daly A, Lewis RW, Vangile K, et al. Survivor clinic
attendance among pediatric- and adolescent-aged
survivors of childhood cancer. J Cancer Surviv.
2019;13(1):56-65. doi:10.1007/s11764-018-0727-3
10. Mueller EL, Park ER, Kirchhoff AC, et al. Insurance,
chronic health conditions, and utilization of primary and
specialty outpatient services: Childhood Cancer Survivor
Study report. J Cancer Surviv. 2018;12(5):639-646.
doi:10.1007/s11764-018-0700-1
11. Devine KA, Viola A, Capucilli P, et al. Factors
associated with noncompliance with long-term followup care among pediatric cancer survivors. J Pediatr
Hematol Oncol. 2017;39(3):167-173. doi:10.1097/
MPH.0000000000000744
12. May L, Schwartz DD, Frugé E, et al. Predictors of
suboptimal follow-up in pediatric cancer survivors.
J Pediatr Hematol Oncol. 2017;39(3):e143-e149.
doi:10.1097/MPH.0000000000000723
13. Rebholz CE, von der Weid NX, Michel G, Niggli FK,
Kuehni CE; Swiss Pediatric Oncology Group (SPOG).
Follow-up care amongst long-term childhood cancer
survivors: a report from the Swiss Childhood Cancer
Survivor Study. Eur J Cancer. 2011;47(2):221-229.
doi:10.1016/j.ejca.2010.09.017
14. Nathan PC, Greenberg ML, Ness KK, et al. Medical
care in long-term survivors of childhood cancer: a
report from the Childhood Cancer Survivor Study.
J Clin Oncol. 2008;26(27):4401-4409. doi:10.1200/
JCO.2008.16.9607
15. Barakat LP, Schwartz LA, Szabo MM, Hussey HM,
Bunin GR. Factors that contribute to post-treatment
follow-up care for survivors of childhood cancer.
J Cancer Surviv. 2012;6(2):155-162. doi:10.1007/
s11764-011-0206-6
16. Klosky JL, Cash DK, Buscemi J, et al. Factors
influencing long-term follow-up clinic attendance
among survivors of childhood cancer. J Cancer Surviv.
2008;2(4):225-232. doi:10.1007/s11764-008-0063-0
17. Rokitka DA, Curtin C, Heffler JE, Zevon MA,
Attwood K, Mahoney MC. Patterns of loss to followup care among childhood cancer survivors. J Adolesc
Young Adult Oncol. 2017;6(1):67-73. doi:10.1089/
jayao.2016.0023
18. Johnson R, Horne B, Feltbower RG, Butler GE,
Glaser AW. Hospital attendance patterns in long term
survivors of cancer. Arch Dis Child. 2004;89(4):374-377.
doi:10.1136/adc.2002.021816
19. Hashmi S, Carpenter P, Khera N, Tichelli A, Savani
BN. Lost in transition: the essential need for long-term
follow-up clinic for blood and marrow transplantation
survivors. Biol Blood Marrow Transplant. 2015;21(2):225232. doi:10.1016/j.bbmt.2014.06.035
20. Oeffinger KC, Mertens AC, Hudson MM, et al.
Health care of young adult survivors of childhood cancer:
a report from the Childhood Cancer Survivor Study. Ann
Fam Med. 2004;2(1):61-70. doi:10.1370/afm.26

21. Langeveld, N, Stam, H, Grootenhuis M, Last B.
Quality of life in young adult survivors of childhood cancer.
Support Care Cancer. 2002;10(8):579-600. doi:10.1007/
s00520-002-0388-6
22. Vann JC, Biddle AK, Daeschner CW, Chaffee S, Gold
SH. Health insurance access to young adult survivors of
childhood cancer in North Carolina. Med Pediatr Oncol.
1995;25(5):389-395. doi:10.1002/mpo.2950250505
23. Park ER, Kirchhoff AC, Nipp RD, et al. Assessing
health insurance coverage characteristics and impact
on health care cost, worry, and access: a report
from the Childhood Cancer Survivor Study. JAMA
Intern Med. 2017;177(12):1855-1858. doi:10.1001/
jamainternmed.2017.5047
24. Nathan PC, Agha M, Pole JD, et al. Predictors of
attendance at specialized survivor clinics in a populationbased cohort of adult survivors of childhood cancer.
J Cancer Surviv. 2016;10(4):611-618. doi:10.1007/
s11764-016-0522-y
25. Cancer surgery. American Cancer Society. Accessed
January 14, 2021. https://www.cancer.org/treatment/
treatments-and-side-effects/treatment-types/surgery.
html
26. Zheng DJ, Sint K, Mitchell HR, Kaddan-Lottick NS.
Patterns and predictors of survivorship clinic attendance
in a population-based sample of pediatric and young
adult childhood cancer survivors. J Cancer Surviv.
2016;10(3):505-513. doi:10.1007/s11764-015-0493-4
27. Wasilewski-Masker K, Liu Q, Yasui Y, et al. Late
recurrence in pediatric cancer: a report from the
Childhood Cancer Survivor Study. J Natl Cancer Inst.
2009;101(24):1709-1720. doi:10.1093/jnci/djp417
28. Turner CD, Chordas CA, Liptak CC, et al. Medical,
psychological, cognitive and educational late-effects
in pediatric low-grade glioma survivors treated with
surgery only. Pediatr Blood Cancer. 2009;53(3):417-423.
doi:10.1002/pbc.22081
29. Kadan-Lottick NS, Robison LL, Gurney JG, et al.
Childhood cancer survivors’ knowledge about their past
diagnosis and treatment: Childhood Cancer Survivor
Study. JAMA. 2002;287(14):1832-1839. doi:10.1001/
jama.287.14.1832
30. McCabe MS, Partridge AH, Grunfeld E, et al. Riskbased health care, the cancer survivor, the oncologist, and
the primary care physician. Semin Oncol. 2013;40(6):804812. doi:10.1053/j.seminoncol.2013.09.004
31. Suh E, Daugherty CK, Wroblewski K, et al. General
internists’ preferences and knowledge about the care
of adult survivors of childhood cancer: a cross-sectional
survey. Ann Intern Med. 2014;160(1):11-17. doi:10.7326/
M13-1941
32. Armstrong GT, Kawashima T, Leisenring W, et al.
Aging and risk of severe, disabling, life-threatening, and
fatal events in the Childhood Cancer Survivor Study.
J Clin Oncol. 2014;32(12):1218-1227. doi:10.1200/
JCO.2013.51.1055
33. Edgar AB, Borthwick S, Duffin K, Marciniak-Stepak
P, Wallace WHB. Survivors of childhood cancer lost
to follow-up can be re-engaged into active long-term
follow-up by a postal health questionnaire intervention.
Eur J Cancer. 2012;48(7):1066-1073. doi:10.1016/j.
ejca.2011.06.009

!"# !$%&#'()*(*"%(+',!-' ) )'%

ONCOLOGY® is focused on bringing practical, peer-reviewed content to community oncologists, oncology nurses and other
relevant health care professionals. Subscribe to our newsletter to receive FREE practical tips and valuable resources.

!./0(123(4%(.563(/06(7897.:;93(156/<=

354

O N C O LO GY ®

JUNE 2022

T:7.75"
S:7"

In HER2+ MBC following 1L progression and beyond*

EMBRACE

WITH PROVEN SAFETY
TUKYSA + trastuzumab + capecitabine vs placebo + trastuzumab + capecitabine

• Median PFS: 7.8 months (95% CI: 7.5-9.6) vs 5.6 months (95% CI:
4.2-7.1); HR = 0.54 (95% CI: 0.42-0.71); P <0.00001 (primary endpoint) 1†

More than 2 years median overall survival at follow-up analysis2
• Primary analysis‡: 21.9 months (95% CI: 18.3-31.0) vs 17.4 months
(95% CI: 13.6-19.9); HR = 0.66 (95% CI: 0.50-0.87); P = 0.0048
(secondary endpoint) 1
• Follow-up analysis§: 24.7 months (95% CI: 21.6-28.9) vs 19.2 months
(95% CI: 16.4-21.4); HR = 0.73 (95% CI: 0.59-0.90); median follow-up:
29.6 months2
Follow-up OS analysis: Results of this prespecified exploratory analysis are descriptive but not
conclusive, are not controlled for type 1 error, and should be interpreted with caution.

Safe and well tolerated1,3

PRESCRIBED

The TUKYSA regimen is the #1 prescribed treatment for patients with brain metastases
in 2L+ HER2+ MBC4II

Indication
TUKYSA is indicated in combination with trastuzumab and capecitabine for treatment of adult patients with advanced
unresectable or metastatic HER2-positive breast cancer, including patients with brain metastases, who have received
one or more prior anti-HER2-based regimens in the metastatic setting.

Select Important Safety Information
• The Prescribing Information for TUKYSA contains warnings and precautions for diarrhea, hepatotoxicity, and
embryo-fetal toxicity, some of which may be severe
• The most common serious adverse reactions in ≥2% of patients who received TUKYSA were diarrhea, vomiting,
nausea, abdominal pain, and seizure
Study design: HER2CLIMB was a randomized (2:1) trial of TUKYSA or placebo each in combination with trastuzumab
and capecitabine in 612 patients with HER2+ MBC, previously treated with trastuzumab, pertuzumab, and T-DM1.
Primary endpoint was PFS per BICR in the first 480 patients enrolled. Secondary endpoints included OS. A prespecified
exploratory analysis was included to evaluate OS at ~2 years. Please see additional study design on the following page.
*≥1 anti-HER2-based regimen in the metastatic setting.1
†
Data from the first 480 patients.1
‡
Primary analysis (data cutoff: September 4, 2019).3
§
Prespecified exploratory analysis (data cutoff: February 8, 2021).2
II
Based on brand prescriptions from 10/20 to 05/21.4
1L = first-line; 2L = second-line; BICR = blinded independent central review; CI = confidence interval;
HER = human epidermal growth factor receptor; HR = hazard ratio; MBC = metastatic breast cancer;
OS = overall survival; PFS = progression-free survival; PPE = palmar-plantar erythrodysesthesia;
T-DM1 = ado-trastuzumab emtansine.

Please see full Important Safety Information on the following pages.
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See additional follow-up data inside
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• The most common adverse reactions in patients who received
TUKYSA (≥20%) were diarrhea, PPE, nausea, fatigue, hepatotoxicity,
vomiting, stomatitis, decreased appetite, abdominal pain, headache,
anemia, and rash1
• 6% of patients discontinued TUKYSA due to adverse reactions vs
3% with placebo3
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In combination with trastuzumab + capecitabine

TUKYSA ACHIEVED A MEDIAN OVERALL SURVIVAL OF
MORE THAN 2 YEARS AT FOLLOW-UP ANALYSIS2*
OS in the total population (N = 612)1,2
PRIMARY ANALYSIS*

HR = 0.66 (95% CI: 0.50-0.87)
P = 0.0048

1.0

EXPLORATORY FOLLOW-UP ANALYSIS†
HR = 0.73 (95% CI: 0.59-0.90)

24.7

21.9

OS Probability

0.8

months median OS

months median OS

(95% CI: 18.3-31.0)
Events: 130/410

(95% CI: 21.6–28.9)
Events: 233/410

19.2

17.4

0.6
MEDIAN

0.4

months median OS

months median OS

(95% CI: 13.6-19.9)
Events: 85/202

(95% CI: 16.4–21.4)
Events: 137/202

PRIMARY ANALYSIS

TUKYSA arm

TUKYSA arm
Control arm
FOLLOW-UP ANALYSIS

0.2

Control arm

TUKYSA arm
Control arm

0.0
0

3

6

9

12

15

18

21

NUMBER AT RISK
TUKYSA arm
Control arm

410
202

24

27

30

33

36

39

42

45

48

51

54

81
28

56
21

38
14

24
8

19
4

11
3

4
2

2
0

0
0

Time (Months)
387
191

356
174

325
156

295
129

268
114

241
103

214
87

153
63

122
47

Warnings and Precautions
• Diarrhea: TUKYSA can cause severe diarrhea including
dehydration, hypotension, acute kidney injury, and death.
In HER2CLIMB, 81% of patients who received TUKYSA
experienced diarrhea, including 12% with Grade 3 and 0.5%
with Grade 4. Both patients who developed Grade 4 diarrhea
subsequently died, with diarrhea as a contributor to death.
Median time to onset of the first episode of diarrhea was
12 days and the median time to resolution was 8 days. Diarrhea
led to TUKYSA dose reductions in 6% of patients and TUKYSA
discontinuation in 1% of patients. Prophylactic use of
antidiarrheal treatment was not required on HER2CLIMB.
If diarrhea occurs, administer antidiarrheal treatment as
clinically indicated. Perform diagnostic tests as clinically
indicated to exclude other causes of diarrhea. Based on the
severity of the diarrhea, interrupt dose, then dose reduce or
permanently discontinue TUKYSA.
• Hepatotoxicity: TUKYSA can cause severe hepatotoxicity. In
HER2CLIMB, 8% of patients who received TUKYSA had an ALT
increase >5 × ULN, 6% had an AST increase >5 × ULN, and 1.5%
had a bilirubin increase >3 × ULN (Grade ≥3). Hepatotoxicity
led to TUKYSA dose reductions in 8% of patients and TUKYSA
discontinuation in 1.5% of patients.
Monitor ALT, AST, and bilirubin prior to starting TUKYSA, every
3 weeks during treatment, and as clinically indicated. Based on
the severity of hepatotoxicity, interrupt dose, then dose reduce
or permanently discontinue TUKYSA.
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Important Safety Information

• Embryo-Fetal Toxicity: TUKYSA can cause fetal harm. Advise
pregnant women and females of reproductive potential of
the potential risk to a fetus. Advise females of reproductive
potential, and male patients with female partners of
reproductive potential, to use effective contraception during
TUKYSA treatment and for at least 1 week after the last dose.

Adverse Reactions
Serious adverse reactions occurred in 26% of patients who
received TUKYSA; those occurring in ≥2% of patients were
diarrhea (4%), vomiting (2.5%), nausea (2%), abdominal pain
(2%), and seizure (2%). Fatal adverse reactions occurred in
2% of patients who received TUKYSA including sudden death,
sepsis, dehydration, and cardiogenic shock.
Adverse reactions led to treatment discontinuation in 6% of
patients who received TUKYSA; those occurring in ≥1% of
patients were hepatotoxicity (1.5%) and diarrhea (1%). Adverse
reactions led to dose reduction in 21% of patients who received
TUKYSA; those occurring in ≥2% of patients were hepatotoxicity
(8%) and diarrhea (6%).
The most common adverse reactions in patients who
received TUKYSA (≥20%) were diarrhea, palmar-plantar
erythrodysesthesia, nausea, fatigue, hepatotoxicity, vomiting,
stomatitis, decreased appetite, abdominal pain, headache,
anemia, and rash.

Lab Abnormalities
In HER2CLIMB, Grade ≥3 laboratory abnormalities reported in ≥5%
of patients who received TUKYSA were decreased phosphate,
increased ALT, decreased potassium, and increased AST.

6/2/22 9:20 AM
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Results of this prespecified exploratory analysis are descriptive but not conclusive, are not controlled for type 1 error, and should be interpreted with caution. Data cutoff for follow-up
analysis was February 8, 2021.2
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CONSISTENT SAFETY PROFILE AT FOLLOW-UP ANALYSIS2†
At the 2-year follow-up analysis2
The most common adverse reactions (≥20%) were diarrhea, PPE, nausea, fatigue, vomiting, decreased
appetite, stomatitis, headache, AST increased, anemia, ALT increased, and blood bilirubin increased

TEAEs Grade ≥3

TEAEs leading to death

61% (245/404) in the TUKYSA arm vs
51% (101/197) in the control arm

2% (8/404) in the TUKYSA arm vs
3% (6/197) in the control arm

The rate of discontinuation due to adverse reactions for the TUKYSA arm remained consistent
with the primary analysis2,3†
PRIMARY ANALYSIS³

TUKYSA

6%

PLACEBO

vs

3%

FOLLOW-UP ANALYSIS²

TUKYSA

6

%

PLACEBO

vs

4%

ALT = alanine aminotransferase; AST = aspartate aminotransferase; ORR = objective response rate; TEAE = treatment-emergent adverse event.

The mean increase in serum creatinine was 32% within the first
21 days of treatment with TUKYSA. The serum creatinine
increases persisted throughout treatment and were reversible
upon treatment completion. Consider alternative markers
of renal function if persistent elevations in serum creatinine
are observed.

Drug Interactions
• Strong CYP3A/Moderate CYP2C8 Inducers: Concomitant
use may decrease TUKYSA activity. Avoid concomitant
use of TUKYSA.
• Strong or Moderate CYP2C8 Inhibitors: Concomitant use
of TUKYSA with a strong CYP2C8 inhibitor may increase
the risk of TUKYSA toxicity; avoid concomitant use.
Increase monitoring for TUKYSA toxicity with moderate
CYP2C8 inhibitors.
• CYP3A Substrates: Concomitant use may increase
the toxicity associated with a CYP3A substrate. Avoid
concomitant use of TUKYSA where minimal concentration
changes may lead to serious or life-threatening toxicities.
If concomitant use is unavoidable, decrease the CYP3A
substrate dosage.

• P-gp Substrates: Concomitant use may increase the toxicity
associated with a P-gp substrate. Consider reducing the
dosage of P-gp substrates where minimal concentration
changes may lead to serious or life-threatening toxicity.

Use in Specific Populations
• Lactation: Advise women not to breastfeed while taking
TUKYSA and for at least 1 week after the last dose.
• Renal Impairment: Use of TUKYSA in combination with
capecitabine and trastuzumab is not recommended in
patients with severe renal impairment (CLcr < 30 mL/min),
because capecitabine is contraindicated in patients with
severe renal impairment.
• Hepatic Impairment: Reduce the dose of TUKYSA for
patients with severe (Child-Pugh C) hepatic impairment.
Please see Brief Summary of Prescribing Information
on adjacent pages.
References: 1. TUKYSA [Prescribing Information]. Bothell, WA: Seagen Inc. April 2020. 2. Curigliano G,
Mueller V, Borges V, et al. Updated results of tucatinib vs placebo added to trastuzumab and
capecitabine for patients with pretreated HER2+ metastatic breast cancer with and without brain
metastases (HER2CLIMB). Poster presented at: American Society of Clinical Oncology Annual Meeting;
June 4-8, 2021. 3. Murthy RK, Loi S, Okines A, et al. Tucatinib, trastuzumab, and capecitabine for HER2positive metastatic breast cancer. N Engl J Med. 2020;382(7):597-609. 4. Data on file. Seagen Inc.
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Follow-up safety analysis was done as part of a prespecified exploratory analysis. Results are presented as descriptive data that are not intended to provide conclusions about safety and should be
interpreted with caution.

†

T:10.75"

*Study design: HER2CLIMB was a randomized (2:1), double-blind trial of TUKYSA or placebo each in combination with trastuzumab and capecitabine in 612 patients with
HER2+ MBC, previously treated with trastuzumab, pertuzumab, and T-DM1. Primary endpoint was PFS per BICR in the first 480 patients enrolled. Secondary endpoints
assessed in the full study population included OS, PFS in patients with brain metastases, confirmed ORR, and safety.
The protocol included a prespecified exploratory analysis to evaluate OS, PFS (by investigator assessment), and safety in the total study population (N = 612) at ~2 years from
the last patient randomized. After the primary analysis, 12.9% of patients in the placebo arm (26/202) crossed over to receive TUKYSA in combination with trastuzumab and
capecitabine, with the first patient crossover in February 2020. Median overall study follow-up: 29.6 months (data cutoff: February 8, 2021). Because formal testing of all
alpha-controlled endpoints was considered final at the primary analysis, data from this prespecified updated analysis are for descriptive purposes only.1-3
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WARNINGS AND PRECAUTIONS

TUKYSA® (tucatinib) tablets, for oral use
Brief summary of Prescribing Information (PI). See full PI. Rx Only
INDICATIONS AND USAGE
TUKYSA is indicated in combination with trastuzumab and capecitabine for treatment
of adult patients with advanced unresectable or metastatic HER2-positive breast cancer,
including patients with brain metastases, who have received one or more prior
anti-HER2-based regimens in the metastatic setting.
DOSAGE AND ADMINISTRATION
Recommended Dosage
The recommended dosage of TUKYSA is 300 mg taken orally twice daily in combination
with trastuzumab and capecitabine until disease progression or unacceptable toxicity.
Advise patients to swallow TUKYSA tablets whole and not to chew, crush, or split prior to
swallowing. Advise patients not to ingest tablet if it is broken, cracked, or not otherwise intact.
Advise patients to take TUKYSA approximately 12 hours apart and at the same time each
day with or without a meal. If the patient vomits or misses a dose of TUKYSA, instruct the
patient to take the next dose at its usual scheduled time.
When given in combination with TUKYSA, the recommended dosage of capecitabine
is 1000 mg/m2 orally twice daily taken within 30 minutes after a meal. TUKYSA and
capecitabine can be taken at the same time. Refer to the Full Prescribing Information
for trastuzumab and capecitabine for additional information.
Dosage Modifications for Adverse Reactions
The recommended TUKYSA dose reductions and dosage modifications for adverse
reactions are provided in Tables 1 and 2. Refer to the Full Prescribing Information for
trastuzumab and capecitabine for information about dosage modifications for these drugs.
Table 1: Recommended TUKYSA Dose Reductions for Adverse Reactions

Severity
Diarrhea1
Grade 3 without anti-diarrheal
treatment
Grade 3 with anti-diarrheal
treatment
Grade 4
Hepatotoxicity1,2
Grade 2 bilirubin (>1.5 to 3 × ULN)

TUKYSA Dosage Modification
Initiate or intensify appropriate medical therapy.
Hold TUKYSA until recovery to ≤ Grade 1, then
resume TUKYSA at the same dose level.
Initiate or intensify appropriate medical therapy.
Hold TUKYSA until recovery to ≤ Grade 1, then
resume TUKYSA at the next lower dose level.
Permanently discontinue TUKYSA.

Hold TUKYSA until recovery to ≤ Grade 1, then
resume TUKYSA at the same dose level.
Grade 3 ALT or AST (> 5 to 20 × ULN) Hold TUKYSA until recovery to ≤ Grade 1, then
OR Grade 3 bilirubin (> 3 to 10 × ULN) resume TUKYSA at the next lower dose level.
Grade 4 ALT or AST (> 20 × ULN)
Permanently discontinue TUKYSA.
OR Grade 4 bilirubin (> 10 × ULN)
ALT or AST > 3 × ULN AND
Permanently discontinue TUKYSA.
Bilirubin > 2 × ULN
Other adverse reactions1
Grade 3
Hold TUKYSA until recovery to ≤ Grade 1, then
resume TUKYSA at the next lower dose level.
Grade 4
Permanently discontinue TUKYSA.
1. Grades based on National Cancer Institute Common Terminology Criteria for Adverse Events
Version 4.03
2. Abbreviations: ULN = upper limit of normal; ALT = alanine aminotransferase; AST = aspartate
aminotransferase

Dosage Modifications for Severe Hepatic Impairment: For patients with severe
hepatic impairment (Child-Pugh C), reduce the recommended dosage to 200 mg orally
twice daily.
Dosage Modifications for Concomitant Use with Strong CYP2C8 Inhibitors: Avoid
concomitant use of strong CYP2C8 inhibitors with TUKYSA. If concomitant use with a
strong CYP2C8 inhibitor cannot be avoided, reduce the recommended dosage to 100 mg
orally twice daily. After discontinuation of the strong CYP2C8 inhibitor for 3 elimination
half-lives, resume the TUKYSA dose that was taken prior to initiating the inhibitor.
CONTRAINDICATIONS
None.
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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.
HER2-Positive Metastatic Breast Cancer (HER2CLIMB)
The safety of TUKYSA in combination with trastuzumab and capecitabine was evaluated in
HER2CLIMB. Patients received either TUKYSA 300 mg twice daily plus trastuzumab and
capecitabine (n=404) or placebo plus trastuzumab and capecitabine (n=197). The median
duration of treatment was 5.8 months (range: 3 days, 2.9 years) for the TUKYSA arm.
Serious adverse reactions occurred in 26% of patients who received TUKYSA. Serious
adverse reactions in ≥ 2% of patients who received TUKYSA were diarrhea (4%),
vomiting (2.5%), nausea (2%), abdominal pain (2%), and seizure (2%). Fatal adverse
reactions occurred in 2% of patients who received TUKYSA including sudden death,
sepsis, dehydration, and cardiogenic shock.
Adverse reactions leading to treatment discontinuation occurred in 6% of patients who
received TUKYSA. Adverse reactions leading to treatment discontinuation of TUKYSA in
≥1% of patients were hepatotoxicity (1.5%) and diarrhea (1%). Adverse reactions leading
to dose reduction occurred in 21% of patients who received TUKYSA. Adverse reactions
leading to dose reduction of TUKYSA in ≥2% of patients were hepatotoxicity (8%) and
diarrhea (6%).
The most common adverse reactions in patients who received TUKYSA (≥20%) were
diarrhea, palmar-plantar erythrodysesthesia, nausea, fatigue, hepatotoxicity, vomiting,
stomatitis, decreased appetite, abdominal pain, headache, anemia, and rash.
Table 3: Adverse Reactions (≥10%) in Patients Who Received TUKYSA and with a
Difference Between Arms of ≥5% Compared to Placebo in HER2CLIMB (All Grades)
Adverse Reaction

TUKYSA + Trastuzumab +
Capecitabine (N = 404)
Grade (%)
All
3
4
Gastrointestinal disorders
Diarrhea
81
12
0.5
Nausea
58
3.7
0
Vomiting
36
3
0
32
2.5
0
Stomatitis 1
Skin and subcutaneous tissue disorders
Palmar-plantar
erythrodysesthesia
63
13
0
syndrome
20
0.7
0
Rash 2
Hepatobiliary disorders
42
9
0.2
Hepatotoxicity 3
Metabolism and nutrition disorders
Decreased appetite
25
0.5
0

Placebo + Trastuzumab +
Capecitabine (N = 197)
Grade (%)
All
3
4
53
44
25
21

9
3
3.6
0.5

0
0
0
0

53

9

0

15

0.5

0

24

3.6

0

20

0

0
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Table 2: Recommended TUKYSA Dosage Modifications for Adverse Reactions

ADVERSE REACTIONS

T:10.75"

Dose Reduction
Recommended TUKYSA Dosage
First
250 mg orally twice daily
Second
200 mg orally twice daily
Third
150 mg orally twice daily
Permanently discontinue TUKYSA in patients unable to tolerate 150 mg orally twice daily.

Diarrhea: TUKYSA can cause severe diarrhea including dehydration, hypotension,
acute kidney injury, and death. In HER2CLIMB, 81% of patients who received TUKYSA
experienced diarrhea, including 12% with Grade 3 diarrhea and 0.5% with Grade 4
diarrhea. Both patients who developed Grade 4 diarrhea subsequently died, with diarrhea
as a contributor to death. The median time to onset of the first episode of diarrhea was
12 days and the median time to resolution was 8 days. Diarrhea led to dose reductions of
TUKYSA in 6% of patients and discontinuation of TUKYSA in 1% of patients. Prophylactic
use of antidiarrheal treatment was not required on HER2CLIMB. If diarrhea occurs,
administer antidiarrheal treatment as clinically indicated. Perform diagnostic tests as clinically
indicated to exclude other causes of diarrhea. Based on the severity of the diarrhea, interrupt
dose, then dose reduce or permanently discontinue TUKYSA.
Hepatotoxicity: TUKYSA can cause severe hepatotoxicity. In HER2CLIMB, 8% of patients
who received TUKYSA had an ALT increase > 5 × ULN, 6% had an AST increase > 5 × ULN,
and 1.5% had a bilirubin increase > 3 × ULN (Grade ≥3). Hepatotoxicity led to dose
reduction of TUKYSA in 8% of patients and discontinuation of TUKYSA in 1.5% of patients.
Monitor ALT, AST, and bilirubin prior to starting TUKYSA, every 3 weeks during treatment,
and as clinically indicated. Based on the severity of hepatotoxicity, interrupt dose, then dose
reduce or permanently discontinue TUKYSA.
Embryo-Fetal Toxicity: Based on findings from animal studies and its mechanism of
action, TUKYSA can cause fetal harm when administered to a pregnant woman. In animal
reproduction studies, administration of tucatinib to pregnant rats and rabbits during
organogenesis caused embryo-fetal mortality, reduced fetal weight and fetal abnormalities
at maternal exposures ≥ 1.3 times the human exposure (AUC) at the recommended dose.
Advise pregnant women and females of reproductive potential of the potential risk to
a fetus. Advise females of reproductive potential to use effective contraception during
treatment with TUKYSA and for at least 1 week after the last dose. Advise male patients
with female partners of reproductive potential to use effective contraception during
treatment with TUKYSA and for at least 1 week after the last dose. TUKYSA is used in
combination with trastuzumab and capecitabine. Refer to the Full Prescribing Information
of trastuzumab and capecitabine for pregnancy and contraception information.
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Adverse Reaction

TUKYSA + Trastuzumab + Placebo + Trastuzumab +
Capecitabine (N = 404)
Capecitabine (N = 197)
Grade (%)
Grade (%)
All
3
4
All
3
4
Blood and lymphatic system disorders
21
3.7
0
13
2.5
0
Anemia 4
Musculoskeletal and connective tissue disorders
Arthralgia
15
0.5
0
4.6
0.5
0
Investigations
14
0
0
1.5
0
0
Creatinine increased5
Weight decreased
13
1
0
6
0.5
0
Nervous System Disorders
Peripheral
13
0.5
0
7
1
0
neuropathy 6
Respiratory, thoracic and mediastinal disorders
Epistaxis
12
0
0
5
0
0
1. Stomatitis includes stomatitis, oropharyngeal pain, oropharyngeal discomfort, mouth ulceration, oral
pain, lip ulceration, glossodynia, tongue blistering, lip blister, oral dysesthesia, tongue ulceration,
and aphthous ulcer
2. Rash includes rash maculo-papular, rash, dermatitis acneiform, erythema, rash macular, rash
papular, rash pustular, rash pruritic, rash erythematous, skin exfoliation, urticaria, dermatitis allergic,
palmar erythema, plantar erythema, skin toxicity, and dermatitis
3. Hepatotoxicity includes hyperbilirubinemia, blood bilirubin increased, bilirubin conjugated
increased, alanine aminotransferase increased, transaminases increased, hepatotoxicity, aspartate
aminotransferase increased, liver function test increased, liver injury, and hepatocellular injury
4. Anemia includes anemia, hemoglobin decreased, and normocytic anemia
5. Due to inhibition of renal tubular transport of creatinine without affecting glomerular function
6. Peripheral neuropathy includes peripheral sensory neuropathy, neuropathy peripheral, peripheral
motor neuropathy, and peripheral sensorimotor neuropathy

Table 4: Laboratory Abnormalities (≥20%) Worsening from Baseline in Patients
Who Received TUKYSA and with a Difference of ≥5% Compared to Placebo in
HER2CLIMB
TUKYSA + Trastuzumab
+ Capecitabine1
All Grades
Grades ≥3
%
%
3.3

51

1.5

57
47
46
43
40
36
33
28

8
1.5
8
6
0.8
6
0
2.5

45
30
27
25
25
31
6
23

7
3.1
0.5
1
0.5
5
0
2

26

0.5

17

0

1. The denominator used to calculate the rate varied from 351 to 400 in the TUKYSA arm and 173
to 197 in the control arm based on the number of patients with a baseline value and at least one
post-treatment value. Grading was based on NCI-CTCAE v.4.03 for laboratory abnormalities, except
for increased creatinine which only includes patients with a creatinine increase based on the upper
limit of normal definition for grade 1 events (NCI CTCAE v5.0).
2. Laboratory criteria for Grade 1 is identical to laboratory criteria for Grade 2.
3. Due to inhibition of renal tubular transport of creatinine without affecting glomerular function.
4. There is no definition for Grade 2 in CTCAE v.4.03.

Increased Creatinine: The mean increase in serum creatinine was 32% within the first
21 days of treatment with TUKYSA. The serum creatinine increases persisted throughout
treatment and were reversible upon treatment completion. Consider alternative markers
of renal function if persistent elevations in serum creatinine are observed.
DRUG INTERACTIONS
Effects of Other Drugs on TUKYSA
Strong CYP3A Inducers or Moderate CYP2C8 Inducers: Concomitant use of
TUKYSA with a strong CYP3A or moderate CYP2C8 inducer decreased tucatinib plasma
concentrations, which may reduce TUKYSA activity. Avoid concomitant use of TUKYSA
with a strong CYP3A inducer or a moderate CYP2C8 inducer.
Strong or Moderate CYP2C8 Inhibitors: Concomitant use of TUKYSA with a strong
CYP2C8 inhibitor increased tucatinib plasma concentrations, which may increase the
risk of TUKYSA toxicity. Avoid concomitant use of TUKYSA with a strong CYP2C8 inhibitor.
Increase monitoring for TUKYSA toxicity with moderate CYP2C8 inhibitors.

Pregnancy
Risk Summary: TUKYSA is used in combination with trastuzumab and capecitabine.
Refer to the Full Prescribing Information of trastuzumab and capecitabine for pregnancy
information. Based on findings in animals and its mechanism of action, TUKYSA can
cause fetal harm when administered to a pregnant woman. There are no available
human data on TUKYSA use in pregnant women to inform a drug-associated risk.
In animal reproduction studies, administration of tucatinib to pregnant rats and rabbits
during organogenesis resulted in embryo-fetal mortality, reduced fetal weight and fetal
abnormalities at maternal exposures ≥ 1.3 times the human exposure (AUC) at the
recommended dose. Advise pregnant women and females of reproductive potential of
the potential risk to the fetus.
Lactation
Risk Summary: TUKYSA is used in combination with trastuzumab and capecitabine.
Refer to the Full Prescribing Information of trastuzumab and capecitabine for lactation
information. There are no data on the presence of tucatinib or its metabolites in human
or animal milk or its effects on the breastfed child or on milk production. Because of
the potential for serious adverse reactions in a breastfed child, advise women not to
breastfeed during treatment with TUKYSA and for at least 1 week after the last dose.
Females and Males of Reproductive Potential
TUKYSA can cause fetal harm when administered to a pregnant woman. TUKYSA is used in
combination with trastuzumab and capecitabine. Refer to the Full Prescribing Information of
trastuzumab and capecitabine for contraception and infertility information.
Pregnancy Testing: Verify the pregnancy status of females of reproductive potential prior
to initiating treatment with TUKYSA.
Contraception:
Females: Advise females of reproductive potential to use effective contraception during
treatment with TUKYSA and for at least 1 week after the last dose.
Males: Advise male patients with female partners of reproductive potential to use
effective contraception during treatment with TUKYSA and for at least 1 week after the
last dose.
Infertility: Based on findings from animal studies, TUKYSA may impair male and
female fertility.
Pediatric Use: The safety and effectiveness of TUKYSA in pediatric patients have not
been established.
Geriatric Use: In HER2CLIMB, 82 patients who received TUKYSA were ≥ 65 years,
of whom 8 patients were ≥ 75 years. The incidence of serious adverse reactions in
those receiving TUKYSA was 34% in patients ≥ 65 years compared to 24% in patients
< 65 years. The most frequent serious adverse reactions in patients who received
TUKYSA and ≥ 65 years were diarrhea (9%), vomiting (6%), and nausea (5%). There were
no observed overall differences in the effectiveness of TUKYSA in patients ≥ 65 years
compared to younger patients. There were too few patients ≥ 75 years to assess
differences in effectiveness or safety.
Renal Impairment: The use of TUKYSA in combination with capecitabine and trastuzumab
is not recommended in patients with severe renal impairment (CLcr < 30 mL/min
estimated by Cockcroft-Gault Equation), because capecitabine is contraindicated in
patients with severe renal impairment. Refer to the Full Prescribing Information of
capecitabine for additional information in severe renal impairment. No dose adjustment is
recommended for patients with mild or moderate renal impairment (creatinine clearance
[CLcr] 30 to 89 mL/min).
Hepatic Impairment: Tucatinib exposure is increased in patients with severe hepatic
impairment (Child-Pugh C). Reduce the dose of TUKYSA for patients with severe (ChildPugh C) hepatic impairment. No dose adjustment for TUKYSA is required for patients with
mild (Child-Pugh A) or moderate (Child-Pugh B) hepatic impairment.
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Effects of TUKYSA on Other Drugs
CYP3A Substrates: Concomitant use of TUKYSA with a CYP3A substrate increased the
plasma concentrations of CYP3A substrate, which may increase the toxicity associated
with a CYP3A substrate. Avoid concomitant use of TUKYSA with CYP3A substrates,
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USE IN SPECIFIC POPULATIONS
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Hematology
Decreased hemoglobin
Chemistry
Decreased phosphate
Increased bilirubin
Increased ALT
Increased AST
Decreased magnesium
Decreased potassium 2
Increased creatinine 3
Decreased sodium 4
Increased alkaline
phosphatase

Placebo + Trastuzumab
+ Capecitabine1
All Grades
Grades ≥3
%
%

where minimal concentration changes may lead to serious or life-threatening toxicities.
If concomitant use is unavoidable, decrease the CYP3A substrate dosage in accordance
with approved product labeling.
P-glycoprotein (P-gp) Substrates: Concomitant use of TUKYSA with a P-gp substrate
increased the plasma concentrations of P-gp substrate, which may increase the toxicity
associated with a P-gp substrate. Consider reducing the dosage of P-gp substrates,
where minimal concentration changes may lead to serious or life-threatening toxicities.
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Relapsed or Refractory Diffuse
Large B-Cell Lymphoma:
“Dazed and Confused”
Meghana Kesireddy, MBBS1; Matthew A. Lunning, MD1

ABSTRACT
Diffuse large B-cell lymphoma (DLBCL) is the most common type of non-Hodgkin lymphoma. Approximately 30% to
40% of patients will develop relapsed/refractory (R/R) DLBCL, leading to significant morbidity and mortality. Salvage
chemoimmunotherapy followed by high-dose chemotherapy and autologous stem cell rescue (HDT-ASCR) is the
standard of care for chemosensitive and transplant-eligible R/R DLBCL. In patients who are ineligible for HDT-ASCR
or who fail HDT-ASCR, treatment is mostly with palliative intent. However, the recent advances with chimeric antigen
receptor T-cell (CAR-T) therapy and several FDA-approved targeted agents are changing the current landscape of R/R
DLBCL management. There is no one-size-fits-all approach, and guidance regarding optimal sequencing of subsequent
therapies is an unmet need. This review highlights the approved CAR-T constructs, including their efficacy, adverse
effects, and real-world data; bridging therapy to CAR-T; the role of emerging targeted agents, including bispecific
antibodies; and the timing of these targeted agents in relation to CAR-T therapy. Providing individualized treatment
with thoughtful sequencing of available agents is essential until future prospective randomized clinical trials provide
more insights.

Introduction
Diffuse large B-cell lymphoma (DLBCL) is the most common subtype of
non-Hodgkin lymphoma (NHL) and
accounts for 30% to 40% of all NHL
cases. The median age at diagnosis is
64 years, with 50% to 60% of patients
with DLBCL achieving and maintaining
complete remission (CR) after first-line
therapy. Approximately 10% to 15%
of patients will experience primary progressive or refractory disease, and 30%
to 40% will relapse during the first
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2 years.1 Relapses are usually diagnosed
due to the development of new symptoms
and rarely from surveillance imaging.2
In relapsed/refractory (R/R) DLBCL,
repeat biopsy should be considered to
confirm the NHL subtype, and eligibility determination for high-dose therapy
and autologous stem cell rescue (HDTASCR) is of immediate importance. If
a patient is eligible for HDT-ASCR, the
second-line age-adjusted International
Prognostic Index (IPI) score can predict the prognosis.3,4 The response to

salvage chemoimmunotherapy regimens
is lower in primary refractory disease
and early relapse, and this lower response is usually associated with poor
prognosis. In SCHOLAR-1, a large multitrial retrospective analysis, patients
with primary refractory disease had
a CR rate of only 3% with a median
survival of only 7 months.5 In the ORCHARD trial (NCT01014208), patients
with late relapse (relapse >12 months
from completion of treatment) had a
better overall response rate (ORR;
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67% vs 29%), better progression-free
survival (PFS; HR, 0.32; P < .0001),
and better overall survival (OS; HR,
0.4; P < .001) compared with patients
with primary refractory/early relapse.6
In the rituximab (Rituxan) era, only
a minority of patients will have a second-line response amenable to proceed
to consolidative HDT-ASCR.6 The tiers
of the DLBCL treatment algorithm
were previously static. Recently, however, numerous single-arm studies have
led to a flurry of FDA approvals. As a
result of these overlapping approvals,

a clinician can become “dazed and
confused” in managing R/R DLBCL.
The R/R DLBCL algorithm anticipated
to be used in the immediate future is depicted in the Figure.

“Dazed” by the Data
Chimeric antigen receptor T-cell
(CAR-T) therapy is now a fixture in
the treatment algorithm for patients
who have received 2 or more prior
lines of therapy for DLBCL. Currently,
3 CAR-T constructs are approved for
R/R DLBCL: axicabtagene ciloleucel

(axi-cel; Yescarta), tisagenlecleucel (tisa-cel; Kymriah), and lisocabtagene
maraleucel (liso-cel; Breyanzi). All approved CAR-T constructs target CD19,
with multiple products in clinical trials
and are beyond the scope of this review.
Each CAR-T therapy was approved
based on single-agent activity in the defined population of the respective registrational trial (Tables 1 and 2).
Once approved, real-world use commenced, and initial retrospective experiences were reported. The initial retrospective analysis of real-word usage of

FIGURE. Relapsed/Refractory Treatment Algorithm
R/R DLBCL
Primary refractory
(or) relapsed
< 12 months

Relapsed > 12 months

HDT-ASCR
ineligible

HDT-ASCR eligible

Chemo sensitive

2ND LINE
 Low-intensity salvage
chemotherapy
 Targeted agents

Only in patients with
CR to salvage regimen

CAR-T
therapy

 Targeted agents
 Other chemotherapy regimen
 Palliative radiation

CANCE R N ETWOR K.COM

CAR-T
therapy

 Targeted agents
 Consider HDT-ASCR (if
eligible)
 Consider HDT-allo (if eligible)
 Other chemotherapy regimen
 Palliative radiation

relapse

HDT-allo
transplant

CAR-T
therapy
ineligible

Chemo refractory

Unable to
proceed with
HDT-ASCR

HDT-ASCR

CAR-T therapy
eligible

 CAR-T therapy (3rd
line)
 Targeted agents
 Other chemotherapy
regimen

Allo, allogeneic; ASCR, autologous stem cell rescue; CAR-T, chimeric antigen receptor T-cell;
chemo, chemotherapy; CR, complete remission; DLBCL, diffuse large B-cell lymphoma; HDT,
high-dose therapy; R/R, relapsed/refractory.
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standard of care axi-cel for R/R DLBCL included 129 patients treated with
axi-cel at 17 US institutions. Approximately 40% of the patients included
would not have met the eligibility criteria
for the ZUMA-1 study (NCT02348216).
Nevertheless, the initial real-world outcomes of this series were comparable
with those of ZUMA-1, with an ORR of
82% and a CR rate of 64% at a median
follow-up of 12.9 months. The median
PFS was 8.3 months (95% CI, 6-15), and
median OS was not reached.7

Which CAR-T to Use?
Overall, around 50% of patients treated with CAR-T therapy achieve a CR.
The durability of remission also appears
similar across the 3 CAR-T products, with
the longest-term follow-up approaching

5 years. Prior reports demonstrate a
stable tail to the PFS/OS curve.
The immediate toxicity of CAR-T therapy is well documented; it includes the
incidence and all-grade severity of cytokine release syndrome (CRS) and
neurotoxicity (or immune effector cell–
associated neurotoxicity syndrome
[ICANS]). In a nonrandomized comparison, CRS and neurotoxicity appear
higher with axi-cel (92% and 67%,
respectively) compared with tisa-cel
(58% and 21%) and liso-cel (42%
and 30%). This variation is likely due
to several factors, including differences in the T-cell expansion kinetics, the
different costimulation domains, and
CRS/ICANS treatment strategies. The
relatively higher incidence of grade 3
or higher CRS with tisa-cel (JULIET

trial [NCT02445248]) could be due
to the Penn grading8 system, which
results in higher rates relative to those
calculated with the Lee criteria,9
which were used in TRANSCEND
(NCT02631044; liso-cel) and ZUMA-1
(axi-cel). Hence, the use of liso-cel or
tisa-cel may be more appealing for
patients who have increased risk for
CRS or limited reserve to tolerate the
toxicity of CRS; careful outpatient administration in selected patients could
also be considered.10
More patients are likely to be eligible to receive CAR-T products than
HDT-ASCR. There is no upper age limit set for any CAR-T construct. Many
patients with moderate comorbidities
who may be at high risk for HDT-ASCR’s toxicities or who are ineligible for

TABLE 1. Patient Characteristics and Efficacy Outcomes of Phase 2 Trials Leading to Approval of CAR-T
Therapy for R/R DLBCL
Axi-cel: ZUMA-113,37
Disease type

• DLBCL: 76%
• Transformed follicular
lymphoma: 16%

• Primary mediastinal B-cell

Tisa-cel: JULIET16,17

• DLBCL: 79%
• Transformed follicular lymphoma: 19%
• Other: 2%

lymphoma: 8%

Liso-cel: TRANSCEND11

•
•
•
•
•

DLBCL: 51%
Transformed DLBCL: 29%
High-grade B-cell lymphoma: 13%
Primary mediastinal B-cell
lymphoma: 6%
Follicular lymphoma, grade 3: 1%

Median age, y (range)

58 (23-76)

56 (22-76)

63 (54-70)

Median No. of prior therapies

3

3

3

% patients with prior stem
cell transplant

21%

49%

33%: autologous
3%: allogeneic

Lymphodepleting therapy

Fludarabine 30 mg/m2 × 3 days
and cyclophosphamide
500 mg/m2 × 3 days

Fludarabine 125 mg/m2 × 3 days and
cyclophosphamide 250 mg/m2 × 3 days
(in 73% of patients) or bendamustine
90 mg/m2 × 2 days (in 20% of patients)

Fludarabine 30 mg/m2 × 3 days and
cyclophosphamide 300 mg/m2 × 3 days

CAR T-cell dose

2 × 106 cells/kg body weight

0.6-6.0 × 108 cells

Median dose 91 × 106 cells

Median time for CAR T-cell
preparation

17 days
(time from leukapheresis to
delivery of axi-cel to treatment
facility)

54 days
(time from enrollment to infusion
of tisa-cel)

37 days
(time from leukapheresis to infusion
of liso-cel)

ORR

83%
(CR, 58%; PR, 25%)

53%
(CR, 39%; PR, 13%)

73%
(CR, 53%; PR, 20%)

Median DOR, m

11.1 (4.2-NR)

NR (at median follow-up of 40.3 m)

NR (at median follow-up of 12 m)

Median PFS, m

5.9 (95% CI, 3.3-15)

2.9 (95% CI, 2.3-5.2)

6.8 (95% CI, 3.3-14.1)

Median OS, m

25.8 (after median follow-up of
4 y); 4-y OS rate, 44%

11.1 (95% CI, 6.6-23.9) after median followup of 40.3 mo

21.1 (95% CI, 13.3-NR)

CAR-T, chimeric antigen receptor T-cell; CR, complete response; DLBCL, diffuse large B-cell lymphoma; DOR, duration of response; liso-cel, lisocabtagene
maraleucel; m, months; NR, not reached; ORR, overall response rate; OS, overall survival; PFS, progression-free survival; PR, partial response; R/R, relapse/
refractory; tisa-cel, tisagenlecleucel; y, years.
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TABLE 2. Safety Data of Phase 2 Trials Leading to Approval of CAR-T Therapy for R/R DLBCL
Axi-cel: ZUMA-113

Tisa-cel: JULIET16,17

Liso-cel: TRANSCEND11

Patients in safety
assessment, N

108

111

269

Most common AEs

Pyrexia: 87%
Anemia: 68%
Hypotension: 58%

CRS: 57%
Anemia: 48%
Pyrexia: 36%

Neutropenia: 63%
Anemia: 48%
Fatigue: 44%

Most common grade > 3 AEs

Anemia: 46%
Neutropenia: 39%
Febrile neutropenia: 33%

Anemia: 39%
Neutropenia: 33%
Leucopenia: 31%

Neutropenia: 60%
Anemia: 37%
Thrombocytopenia: 27%

Any-grade CRS

92%

58%

42%

Grade > 3 CRS

11%

23%

2%

Median time to CRS onset
(range), days

2 (1-12)

3 (within 9 in all patients)

5 (1-14)

Median time to CRS
resolution (range), days

8 (1-17)

7 (5-9)

5 (1-17)

Any-grade neurotoxicity

67%

21%

30%

Grade > 3 neurotoxicity

33%

12%

10%

Median time to neurotoxicity
onset (range), days

5 (1-17)

6 (1-17)

9 (1-66)

Median time to neurotoxicity
resolution (range), days

17

13 (5-36)

11 (1-86)

Prolonged cytopenia (lasting
> 28 days)

Thrombocytopenia: 33%
Neutropenia: 22%
Anemia: 20%

45%

37%

Hypogammaglobulinemia

15%

9%

14%

Rx-related deaths, n

2

0

6

Causes of Rx-related deaths
(number of patients)

Hemophagocytic
lymphohistiocytic syndrome (1),
cardiac arrest (1)

No deaths attributed to treatment

Diffuse alveolar damage (1),
pulmonary hemorrhage (1), multiple
organ dysfunction syndrome (1),
cardiomyopathy (1),
septic shock (2),
fludarabine-associated
leukoencephalopathy (1)

AE, adverse event; axi-cel, axicabtagene ciloleucel; CAR-T, chimeric antigen receptor T-cell; CRS, cytokine release syndrome; liso-cel, lisocabtagene maraleucel;
Rx, prescription drug; tisa-cel, tisagenlecleucel.

HDT-ASCR may safely receive CAR-T
therapy. The TRANSCEND study
included patients with moderate comorbidities of renal dysfunction (creatinine
clearance, > 30 to < 60 mL/min), cardiac
dysfunction (left ventricular ejection
fraction, ≥40% to <50%), low absolute
lymphocyte count (no minimum count
required), and secondary central nervous system involvement. Patients older
than 65 years and patients with moderate comorbidities achieved response
rates and safety outcomes comparable
with those of patients younger than
65 years and those with no comorbidities; the ORR was 75.9% for those older
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than 65 years vs 70.3% in those younger
than 65 years.11

“Dazed” During the
Brain-to-Vein Yet Confident
in the Vein-to-Vein
The Achilles heel of CAR-T therapy is
time: This includes not only the complex
manufacturing process that results in a
prolonged time from leukapheresis to the
infusion of CAR-Ts (vein-to-vein) but the
time it takes from the decision to proceed
to CAR-T to actual apheresis (brain-tovein). Although the vein-to-vein time is
reliably measurable, both in and outside
clinical trials, the brain-to-vein time is

subject to institutional interpretation
and less likely to be universally reported.
The fastest vein-to-vein time was with
axi-cel at 17 days in the ZUMA-1 trial,
and this appears to be consistent with
the real-world experience. The vein-tovein time was a median of 37 days with
liso-cel in the TRANSCEND trial, but it
appears to be shorter in the commercial
environment. The longest vein-to-vein
time was with tisa-cel at a median of 54
days. However, these data were affected
by the fact that in manufacturing tisa-cel,
the postapheresis product is frozen and
used when needed or when the CAR-T
manufacturing slots are available; this
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TABLE 3. Patient Characteristics, Efficacy Outcomes, and Safety Data of Phase 3 Trials Evaluating CAR-T Therapy
in the Second-line Setting for High-Risk R/R DLBCL (Primary Refractory and Relapsed Within 12 Months)
ZUMA-718
Axi-cel vs standard care

BELINDA19
Tisa-cel vs standard care

TRANSFORM20
Liso-cel vs standard care

Patients, n

108

111

269

Disease type

• DLBCL NOS: 70% vs 67%
• Transformed follicular lymphoma:

• DLBCL NOS: 58% vs 53%
• Transformed indolent NHL: 8%

• DLBCL NOS: 62.3% vs 70%
• Transformed indolent lymphoma:

11% vs 15%

• High-grade B-cell lymphoma
(double- or triple-hit or NOS): 17%
vs 15%

vs 9%

• High grade B-cell lymphoma:
24% vs 23%

16.7% vs 13.8%

• High-grade B-cell lymphoma
(double-hit or triple-hit or NOS):
24.1% vs 16.9%

Median age, y

58 vs 60

60 vs 58

59.5 vs 58

Primary refractory disease

74% vs 73%

73% vs 74%

66% vs 67%

Relapse ≤ 12 m after
first-line therapy

26% vs 27%

27% vs 26%

34% vs 33%

Actually received CAR-T vs
actually received HDT-ASCR

170 (94%) vs 64 (36%)

90 (98%) vs 43 (47%)

95.7% vs 32.5%

Bridging therapy for CAR-T

65 patients (36%); only glucocorticoids

58 patients (63%)

135 patients (83.3%)

Median time to CAR-T infusion
(after randomization)

29 days

NRep

52 days

Median EFS, m

8.3 vs 2 (HR, 0.4; P < .001) at median
follow-up of 24.9

10.1 vs 2.3 (HR, 0.349; P < .0001)

3 vs 3 (HR, 1.07, P = .61)
Did not meet the primary end point

Median PFS, m

14.7 vs 3.7 (HR, 0.49; 95% CI, 0.37-0.65)

14.8 vs 5.7
(HR, 0.406; P = .0001)

NRep

Median OS

NR vs 25.7 (HR, 0.70; 95% CI, 0.5-0.9)
2-year OS: 61% vs 52%

NR vs 16.4
(P = .0257)

OS data immature at data cut-off; HR
for death, 1.24 (95% CI, 0.83-1.85)

ORR

83% vs 50%

70% vs 44%

46.3% vs 42.5%

CR rate

65% vs 32%

61% vs 36%

28.4% vs 27.5%

Grade ≥ 3 AEs

91% vs 83%

92% vs 87%

84% vs 90%

Any-grade CRS

92% vs 0%

49% vs NRep

61.3% vs NRep

Grade ≥ 3 CRS

6% vs 0%

0.01% (n = 1) vs NRep

5.2% vs NRep

Any-grade neurotoxicity

60% vs 21%

12% vs NRep

10.3% vs NRep

Grade ≥ 3 neurotoxicity

21% vs 1%

4% vs NRep

1.9% vs NRep

AE, adverse event; axi-cel, axicabtagene ciloleucel; CAR-T, chimeric antigen receptor T-cell; CR, complete response; CRS, cytokine release syndrome; DLBCL,
diffuse large B-cell lymphoma; EFS, event-free survival; HDT-ASCR, high-dose chemotherapy and autologous stem cell rescue; liso-cel, lisocabtagene maraleucel; m, months; NHL, non-Hodgkin lymphoma; NOS, not otherwise specified; NR, not reached; NRep, not reported; ORR, overall response rate; OS, overall
survival; PFS, progression-free survival; R/R, relapsed/refractory; tisa-cel, tisagenlecleucel; y, years.

is unlike the manufacturing processes of
axi-cel and liso-cel, which utilize fresh,
not frozen, apheresis products.12
In the commercial environment, brainto-vein time is crucial because many
patients have rapidly evolving disease.
If we could account for this period, the
efficacy outcomes of CAR-T therapy are
likely to be inferior, but data to substantiate this are lacking. Also lacking are
essential data on the best intensive salvage strategies in the setting of multiply
refractory disease; these intensive salvage
strategies may cause significant toxicity
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and decline in ECOG performance score
without disease control.
Classically, bridging therapy has been
defined in studies as treatment administered within the vein-to-vein time.
In the ZUMA-1 trial, bridging therapy was not allowed during this time.13
However, in the real-world axi-cel
series of 276 patients,14 53% of patients
received bridging therapy with a full
spectrum of therapies, including steroid
monotherapy in 24%, chemotherapy in
50%, localized radiation in 16%, and
targeted therapies in 10%. Compared

with patients in the non–bridging therapy cohort, patients in the bridging
therapy cohort had poor OS (P = .001)
and poor lymphoma-specific survival
(P = .019), and they were more likely to
have an ECOG score of 2 or more (24.8%
vs 6.1%), IPI score of 3 or greater (67.6%
vs 34.3%), and double- or triple-hit
lymphoma (42.5% vs 24.6%). The results of another retrospective axi-cel
analysis were similar15: It included 148
patients, of whom 55% received bridging therapy. Compared with those who
did not receive bridging therapy, those
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who did had worse 1-year PFS (21%
vs 40%) and worse 1-year OS (48% vs
65%); however, patients bridged with
radiation had better PFS compared with
those bridged with systemic therapy
(P < .01).15 All patients bridged with radiation received CAR-T therapy compared with only 74% of patients bridged
with systemic therapy. There were no
deaths in those bridged with radiation
compared with 7 deaths in those bridged
with systemic therapy. It is possible this
could be due to more limited disease in
patients selected for radiation bridging.
This retrospective analysis suggests the
potential role of bridging radiation therapy, but prospective studies are needed
to confirm these findings and potentially
determine the optimal timing, field, and
dose of radiation.
In the JULIET trial,16,17 bridging therapy was allowed. Given the unique manufacturing process within JULIET, 92%
of patients received bridging therapy,
with combinations of rituximab (54%),
gemcitabine (40%), etoposide (26%),
dexamethasone (25%), cisplatin (19%),
cytarabine (19%), ibrutinib (Imbruvica;
9%) and lenalidomide (Revlimid; 7%).
The outcomes were poor in those with
bridging therapy vs no bridging, and
the 12-month PFS rates were 32% and
61%, respectively.
In the TRANSCEND trial,11 bridging
therapy was also allowed, but reconfirmation of PET-positive disease before
lymphodepleting chemotherapy was
required. Of the 59% of patients who
received bridging therapy, 88% received
systemic therapy alone, 4% radiotherapy
alone, and 8% received both. The most
used systemic therapy was rituximab
with or without gemcitabine-oxaliplatin
(19%). Bridging therapy did not result in
a lower tumor burden in most patients.
Compared with those who did not
receive bridging therapy, those who did
had poorer outcomes: ORR, 67.3%
vs 80.2%; median PFS, 5 months vs
14.1 months; median OS, 12.7 months
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vs not reached. Patients who received
bridging therapy also had higher
incidence of grade 3 or higher adverse
events (AEs; 86% vs 69%), CRS (51%
vs 3%), grade 3 or higher CRS (3% vs
0.9%), neurological events (33% vs
24.5%), and grade 3 or higher neurotoxicity (13% vs 5.5%).
Across all CAR-T trials, those who
received bridging therapy had worse
outcomes and increased toxicity. Having some decrease in lymphoma tumor
burden after bridging therapy is associated with results that are slightly better
than in those with no response or progressive disease after bridging therapy.
Poor outcomes in these patients could
be due to aggressive disease with higher tumor burden rather than bridging
therapy itself; alternatively, bridging
therapy might alter the host or tumor
microenvironment, such that CAR-T
efficacy is affected.

“Confused” About When to
Use CAR T-Cell Therapy
Given the durable responses to CAR-T
therapy, the obvious question is whether moving CAR-T therapy up in the
treatment algorithm to the second line
could lead to better efficacy outcomes
than the current standard of care (SOC)
of salvage chemotherapy followed by
HDT-ASCR. Three phase 3 trials—
ZUMA-7 (NCT03391466; axi-cel),18
BELINDA (NCT03570892; tisa-cel),19
and TRANSFORM (NCT03575351;
liso-cel)20—randomized patients, all refractory or relapsed within 12 months
of first-line treatment with a CD20 antibody and an anthracycline-containing
regimen, to either CAR-T therapy or
SOC (salvage chemotherapy followed
by HDT-ASCR; Table 3).
ZUMA-7 and TRANSFORM both
met their primary end point of improved
event-free survival; although the OS
benefits (at the interim analyses) remain
immature, there was a trend toward improved OS in both. However, BELINDA

REVIEW

was a negative trial, and it is unclear if
this discordant result was due to differences in baseline patient characteristics
(ie, higher-risk patients), differences
in bridging therapy (i.e., highest use
of bridging therapy was in BELINDA
with 83% of patients received bridging
therapy), or longer vein-to-vein time
for CAR-T infusion. Currently, FDA
approval for the use of axi-cel or liso-cel in the second-line setting for this
patient population (R/R at >12 months)
is pending but expected soon. Studies
would be necessary to compare CAR-T
therapy with HDT-ASCR in patients
who relapse after 12 months from firstline treatment.

“Confused” When to Use
Emerging Therapies
Like CAR-T therapies, several non–
CAR-T therapies have been approved
for use in R/R DLBCL based on single-arm trials and small phase 2 randomized trials. It is important to note
that both tafasitamab (Monjuvi) and
loncastuximab tesirine (Zynlonta) engage CD19, the same tumor-associated
antigen targeted by CAR-T therapies.
How the efficacy of CAR-T therapy may
be altered by perturbation of CD19 prior to CAR-T is unlikely to be studied
prospectively, and limited retrospective
data are likely to emerge. Furthermore,
as noted above, these targeted agents
were not used as a bridging therapy in
the clinical trials leading to CAR-T therapy approval. Currently, we have limited
data in the brain-to-vein or vein-to-vein
time. In vitro testing has shown that targeting CD19 with the monoclonal antibody tafasitamab did not impair CD19
CAR-T activity.21 Nevertheless, the targeted therapies discussed below, with an
expanded list of attributes in Table 4,
provide a confusing sequence of treating
R/R DLBCL. It is logistically easier to
administer targeted therapies than
CAR-T therapy, because the former
are available to be used “off the shelf”
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compared with the time-consuming,
complex manufacturing process involved with CAR-T.
Tafasitamab promotes cell death
through enhanced antibody-dependent
cellular cytotoxicity and phagocytosis.
As a single agent, tafasitamab demonstrated clinical activity in patients with
R/R DLBCL in a phase 2a study,22 with
an ORR of 26% and CR rate of 6% in
a limited population. Combinatorial
studies demonstrated in vitro synergy
with lenalidomide, leading to the combination of tafasitamab and lenalidomide (tafa-len).23 The L-MIND study
(NCT02399085)24 was a phase 2, single-arm trial in patients with R/R DLBCL who were ineligible for HDT-ASCR.
Participants received tafasitamab at 12
mg/kg intravenously (IV) on days 1, 4
(first cycle only), 8, 15, and 22 of each
28-day cycle for 3 cycles, and then on
days 1 and 15 of each subsequent 28day cycle. The lenalidomide was dosed
at 20 mg daily on days 1 to 21 of each

cycle for a maximum of 12 cycles. After
12 cycles, tafasitamab was continued
every 2 weeks to those achieving clinical
benefit. This study excluded participants
with any of the following: double-hit or
triple-hit lymphoma, previous treatment
with anti-CD19 therapy, prior exposure
to lenalidomide analogues, or creatinine
clearance less than 60 mL/min. With a
long-term follow-up of 24 months or
more after the last patient enrolled, the
ORR was 57.5%, with 40% achieving a
CR. The median time to initial response
was 2 months, and the median duration
of response (DOR) was 34.6 months.
The median OS was 33.5 months at a median follow-up of 42.7 months. The most
common grade 3 or higher AEs were neutropenia (48%) and thrombocytopenia
(17%); the latter appeared to diminish
after completion of the lenalidomide.24,25
Loncastuximab tesirine is a CD19directed antibody-drug conjugate
(ADC) with a pyrrolobenzodiazepine
dimer payload that leads to interstrand

DNA cross-links and cell death after
being internalized. FDA approval of
loncastuximab tesirine was based on
the phase 2, single-arm LOTIS-2 trial (NCT03589469), which evaluated
its efficacy in 145 patients with R/R
DLBCL who had received at least 2 prior systemic therapies. Participants had
to have proven CD19 expression if a
prior CD19-directed therapy was used,
including CAR-T. The trial excluded
patients with bulky disease (>10 cm in
longest dimension). Loncastuximab tesirine was given at a dose of 150 µg/kg
every 21 days for 2 cycles, followed by
75 µg/kg every 21 days for up to 1 year;
maintenance consisted of 75 µg/kg every
3 months for up to 3 years. The ORR
was 48.3%, with a CR rate of 24%. The
median time to response was 41 days;
median DOR was 10.3 months. The
median DOR was 13.4 months for patients achieving a CR. The median PFS
and OS were 4.9 months and 9.9 months,
respectively. The most common grade 3

TABLE 4. Patient Characteristics and Efficacy Outcomes of Targeted Therapies
Tafasitamablenalidomide
(L-MIND)24,25
Patients, N

81

Loncastuximab
(LOTIS-2)26
145

Polatuzumab vedotin/BR (randomized)
vs polatuzumab vedotin/BR (extension
cohort) vs BR (randomized) 28,29

Lenalidomide/
rituximab38

40 vs 106 vs 40

45

Selinexor39
127

Median age (range), y

72 (62-76)

66 (56-71)

67 (33-86) vs 70 (24-94) vs 71 (30-84)

66 (24-84)

67 (35-87)

ORR

57.5%

48.3%

42.5% vs 41.5% vs 17.5%

33%

28%

Median PFS, m

11.6

4.9

9.2 vs 6.6 vs 3.7

3.7

2.6

Median OS, m

33.5

9.9

12.4 vs 12.5 vs 4.7

10.7

9.1

Median DOR, m

34.6

10.3

10.9 vs 9.5 vs 10.6

10.2

9.3

Intermediate-high/high IPI

51%

NA

55% vs 66% vs 72.5%

NA

NA

Prior transplant

11%

14%: autologous
1%: allogeneic

25% vs 16% vs 15%

20%

30%

Primary refractory

19%

20%

53% vs 60% vs 70%

NA

33%

Refractory to prior therapy

49%

58%

75% vs 76% vs 83%

NA

NA

Double-/triple-hit

0% (excluded)

10%

0% vs 5% vs 0%
(excluded in the randomized groups)

NA

4%
(data missing
for 30%)

Transformed lymphoma

9%

20%

0% (excluded)

20%

24%

Median No. of prior lines of
therapy (range)

2 (1-4)

3 (2-4)

2 (1-7) vs 2 (1-7) vs 2 (1-5)

3 (1-4)

2 (2-3)

BR, bendamustine plus rituximab; DOR, duration of response; IPI, International Prognostic Index; m, months; NA, not available; ORR, overall response rate;
OS, overall survival; PFS progression-free survival; y, years.
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TABLE 5. Patient Characteristics, Efficacy Outcomes, and Safety Data of BiTE Antibodies
Mosunetuzumab32
Clinical trial phase

1/1b

Glofitamab33
1

Odronextamab35

Epcoritamab34

Plamotamab40

1

1/2

1

DLBCL

DLBCL

aNHL+ iNHL

PATIENT CHARACTERISTICS and EFFICACY in the specified subset of patients
Subset

aNHL

Patients, N

aNHL: 129
• DLBCL: 82
• Transformed lymphoma: 32
• FL grade 3B: 1

aNHL: 127
• DLBCL: 73
• Transformed lymphoma: 29
• Richter transformation: 10

71

46

80

Median age (range), y

63 (19-91)

64 (22-85)

NRep

68 (55-74)

62 (32-89)

Prior CAR-T therapy, n (%)

15 (11.6%)

3 (1.8%)

25 (35%)

5 (11%)

16 (20%)

Prior HDT-ASCR, n (%)

44 (34.1%)

41 (24%)

NRep

7 (15%)

NRep

ORR

• 35%
• In all NHL (aNHL + iNHL)

48%

• Without prior

68%

• All NHL:

•

with prior CAR T (n = 19):
ORR, 36.8%

CAR-T: 60%
With prior
CAR-T: 33%

43.4%

• DLBCL:
38.2%

• All NHL with
prior CAR-T:
25%
CR rate

19%

33%

• Without prior
•

Median DOR, m (range)

7.6 (5.6-22.8)

5.5 (4.4-NE)

• Without prior
•

45%

NRep

NRep

NRep

CAR-T: 60%
With prior
CAR-T: 24%
CAR-T: 10.3
(2.9-18.6+)
With prior
CAR-T: 2.8 (018.9+)

Median DOR for complete
responders, m

22.8 (95% CI, 7.6-NE)

NR

NRep

NRep

NRep

PFS, m

NRep

2.9 (95% CI, 2.13.9)

NRep

9.1 (1.6-NE)

NRep

SAFETY PROFILE (includes all patients in the trial: aNHL + iNHL)
Patients, N

197

171

127

68

80

Grade ≥ 3 AEs

71.1%

56.7%

NRep

NRep

NRep

Most common AEs
(any grade)

• Neutropenia: 28%
• CRS: 27%
• Hypophosphatemia: 23%

• CRS: 50.3%
• Infection: 51.5%
• Neurological events: 43.3%

• Pyrexia: 76%
• CRS: 62%
• Chills: 48%

• Pyrexia: 68%
• CRS: 59%
• Injection-site

• CRS: 62.5%
• Other: NRep

Any-grade CRS

27%

50.3%

62%

59%

62.5%

Grade ≥ 3 CRS

1%

3.5%

7%

0%

5%

Grade ≥ 3 neurologic
toxicities (ICANS-like)

1%

NRep

2.3%

6%

0%

reaction: 47%

AE, adverse event; aNHL, advanced non-Hodgkin lymphoma; BR, bendamustine plus rituximab; CAR-T, chimeric antigen receptor T-cell; CRS, cytokine release
syndrome; CR, complete remission; DLBCL, diffuse large B-cell lymphoma; DOR, duration of response; FL, follicular lymphoma; HDT-ASCR, high-dose chemotherapy and autologous stem cell rescue; ICANS, immune effector cell–associated neurotoxicity syndrome; IPI, International Prognostic Index; iNHL, indolent
non-Hodgkin lymphoma; m, months; NA, not available; NE, not evaluable; NR, not reached; NRep, not reported; ORR, overall response rate; OS, overall survival;
PFS progression-free survival.
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or higher AEs were neutropenia (26%), with BR alone in transplant-ineligible
thrombocytopenia (18%), and elevated R/R DLBCL.28,29 Forty patients received
bendamustine at 90 mg/m2 IV on days 1
γ-glutamyl transferase (17%).26
Given the allowance of prior CD19 and 2 plus rituximab at 375 mg/m2 IV
agents, loncastuximab tesirine could
on day 1 of every 21-day cycle for up to
be used as a potential bridge to CAR-T
6 cycles, although another 40 patients
therapy or consolidative transplant. received polatuzumab at 1.8 mg/kg IV
In the LOTIS-2 trial, 3% of patients on day 1 of every 21-day cycle in addihad subsequent autologous stem cell tion to BR on the same schedule as the
transplant, 3% had allogeneic stem cell
other cohort. The polatuzumab/BR arm
transplant, and 10% received subse- had a higher ORR (42.5% vs 17.5%,
quent CD19-directed CAR-T therapy. respectively), higher CR rate (40% vs
17.5%; P = .026), longer median PFS
Forty-seven percent of the patients who
(9.2 vs 3.7 months; HR, 0.39; 95% CI,
received subsequent CAR-T therapy had
a 40% CR rate, and CD19 expression
0.23-0.66), and longer median OS (12.4
was present in all patients who were
vs 4.7 months; HR, 0.42; 95% CI, 0.240.72). The benefit was seen regardless of
biopsied. This could suggest that CD19
the number of prior lines of therapy, age,
antigen loss after loncastuximab tesirine
exposure is less common and perhaps
IPI score, presence of bulky disease, and
not a resistance mechanism to CAR-T
reported cell of origin. Polatuzumab/BR
therapy. Only 9% of the participants had increased toxicity compared with
in the LOTIS-2 trial had received pri- BR alone with higher rates of grade 3/4
or CAR-T therapy, and their ORR was
neutropenia (46.2% vs 33.3%), grade
46.2%, which was comparable with 3/4 anemia (28.2% vs 17.9%), grade 3/4
the ORR of 48% in the group who did
thrombocytopenia (41% vs 23.1%), and
not receive prior CD19-directed CAR-T
rates of peripheral neuropathy (43.6%
vs 7.7%). There were similar rates of
therapy. Thus, loncastuximab tesirine
could be used before and after CAR-T
grade 3/4 infections (23.1% vs 20.5%).
therapy and likely should not
Of note, all neuropathies in both
groups were grade 1/2, with reshinder moving toward CAR-T
therapy.
olution or improvement in all
Polatuzumab vedotin is a
cases after discontinuation. After
CD79b-directed ADC with a
positive results with polatuzummonomethyl auristatin E pay!"#$%&'()%% ab/BR in the randomized phase,
load. The efficacy of polatuan additional 106 patients re*+,-.$%
zumab/rituximab was studied
ceived polatuzumab/BR in a sin.$(/"012
in the phase 2 ROMULUS
gle-arm extension cohort. OverSubscribe
today!
all efficacy in this polatuzumab/
study (NCT01691898)27 in R/R
NHL. Thirty-nine participants
BR extension cohort is similar
to that of the polatuzumab/BR
received polatuzumab dosed
at 2.4 mg/kg plus rituximab 375 mg/m2 randomized cohort, with no new safety
every 21 days. The ORR was 56% with
signals or concerns (results summarized
15 CRs; the median PFS was 5.4 months. in Table 4).29
The most frequent AEs were neutropenia,
Given the high ORR and non-CD19
perturbation, there has been signifiperipheral neuropathy, and diarrhea.
Polatuzumab was subsequently com- cant interest in the use of polatuzumbined with the commonly used combi- ab-based regimens as a bridge to CAR-T
nation of bendamustine and rituximab therapy. A recent retrospective analysis
(BR) in a small, randomized phase 2
assessed the efficacy of polatuzumtrial that compared polatuzumab/BR ab-based regimens as a bridge to CAR-T
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therapy in 41 patients (patients received
either polatuzumab/BR, polatuzumab/
rituximab, polatuzumab monotherapy,
or polatuzumab/rituximab/cyclophosphamide/doxorubicin). Twenty-eight of
41 (68%) patients successfully received
CAR T-therapy; the 12-month OS in
those who received CAR-T therapy
was 58.5%, calculated from the time
of polatuzumab initiation. Regarding
the adequacy of apheresis, among the
10 patients treated with polatuzumab/
BR who underwent apheresis, 1 patient
required a second leukapheresis and
1 patient had failed repeated leukapheresis.30 The lymphotoxic effects of
bendamustine had led to the concern of
inadequate or limited ability to manufacture CAR-T products if bendamustine is
used prior to apheresis. Hence, polatuzumab monotherapy or a polatuzumab/
rituximab combination could be used for
bridging during the brain-to-vein period
in relatively stable patients who need
bridging and, if needed, polatuzumab/BR
could be used for bridging after apheresis.

Authors’ Opinion on the Future
Direction of the R/R DLBCL
Landscape
The R/R DLBCL therapeutics landscape
is changing rapidly. The first CAR-T
therapy, axi-cel, was approved in 2017
for R/R DLBCL in the third-line setting.
It is expected that CAR T-cell therapy
will be approved in the second-line setting for high-risk R/R DLBCL (ie, R/R
<12 months). The clinical trials involving
bispecific T-cell engager (BiTE) antibodies, with promising activity in phase 1/2
trials in heavily pretreated patients, is
exciting; CRs have been seen in patients, including those who received prior CAR-T therapy. BiTE antibodies are
innovative immunotherapy drugs that
activate the immune T-cell activity by
binding the antigen on the tumor cells
and the antigen on the T cells. Currently, 5 CD20 (tumor cell antigen)/CD3
(T-cell antigen) BiTE antibodies are
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being studied in phase 1 and 2 trials in
patients with R/R NHL, including R/R
DLBCL (Table 5).31-35 BiTE antibodies
are likely to be approved, expanding the
armamentarium of treatment options for
R/R DLBCL.
All the targeted agents are currently
being used in later lines of therapy, but in
several ongoing and planned trials these
agents are moved up earlier in the disease course, including to the newly diagnosed setting. The recent POLARIX trial
(NCT03274492)36 showed improved
PFS with polatuzumab/R-CHP (rituximab, cyclophosphamide, doxorubicin,
and prednisone) compared with the current SOC R-CHOP (rituximab, cyclophosphamide, doxorubicin, vincristine,
and prednisone) in patients with newly
diagnosed high-risk IPI DLBCL; the PFS
was 76.7% vs 70.2%, respectively, after
a median follow-up of 28.2 months (HR,
0.73; 95% CI, 0.57-0.95), with a similar
safety profile in both arms. This was the
first positive trial in the first-line DLBCL
setting in almost 20 years. Once polatuzumab/R-CHP is approved and patients
are treated with this regimen in the firstline setting, physicians will be hesitant
about reusing polatuzumab once the
patient relapses, especially with several
alternative treatment options available.
Undoubtedly, the treatment strategies
of both newly diagnosed DLBCL and R/R
DLBCL will look quite different in the next
few years.With multiple treatment options
available—which could be used in different lines of treatment—among the biggest
challenges are knowing the best sequencing of these agents, and if (and when) patients could be rechallenged with the same
treatment if needed. Long-term clinical trial data together with real-world outcomes
will help inform treatment decisions. 
DISCLOSURE: MK has no conflicts or disclosures.

MAL receives consultancy fees from AbbVie,
Acrotech, ADC Therapeutics, Astellas, AstraZeneca,
Bristol Myers Squibb, Daiichi Sankyo, EUSA Pharma,
Fate Therapeutics, Genentech, Kite, Instil Bio,
MorphoSys, Nurix, Sana Pharma, TG Therapeutics.

CANCE R N ETWOR K.COM

AUTHOR AFFILIATIONS:

Department of Hematology and Oncology, University
of Nebraska Medical Center, Omaha, Nebraska.

1

KEY REFERENCES
1. Larouche J-F, Berger F, Chassagne-Clément C, et
al. Lymphoma recurrence 5 years or later following
diffuse large B-cell lymphoma: clinical characteristics
and outcome. J Clin Oncol. 2010;28(12):2094-2100.
doi:10.1200/JCO.2009.24.5860
2. El-Galaly TC, Jakobsen LH, Hutchings M, et al. Routine
imaging for diffuse large B-cell lymphoma in first complete
remission does not improve post-treatment survival: a
Danish-Swedish population-based study. J Clin Oncol.
2015;33(34):3993-3998. doi:10.1200/JCO.2015.62.0229
3. Hamlin PA, Zelenetz AD, Kewalramani T, et al.
Age-adjusted International Prognostic Index predicts
autologous stem cell transplantation outcome for patients
with relapsed or primary refractory diffuse large B-cell
lymphoma. Blood. 2003;102(6):1989-1996. doi:10.1182/
blood-2002-12-3837
4. Perales M-A, Jenq R, Goldberg JD, et al. Secondline age-adjusted International Prognostic Index in
patients with advanced non-Hodgkin lymphoma after
T-cell depleted allogeneic hematopoietic SCT. Bone
Marrow Transplant. 2010;45(9):1408-1416. doi:10.1038/
bmt.2009.371
5. Crump M, Neelapu SS, Farooq U, et al. Outcomes
in refractory diffuse large B-cell lymphoma:
results from the international SCHOLAR-1 study.
Blood.
2017;130(16):1800-1808.
doi:10.1182/
blood-2017-03-769620
6. van Imhoff GW, McMillan A, Matasar MJ,
et al. Ofatumumab versus rituximab salvage
chemoimmunotherapy in relapsed or refractory
diffuse large B-cell lymphoma: the ORCHARRD
study. J Clin Oncol. 2017;35(5):544-551. doi:10.1200/
JCO.2016.69.0198
7. Nastoupil LJ, Jain MD, Feng L, et al. Standard-of-care
axicabtagene ciloleucel for relapsed or refractory large
B-cell lymphoma: results from the US Lymphoma CAR
T Consortium. J Clin Oncol. 2020;38(27):3119-3128.
doi:10.1200/JCO.19.02104
8. Schuster SJ, Maziarz RT, Rusch ES, et al. Grading
and management of cytokine release syndrome in
patients treated with tisagenlecleucel in the JULIET
trial. Blood Adv. 2020;4(7):1432-1439. doi:10.1182/
bloodadvances.2019001304
9. Lee DW, Gardner R, Porter DL, et al. Current concepts
in the diagnosis and management of cytokine release
syndrome. Blood. 2014;124(2):188-195. doi:10.1182/
blood-2014-05-552729.
10. Bachier CR, Godwin JE, Andreadis C, et al. Outpatient
treatment with lisocabtagene maraleucel (liso-cel)
across a variety of clinical sites from three ongoing
clinical studies in relapsed/refractory (R/R) large B-cell
lymphoma (LBCL). J Clin Oncol. 2020.38(15 suppl):8037.
doi:10.1200/JCO.2020.38.15_suppl.8037
11. Abramson JS, Palomba ML, Gordon LI, et al.
Lisocabtagene maraleucel for patients with relapsed
or refractory large B-cell lymphomas (TRANSCEND
NHL 001): a multicentre seamless design study.
Lancet. 2020;396(10254):839-852. doi:10.1016/S01406736(20)31366-0
12. Westin JR, Kersten MJ, Salles G, et al. Efficacy
and safety of CD19-directed CAR-T cell therapies in
patients with relapsed/refractory aggressive B-cell
lymphomas: observations from the JULIET, ZUMA-1, and
TRANSCEND trials. Am J Hematol. 2021;96(10):12951312. doi:10.1002/ajh.26301
13. Neelapu SS, Locke FL, Bartlett NL, et al. Axicabtagene

REVIEW

ciloleucel CAR T-cell therapy in refractory large B-cell
lymphoma. N Engl J Med. 2017;377(26):2531-2544.
doi:10.1056/NEJMoa1707447
14. Jain MD, Jacobs MT, Nastoupil LJ, et al.
Characteristics and outcomes of patients receiving
bridging therapy while awaiting manufacture of
standard of care axicabtagene ciloleucel CD19 chimeric
antigen receptor (CAR) T-cell therapy for relapsed/
refractory large B-cell lymphoma: results from the US
Lymphoma CAR-T Consortium. Blood. 2019;134(suppl
1):245. doi.10.1182/blood-2019-129624
15. Pinnix CC, Gunther JR, Dabaja BS, et al.
Bridging therapy prior to axicabtagene ciloleucel
for relapsed/refractory large B-cell lymphoma.
Blood Adv. 2020;4(13):2871-2883. doi:10.1182/
bloodadvances.2020001837
16. Schuster SJ, Bishop MR, Tam CS, et al; JULIET
Investigators. Tisagenlecleucel in adult relapsed or
refractory diffuse large B-cell lymphoma. N Engl J Med.
2019;380(1):45-56. doi:10.1056/NEJMoa1804980
17. Schuster SJ, Tam CS, Borchmann P, et al. Longterm clinical outcomes of tisagenlecleucel in patients
with relapsed or refractory aggressive B-cell lymphomas
(JULIET): a multicentre, open-label, single-arm, phase
2 study. Lancet Oncol. 2021;22(10):1403-1415.
doi:10.1016/S1470-2045(21)00375-2
18. Locke FL, Miklos DB, Jacobson CA, et al; All
ZUMA-7 Investigators and Contributing Kite Members.
Axicabtagene ciloleucel as second-line therapy for large
B-cell lymphoma. N Engl J Med. 2022;386(7):640-654.
doi:10.1056/NEJMoa2116133
19. Bishop MR, Dickinson M, Purtill D, et al. Secondline tisagenlecleucel or standard care in aggressive
B-cell lymphoma. N Engl J Med. 2022;386(7):629-639.
doi:10.1056/NEJMoa2116596
20. Kamdar M, Solomon SR, Arnason JE. Lisocabtagene
maraleucel (liso-cel), a CD19-directed chimeric antigen
receptor (CAR) T cell therapy, versus standard of care
(SOC) with salvage chemotherapy (CT) followed by
autologous stem cell transplantation (ASCT) as secondline (2L) treatment in patients (pts) with relapsed
or refractory (R/R) large B-cell lymphoma (LBCL):
results from the randomized phase 3 TRANSFORM
study. Blood. 2021;138(suppl 1):91. doi.10.1182/
blood-2021-147913
21. Horvei P, Sakemura R, Cox MJ, et al. Targeting
of CD19 by tafasitamab does not impair CD19
directed chimeric antigen receptor T cell activity in
vitro. Blood. 2019;134(suppl 1):2859. doi:10.1182/
blood-2019-130506
22. Jurczak W, Zinzani PL, Gaidano G, et al. Phase IIa
study of the CD19 antibody MOR208 in patients with
relapsed or refractory B-cell non-Hodgkin’s lymphoma.
Ann Oncol. 2018;29(5):1266-1272. doi:10.1093/
annonc/mdy056
23. Lagrue K, Carisey A, Morgan DJ, Chopra R, Davis DM.
Lenalidomide augments actin remodeling and lowers
NK-cell activation thresholds. Blood. 2015;126(1):5060. doi:10.1182/blood-2015-01-625004
24. Salles G, Duell J, González Barca E, et al.
Tafasitamab plus lenalidomide in relapsed or refractory
diffuse large B-cell lymphoma (L-MIND): a multicentre,
prospective, single-arm, phase 2 study. Lancet
Oncol. 2020;21(7):978-988. doi:10.1016/S14702045(20)30225-4

For a full list of references, visit

cancernetwork.com/Kesireddy_6.22

O N C O LO GY ®

369

First-line maintenance treatment of urothelial carcinoma
BAVENCIO® (avelumab) is indicated for the maintenance treatment of patients with locally advanced or metastatic
urothelial carcinoma (UC) that has not progressed with ﬁrst-line platinum-containing chemotherapy.

Based on overall survival (OS) data

The FIRST and ONLY immunotherapy approved
in the first-line maintenance setting
National Comprehensive Cancer Network® (NCCN®)
Recommendation
Avelumab (BAVENCIO) maintenance is the only
NCCN CATEGORY 1 and PREFERRED immunotherapy
option for both cisplatin-eligible and -ineligible patients
with locally advanced or metastatic UC that has not progressed on
ﬁrst-line platinum-containing chemotherapy.1
Category 1=Based upon high-level evidence, there is uniform NCCN consensus that the
intervention is appropriate.
Preferred intervention=Interventions that are based on superior eﬃcacy, safety, and
evidence; and, when appropriate, affordability.

IMPORTANT SAFETY INFORMATION (continues on following pages)
BAVENCIO can cause severe and fatal immune-mediated adverse
reactions in any organ system or tissue and at any time after starting
treatment with a PD-1/PD-L1 blocking antibody, including after
discontinuation of treatment.
Early identiﬁcation and management of immune-mediated adverse
reactions are essential to ensure safe use of PD-1/PD-L1 blocking
antibodies. Monitor patients closely for symptoms and signs that may
be clinical manifestations of underlying immune-mediated adverse
reactions. Evaluate liver enzymes, creatinine, and thyroid function
at baseline and periodically during treatment. In cases of suspected
immune-mediated adverse reactions, initiate appropriate workup to
exclude alternative etiologies, including infection. Institute medical
management promptly, including specialty consultation as appropriate.
No dose reduction for BAVENCIO is recommended. For immunemediated adverse reactions, withhold or permanently discontinue
BAVENCIO depending on severity. In general, withhold BAVENCIO for
severe (Grade 3) immune-mediated adverse reactions. Permanently
discontinue BAVENCIO for life-threatening (Grade 4) immune-mediated
adverse reactions, recurrent severe (Grade 3) immune-mediated
reactions that require systemic immunosuppressive treatment, or an
inability to reduce corticosteroid dose to 10 mg or less of prednisone
or equivalent per day within 12 weeks of initiating corticosteroids.
In general, if BAVENCIO requires interruption or discontinuation,
administer systemic corticosteroid therapy (1 to 2 mg/kg/day
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prednisone or equivalent) until improvement to Grade 1 or less. Upon
improvement to Grade 1 or less, initiate corticosteroid taper and
continue to taper over at least 1 month. Consider administration of
other systemic immunosuppressants in patients whose immunemediated adverse reactions are not controlled with corticosteroid
therapy. Toxicity management guidelines for adverse reactions that do
not necessarily require systemic corticosteroids (eg, endocrinopathies
and dermatologic reactions) are discussed in subsequent sections.
BAVENCIO can cause immune-mediated pneumonitis. Withhold
BAVENCIO for Grade 2, and permanently discontinue for Grade 3
or Grade 4 pneumonitis. Immune-mediated pneumonitis occurred
in 1.2% (21/1738) of patients, including fatal (0.1%), Grade 4 (0.1%),
Grade 3 (0.3%), and Grade 2 (0.6%) adverse reactions. Systemic
corticosteroids were required in all (21/21) patients with pneumonitis.
BAVENCIO can cause immune-mediated colitis. The primary
component of immune-mediated colitis consisted of diarrhea.
Cytomegalovirus infection/reactivation has been reported in patients
with corticosteroid-refractory immune-mediated colitis. In cases of
corticosteroid-refractory colitis, consider repeating infectious workup
to exclude alternative etiologies. Withhold BAVENCIO for Grade 2 or
Grade 3, and permanently discontinue for Grade 4 colitis. Immunemediated colitis occurred in 1.5% (26/1738) of patients, including
Grade 3 (0.4%) and Grade 2 (0.7%) adverse reactions. Systemic
corticosteroids were required in all (26/26) patients with colitis.
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JAVELIN Bladder 100 Trial—a Phase 3, randomized, open-label, multicenter study in patients with unresectable, locally advanced
or metastatic urothelial carcinoma that did not progress with ﬁrst-line platinum-containing chemotherapy (N=700)2

BAVENCIO® (avelumab) + best supportive care (BSC) demonstrated superior OS vs BSC alone
All randomized patients (major efficacy outcome measure)
1.0

Hazard ratio (HR): 0.69 (95% CI: 0.56, 0.86);
2-sided P-value*=0.001
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• OS was measured post-randomization (after chemotherapy)

• OS in patients with PD-L1-positive tumors† (major eﬃcacy outcome measure). BAVENCIO + BSC showed statistically signiﬁcant
improvement in OS vs BSC alone in patients with PD-L1-positive tumors (n=358, 51%); HR: 0.56; (95% CI: 0.40, 0.79; 2-sided P-value
<0.001)
• OS in patients with PD-L1-negative tumors† (exploratory analysis). In patients with PD-L1-negative tumors (n=271, 39%), the OS
hazard ratio was 0.85 (95% CI: 0.62, 1.18)

Most common adverse reactions in the JAVELIN Bladder 100 Trial
The most common adverse reactions (≥20%) in patients receiving BAVENCIO + BSC vs BSC alone were:
• Fatigue (35% vs 13%)
• Musculoskeletal pain (24% vs 15%)

• Urinary tract infection (20% vs 11%)
• Rash (20% vs 2.3%)

For information on warnings and precautions, see Important Safety Information starting on the previous page.

Study design: The JAVELIN Bladder 100 Trial was a Phase 3, 1:1 randomized, open-label, multicenter study of BAVENCIO as a
ﬁrst-line maintenance treatment in 700 patients with unresectable, locally advanced or metastatic UC who did not progress on 4 to
6 cycles of platinum-containing chemotherapy (gemcitabine + cisplatin and/or gemcitabine + carboplatin), and an ECOG PS of 0 or
1.2 Patients with autoimmune diseases or medical conditions requiring systemic immunosuppression were excluded. Patients were
randomized to BAVENCIO 10 mg/kg intravenous infusion every 2 weeks + best supportive care (BSC) (n=350) or BSC alone‡ (n=350)
until disease progression or unacceptable toxicity. Treatment was initiated within 4 to 10 weeks after chemotherapy. OS was the
major eﬃcacy outcome measure in all randomized patients and patients with PD-L1-positive tumors.§
*P-value based on stratiﬁed log-rank.
†
Using the VENTANA PD-L1 (SP263) assay, PD-L1-positive status was deﬁned as PD-L1 expression in ≥25% of tumor cells or in ≥25% or 100% of tumor-associated
immune cells if the percentage of immune cells was >1% or ≤1%, respectively. If none of these criteria were met, PD-L1 status was considered negative.2
‡
BSC was administered as deemed appropriate by the treating physician, and could include treatment with antibiotics, nutritional support, and other patient management
approaches with palliative intent (excludes systemic antitumor therapy).2
§
PD-L1 expression was assessed in tumor samples using the VENTANA PD-L1 (SP263) assay.2
BICR=blinded independent central review; CI=conﬁdence interval;
ECOG PS=Eastern Cooperative Oncology Group (ECOG) Performance Status;
PD-1=programmed death-1 receptor; PD-L1=programmed death ligand-1.

Please see additional Important Safety Information and Brief Summary of the Prescribing Information on the following pages.
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IMPORTANT SAFETY INFORMATION (continued)
BAVENCIO® (avelumab) can cause hepatotoxicity and immunemediated hepatitis. Withhold or permanently discontinue BAVENCIO
based on tumor involvement of the liver and severity of aspartate
aminotransferase (AST), alanine aminotransferase (ALT), or total
bilirubin elevation. Immune-mediated hepatitis occurred with
BAVENCIO as a single agent in 0.9% (16/1738) of patients, including
fatal (0.1%), Grade 3 (0.6%), and Grade 2 (0.1%) adverse reactions.
Systemic corticosteroids were required in all (16/16) patients with
hepatitis.
BAVENCIO can cause primary or secondary immune-mediated
adrenal insuﬃciency. For Grade 2 or higher adrenal insuﬃciency,
initiate symptomatic treatment, including hormone replacement,
as clinically indicated. Withhold BAVENCIO for Grade 3 or Grade 4
endocrinopathies until clinically stable or permanently discontinue
depending on severity. Immune-mediated adrenal insuﬃciency
occurred in 0.5% (8/1738) of patients, including Grade 3 (0.1%) and
Grade 2 (0.3%) adverse reactions. Systemic corticosteroids were
required in all (8/8) patients with adrenal insuﬃciency.
BAVENCIO can cause immune-mediated hypophysitis. Hypophysitis
can present with acute symptoms associated with mass effect such as
headache, photophobia, or visual ﬁeld defects. Hypophysitis can cause
hypopituitarism. Initiate hormone replacement, as clinically indicated.
Withhold BAVENCIO for Grade 3 or Grade 4 endocrinopathies until
clinically stable or permanently discontinue depending on severity.
Immune-mediated pituitary disorders occurred in 0.1% (1/1738) of
patients, which was a Grade 2 (0.1%) adverse reaction.
BAVENCIO can cause immune-mediated thyroid disorders. Thyroiditis
can present with or without endocrinopathy. Hypothyroidism
can follow hyperthyroidism. Initiate hormone replacement for
hypothyroidism or institute medical management of hyperthyroidism,
as clinically indicated. Withhold BAVENCIO for Grade 3 or Grade 4
endocrinopathies until clinically stable or permanently discontinue
depending on severity. Thyroiditis occurred in 0.2% (4/1738) of
patients, including Grade 2 (0.1%) adverse reactions. Hyperthyroidism
occurred in 0.4% (7/1738) of patients, including Grade 2 (0.3%)
adverse reactions. Systemic corticosteroids were required in 29%
(2/7) of patients with hyperthyroidism. Hypothyroidism occurred in
5% (90/1738) of patients, including Grade 3 (0.2%) and Grade 2 (3.7%)
adverse reactions. Systemic corticosteroids were required in 7% (6/90)
of patients with hypothyroidism.
BAVENCIO can cause immune-mediated type I diabetes mellitus,
which can present with diabetic ketoacidosis. Monitor patients for
hyperglycemia or other signs and symptoms of diabetes. Initiate
treatment with insulin as clinically indicated. Withhold BAVENCIO
for Grade 3 or Grade 4 endocrinopathies until clinically stable or
permanently discontinue depending on severity. Immune-mediated
type I diabetes mellitus occurred in 0.1% (2/1738) of patients,
including Grade 3 (0.1%) adverse reactions.
BAVENCIO can cause immune-mediated nephritis with renal
dysfunction. Withhold BAVENCIO for Grade 2 or Grade 3, and
permanently discontinue for Grade 4 increased blood creatinine.
Immune-mediated nephritis with renal dysfunction occurred in 0.1%
(1/1738) of patients, which was a Grade 2 (0.1%) adverse reaction.
Systemic corticosteroids were required in this patient.
BAVENCIO can cause immune-mediated dermatologic adverse
reactions, including rash or dermatitis. Exfoliative dermatitis including
Stevens Johnson Syndrome (SJS), drug rash with eosinophilia and
systemic symptoms (DRESS), and toxic epidermal necrolysis (TEN),
has occurred with PD-1/PD-L1 blocking antibodies. Topical emollients
and/or topical corticosteroids may be adequate to treat mild to
moderate non-exfoliative rashes. Withhold BAVENCIO for suspected
and permanently discontinue for conﬁrmed SJS, TEN, or DRESS.
Immune-mediated dermatologic adverse reactions occurred in 5%
(90/1738) of patients, including Grade 3 (0.1%) and Grade 2 (2.0%)
adverse reactions. Systemic corticosteroids were required in 29%
(26/90) of patients with dermatologic adverse reactions.

B
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BAVENCIO can result in other immune-mediated adverse reactions.
Other clinically signiﬁcant immune-mediated adverse reactions
occurred at an incidence of <1% in patients who received BAVENCIO or
were reported with the use of other PD-1/PD-L1 blocking antibodies.
For myocarditis, permanently discontinue BAVENCIO for Grade 2,
Grade 3, or Grade 4. For neurological toxicities, withhold BAVENCIO for
Grade 2 and permanently discontinue for Grade 3 or Grade 4.
BAVENCIO can cause severe or life-threatening infusion-related
reactions. Premedicate patients with an antihistamine and
acetaminophen prior to the ﬁrst 4 infusions and for subsequent
infusions based upon clinical judgment and presence/severity of
prior infusion reactions. Monitor patients for signs and symptoms
of infusion-related reactions, including pyrexia, chills, ﬂushing,
hypotension, dyspnea, wheezing, back pain, abdominal pain, and
urticaria. Interrupt or slow the rate of infusion for Grade 1 or Grade 2
infusion-related reactions. Permanently discontinue BAVENCIO
for Grade 3 or Grade 4 infusion-related reactions. Infusion-related
reactions occurred in 25% of patients, including three (0.2%) Grade 4
and nine (0.5%) Grade 3 infusion-related reactions. Eleven (92%)
of the 12 patients with Grade ≥3 reactions were treated with
intravenous corticosteroids.
Fatal and other serious complications of allogeneic hematopoietic
stem cell transplantation (HSCT) can occur in patients who receive
HSCT before or after being treated with a PD-1/PD-L1 blocking
antibody. Follow patients closely for evidence of transplant-related
complications and intervene promptly. Consider the beneﬁt versus
risks of treatment with a PD-1/PD-L1 blocking antibody prior to or
after an allogeneic HSCT.
BAVENCIO can cause fetal harm when administered to a pregnant
woman. Advise patients of the potential risk to a fetus including the
risk of fetal death. Advise females of childbearing potential to use
effective contraception during treatment with BAVENCIO and for
at least 1 month after the last dose of BAVENCIO. It is not known
whether BAVENCIO is excreted in human milk. Advise a lactating
woman not to breastfeed during treatment and for at least 1 month
after the last dose of BAVENCIO due to the potential for serious
adverse reactions in breastfed infants.
A fatal adverse reaction (sepsis) occurred in one (0.3%) patient with
locally advanced or metastatic urothelial carcinoma (UC) receiving
BAVENCIO + best supportive care (BSC) as ﬁrst-line maintenance
treatment. In patients with previously treated locally advanced
or metastatic UC, fourteen patients (6%) who were treated with
BAVENCIO experienced either pneumonitis, respiratory failure,
sepsis/urosepsis, cerebrovascular accident, or gastrointestinal
adverse events, which led to death.
The most common adverse reactions (all grades, ≥20%) in patients
with locally advanced or metastatic UC receiving BAVENCIO + BSC
(vs BSC alone) as ﬁrst-line maintenance treatment were fatigue (35%
vs 13%), musculoskeletal pain (24% vs 15%), urinary tract infection
(20% vs 11%), and rash (20% vs 2.3%). In patients with previously
treated locally advanced or metastatic UC receiving BAVENCIO, the
most common adverse reactions (all grades, ≥20%) were fatigue,
infusion-related reaction, musculoskeletal pain, nausea, decreased
appetite, and urinary tract infection.
Selected laboratory abnormalities (all grades, ≥20%) in patients with
locally advanced or metastatic UC receiving BAVENCIO + BSC (vs BSC
alone) as ﬁrst-line maintenance treatment were blood triglycerides
increased (34% vs 28%), alkaline phosphatase increased (30% vs 20%),
blood sodium decreased (28% vs 20%), lipase increased (25% vs 16%),
aspartate aminotransferase (AST) increased (24% vs 12%), blood
potassium increased (24% vs 16%), alanine aminotransferase (ALT)
increased (24% vs 12%), blood cholesterol increased (22% vs 16%),
serum amylase increased (21% vs 12%), hemoglobin decreased (28%
vs 18%), and white blood cell decreased (20% vs 10%).

Please see Brief Summary of Prescribing Information on
following pages.

References: 1. Referenced with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Bladder Cancer V.3.2021. © National
Comprehensive Cancer Network, Inc. 2021. All rights reserved. Accessed May 3, 2021. To view the most recent and complete version of the guidelines, go online
to NCCN.org. NCCN makes no warranties of any kind whatsoever regarding their content or its use or application and disclaims any responsibility for its use or
application in any way. 2. Powles T, Park SH, Voog E, et al. Avelumab maintenance therapy for advanced or metastatic urothelial
carcinoma. N Engl J Med. 2020;383(13):1218-1230.
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BAVENCIO® (avelumab) injection, for intravenous use
BRIEF SUMMARY: Please see package insert for Full Prescribing Information

Rx only

INDICATION AND USAGE
First-Line Maintenance Treatment of Urothelial Carcinoma
BAVENCIO is indicated for the maintenance treatment of patients with locally advanced or
metastatic urothelial carcinoma (UC) that has not progressed with first-line platinum-containing
chemotherapy.
CONTRAINDICATIONS
None.
WARNINGS AND PRECAUTIONS
Severe and Fatal Immune-Mediated Adverse Reactions: BAVENCIO is a monoclonal antibody
that belongs to a class of drugs that bind to either the programmed death-receptor 1 (PD-1) or
the PD-ligand 1 (PD-L1), blocking the PD-1/PD-L1 pathway, thereby removing inhibition of the
immune response, potentially breaking peripheral tolerance and inducing immune-mediated adverse
reactions. Important immune-mediated adverse reactions listed under Warnings and Precautions
may not include all possible severe and fatal immune-mediated reactions.
Immune-mediated adverse reactions, which may be severe or fatal, can occur in any organ
system or tissue. Immune-mediated adverse reactions can occur at any time after starting treatment
with a PD-1/PD-L1 blocking antibody. While immune-mediated adverse reactions usually manifest
during treatment with PD-1/PD-L1 blocking antibodies, immune-mediated adverse reactions can
also manifest after discontinuation of PD-1/PD-L1 blocking antibodies.
Early identification and management of immune-mediated adverse reactions are essential
to ensure safe use of PD-1/PD-L1 blocking antibodies. Monitor patients closely for symptoms
and signs that may be clinical manifestations of underlying immune-mediated adverse reactions.
Evaluate liver enzymes, creatinine, and thyroid function at baseline and periodically during
treatment. In cases of suspected immune-mediated adverse reactions, initiate appropriate workup to
exclude alternative etiologies, including infection. Institute medical management promptly, including
specialty consultation as appropriate.
Withhold or permanently discontinue BAVENCIO depending on severity. In general, if BAVENCIO
requires interruption or discontinuation, administer systemic corticosteroid therapy (1 to 2 mg/kg/day
prednisone or equivalent) until improvement to Grade 1 or less. Upon improvement to Grade 1 or
less, initiate corticosteroid taper and continue to taper over at least 1 month. Consider administration
of other systemic immunosuppressants in patients whose immune-mediated adverse reactions are
not controlled with corticosteroid therapy. Toxicity management guidelines for adverse reactions
that do not necessarily require systemic corticosteroids (e.g., endocrinopathies and dermatologic
reactions) are discussed below.
Immune-Mediated Pneumonitis: BAVENCIO can cause immune-mediated pneumonitis. Immunemediated pneumonitis occurred in 1.2% (21/1738) of patients receiving BAVENCIO, including fatal
(0.1%), Grade 4 (0.1%), Grade 3 (0.3%) and Grade 2 (0.6%) adverse reactions. Pneumonitis led to
permanent discontinuation of BAVENCIO in 0.3% and withholding of BAVENCIO in 0.3% of patients.
Systemic corticosteroids were required in all (21/21) patients with pneumonitis. Pneumonitis
resolved in 57% (12/21) of the patients. Of the 5 patients in whom BAVENCIO was withheld for
pneumonitis, 5 reinitiated treatment with BAVENCIO after symptom improvement; of these, none
had recurrence of pneumonitis. With other PD-1/PD-L1 blocking antibodies, the incidence of
pneumonitis is higher in patients who have received prior thoracic radiation.
Immune-Mediated Colitis: BAVENCIO can cause immune-mediated colitis. The primary
component of the immune-mediated colitis consisted of diarrhea. Cytomegalovirus (CMV) infection/
reactivation has been reported in patients with corticosteroid-refractory immune-mediated colitis. In
cases of corticosteroid-refractory colitis, consider repeating infectious workup to exclude alternative
etiologies. Immune-mediated colitis occurred in 1.5% (26/1738) of patients receiving BAVENCIO,
including Grade 3 (0.4%) and Grade 2 (0.7%) adverse reactions. Colitis led to permanent
discontinuation of BAVENCIO in 0.5% and withholding of BAVENCIO in 0.5% of patients. Systemic
corticosteroids were required in all (26/26) patients with colitis. Colitis resolved in 69% (18/26) of the
patients. Of the 8 patients in whom BAVENCIO was withheld for colitis, 5 reinitiated treatment with
BAVENCIO after symptom improvement; of these, 40% had recurrence of colitis.
Hepatotoxicity and Immune-Mediated Hepatitis: BAVENCIO as a single agent: BAVENCIO can
cause immune-mediated hepatitis. Immune-mediated hepatitis occurred in 0.9% (16/1738) of patients
receiving BAVENCIO, including fatal (0.1%), Grade 3 (0.6%), and Grade 2 (0.1%) adverse reactions.
Hepatitis led to permanent discontinuation of BAVENCIO in 0.5% and withholding of BAVENCIO
in 0.2% of patients. Systemic corticosteroids were required in all (16/16) patients with hepatitis.
Hepatitis resolved in 56% (9/16) of the patients. Of the 3 patients in whom BAVENCIO was withheld
for hepatitis, 3 reinitiated treatment with BAVENCIO after symptom improvement; of these, none had
recurrence of hepatitis.
Immune-Mediated Endocrinopathies: Adrenal Insufficiency: BAVENCIO can cause primary or
secondary adrenal insufficiency. For Grade 2 or higher adrenal insufficiency, initiate symptomatic
treatment, including hormone replacement, as clinically indicated. Withhold BAVENCIO depending
on severity. Immune-mediated adrenal insufficiency occurred in 0.5% (8/1738) of patients receiving
BAVENCIO, including Grade 3 (0.1%), and Grade 2 (0.3%) adverse reactions. Adrenal insufficiency
led to permanent discontinuation of BAVENCIO in 0.1% and withholding of BAVENCIO in 0.1%
of patients. Systemic corticosteroids were required in all (8/8) patients with adrenal insufficiency.
Adrenal insufficiency did not resolve in any patient (0/8). Of the 2 patients in whom BAVENCIO
was withheld for adrenal insufficiency, none reinitiated treatment with BAVENCIO. Hypophysitis:
BAVENCIO can cause immune-mediated hypophysitis. Hypophysitis can present with acute
symptoms associated with mass effect such as headache, photophobia, or visual field defects.
Hypophysitis can cause hypopituitarism. Initiate hormone replacement, as clinically indicated.
Withhold or permanently discontinue BAVENCIO depending on severity. Immune-mediated
pituitary disorders occurred in 0.1% (1/1738) of patients receiving BAVENCIO which was a Grade 2
(0.1%) adverse reactions. Hypopituitarism did not lead to withholding of BAVENCIO in this patient.
Systemic corticosteroids were not required in this patient. Thyroid Disorders: BAVENCIO can
cause immune-mediated thyroid disorders. Thyroiditis can present with or without endocrinopathy.
Hypothyroidism can follow hyperthyroidism. Initiate hormone replacement for hypothyroidism or
institute medical management of hyperthyroidism, as clinically indicated. Withhold or permanently
discontinue BAVENCIO depending on severity. Thyroiditis occurred in 0.2% (4/1738) of patients
receiving BAVENCIO, including Grade 2 (0.1%) adverse reactions. Thyroiditis did not lead to
permanent discontinuation or withholding of BAVENCIO in any patients. No patients with thyroiditis
required systemic corticosteroids. Thyroiditis did not resolve in any patients (0/4). Hyperthyroidism
occurred in 0.4% (7/1738) of patients receiving BAVENCIO, including Grade 2 (0.3%) adverse
reactions. Hyperthyroidism did not lead to permanent discontinuation of BAVENCIO in any patients
and led to withholding of BAVENCIO in 0.1% of patients. Systemic corticosteroids were required in
29% (2/7) of patients with hyperthyroidism. Hyperthyroidism resolved in 86% (6/7) of the patients.
Of the 2 patients in whom BAVENCIO was withheld for hyperthyroidism, 2 reinitiated treatment
with BAVENCIO after symptom improvement; of these, none had recurrence of hyperthyroidism.
Hypothyroidism occurred in 5% (90/1738) of patients receiving BAVENCIO, including Grade 3
(0.2%) and Grade 2 (3.7%) adverse reactions. Hypothyroidism led to permanent discontinuation
of BAVENCIO in 0.1% and withholding of BAVENCIO in 0.5% of patients. Systemic corticosteroids
were required in 7% (6/90) of patients with hypothyroidism. Hypothyroidism resolved in 4% (4/90) of
the patients. Of the 8 patients in whom BAVENCIO was withheld for hypothyroidism, none reinitiated
BAVENCIO. Type I Diabetes Mellitus, which can present with Diabetic Ketoacidosis: Monitor
patients for hyperglycemia or other signs and symptoms of diabetes. Initiate treatment with
insulin as clinically indicated. Withhold BAVENCIO depending on severity. Immune-mediated
Type I diabetes mellitus occurred in 0.1% (2/1738) of patients receiving BAVENCIO, including
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Grade 3 (0.1%) adverse reactions. Type I diabetes mellitus led to permanent discontinuation of
BAVENCIO in these two patients. Type I diabetes mellitus did not lead to withholding of BAVENCIO
in any patient. Systemic corticosteroids were not required in any patient with Type I diabetes mellitus.
Type I diabetes mellitus resolved in no patient and all patients required ongoing insulin treatment.
Immune-Mediated Nephritis with Renal Dysfunction: BAVENCIO can cause immune-mediated
nephritis. Immune-mediated nephritis with renal dysfunction occurred in 0.1% (1/1738) of patients
receiving BAVENCIO, which was a Grade 2 (0.1%) adverse reactions. Nephritis with renal
dysfunction led to permanent discontinuation of BAVENCIO in this patient. Nephritis did not lead
to withholding of BAVENCIO in any patient. Systemic corticosteroids were required in this patient.
Nephritis with renal dysfunction did not resolve in this patient.
Immune-Mediated Dermatologic Adverse Reactions: BAVENCIO can cause immune-mediated
rash or dermatitis. Exfoliative dermatitis, including Stevens Johnson Syndrome, DRESS, and toxic
epidermal necrolysis (TEN), has occurred with PD-1/PD-L1 blocking antibodies. Topical emollients
and/or topical corticosteroids may be adequate to treat mild to moderate non-exfoliative rashes.
Withhold or permanently discontinue BAVENCIO depending on severity. Immune-mediated
dermatologic adverse reactions occurred in 5% (90/1738) of patients receiving BAVENCIO,
including Grade 3 (0.1%) and Grade 2 (2.0%) adverse reactions. Dermatologic adverse reactions
led to permanent discontinuation of BAVENCIO in 0.3% of patients and withholding of BAVENCIO
in 0.4% of patients. Systemic corticosteroids were required in 29% (26/90) of patients with
dermatologic adverse reactions. One patient required the addition of tacrolimus to high-dose
corticosteroids. Dermatologic adverse reactions resolved in 41% (37/90) of the patients. Of the
7 patients in whom BAVENCIO was withheld for dermatologic adverse reactions, 3 reinitiated
treatment with BAVENCIO after symptom improvement; of these, none had recurrence of
dermatologic adverse reaction.
Other Immune-Mediated Adverse Reactions: The following clinically significant immunemediated adverse reactions occurred at an incidence of <1% (unless otherwise noted) in
patients who received BAVENCIO or were reported with the use of other PD-1/PD-L1 blocking
antibodies. Severe or fatal cases have been reported for some of these adverse reactions.
Cardiac/Vascular: Myocarditis, pericarditis, vasculitis. Gastrointestinal: Pancreatitis to include
increases in serum amylase and lipase levels, gastritis, duodenitis. Nervous System: Meningitis,
encephalitis, myelitis and demyelination, myasthenic syndrome/myasthenia gravis (including
exacerbation), Guillain-Barré syndrome, nerve paresis, autoimmune neuropathy. Ocular: Uveitis,
iritis, and other ocular inflammatory toxicities can occur. Some cases can be associated with
retinal detachment. Various grades of visual impairment, including blindness, can occur. If uveitis
occurs in combination with other immune-mediated adverse reactions, consider a Vogt-KoyanagiHarada like syndrome, as this may require treatment with systemic corticosteroids to reduce the
risk of permanent vision loss. Musculoskeletal and Connective Tissue: Myositis/polymyositis,
rhabdomyolysis (and associated sequelae including renal failure), arthritis, polymyalgia rheumatic.
Endocrine: Hypoparathyroidism. Other (Hematologic/Immune): Hemolytic anemia, aplastic anemia,
hemophagocytic lymphohistiocytosis, systemic inflammatory response syndrome, histiocytic
necrotizing lymphadenitis (Kikuchi lymphadenitis), sarcoidosis, immune thrombocytopenic purpura,
solid organ transplant rejection.
Infusion-Related Reactions: BAVENCIO can cause severe or life-threatening infusion-related
reactions. Premedicate with antihistamine and acetaminophen prior to the first 4 infusions. Monitor
patients for signs and symptoms of infusion-related reactions including pyrexia, chills, flushing,
hypotension, dyspnea, wheezing, back pain, abdominal pain, and urticaria. Interrupt or slow the
rate of infusion for mild or moderate infusion-related reactions. Stop the infusion and permanently
discontinue BAVENCIO for severe (Grade 3) or life-threatening (Grade 4) infusion-related reactions.
Infusion-related reactions occurred in 25% of patients treated with BAVENCIO including three (0.2%)
Grade 4 and nine (0.5%) Grade 3 infusion-related reactions. Ninety-three percent of patients received
premedication with antihistamine and acetaminophen. Eleven (92%) of the 12 patients with
Grade ≥3 reactions were treated with intravenous corticosteroids. Fourteen percent of patients had
infusion-related reactions that occurred after the BAVENCIO infusion was completed.
Complications of Allogeneic HSCT: Fatal and other serious complications can occur in patients who
receive allogeneic hematopoietic stem cell transplantation (HSCT) before or after being treated with
a PD-1/PD-L1 blocking antibody. Transplant-related complications include hyperacute graft-versushost-disease (GVHD), acute GVHD, chronic GVHD, hepatic veno-occlusive disease (VOD) after
reduced intensity conditioning, and steroid-requiring febrile syndrome (without an identified infectious
cause). These complications may occur despite intervening therapy between PD-1/PD-L1 blockade
and allogeneic HSCT. Follow patients closely for evidence of transplant-related complications and
intervene promptly. Consider the benefit versus risks of treatment with a PD-1/PD-L1 blocking antibody
prior to or after an allogeneic HSCT.
Embryo-Fetal Toxicity: Based on its mechanism of action, BAVENCIO can cause fetal harm when
administered to a pregnant woman. Animal studies have demonstrated that inhibition of the PD-1/
PD-L1 pathway can lead to increased risk of immune-mediated rejection of the developing fetus
resulting in fetal death. If this drug is used during pregnancy, or if the patient becomes pregnant while
taking BAVENCIO, inform the patient of the potential risk to a fetus. Advise females of childbearing
potential to use effective contraception during treatment with BAVENCIO and for at least one month
after the last dose of BAVENCIO.
ADVERSE REACTIONS
The following clinically significant adverse reactions are described elsewhere in the labeling:
• Severe and fatal immune-mediated adverse reactions
• Infusion-related reactions
• Complications of allogeneic HSCT
Clinical Trials Experience: Because clinical trials are conducted under widely varying conditions,
adverse reaction rates observed in the clinical trials of a drug cannot be directly compared to rates
in the clinical trials of another drug and may not reflect the rates observed in practice. The data
described in the WARNINGS AND PRECAUTIONS section reflect exposure to BAVENCIO 10 mg/
kg intravenously every 2 weeks as a single agent in 1738 patients enrolled in the JAVELIN Merkel
200 and JAVELIN Solid Tumor trials and to BAVENCIO 10 mg/kg intravenously every 2 weeks
in combination with axitinib 5 mg orally twice daily in 489 patients enrolled in the JAVELIN Renal
100 and JAVELIN Renal 101 trials. In the BAVENCIO monotherapy population, 24% of patients
were exposed for ≥ 6 months and 7% were exposed for ≥ 12 months. The following criteria were
used to classify an adverse reaction as immune-mediated: onset within 90 days after last dose of
BAVENCIO, no spontaneous resolution within 7 days of onset, treatment with corticosteroids or other
immunosuppressant or hormone replacement therapy, biopsy consistent with immune-mediated
reaction, and no other clear etiology.
Locally Advanced or Metastatic Urothelial Carcinoma
First-Line Maintenance Treatment of Urothelial Carcinoma
The safety of BAVENCIO was evaluated in the JAVELIN Bladder 100 trial where patients received
BAVENCIO 10 mg/kg every 2 weeks plus best supportive care (BSC) (N=344) or BSC alone
(N=345). Patients with autoimmune diseases or conditions requiring systemic immunosuppression
were excluded. In the BAVENCIO plus BSC arm, 47% were exposed to BAVENCIO for > 6 months
and 28% were exposed for > 1 year. The median age of patients treated with BAVENCIO plus BSC
was 69 years (range: 37 to 90), 63% of patients were 65 years or older, 76% were male, 67% were
White, and the ECOG performance score was 0 (61%) or 1 (39%). A fatal adverse reaction (sepsis)
occurred in one (0.3%) patient receiving BAVENCIO plus BSC. Serious adverse reactions occurred
in 28% of patients receiving BAVENCIO plus BSC. Serious adverse reactions in ≥ 1% of patients
included urinary tract infection (including kidney infection, pyelonephritis, and urosepsis) (6.1%),
pain (including abdominal, back, bone, flank, extremity, and pelvic pain) (3.2%), acute kidney
injury (1.7%), hematuria (1.5%), sepsis (1.2%), and infusion-related reaction (1.2%). Permanent
discontinuation due to an adverse reaction of BAVENCIO plus BSC occurred in 12% of patients.
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Adverse reactions resulting in permanent discontinuation of BAVENCIO in > 1% of patients were
myocardial infarction (including acute myocardial infarction and troponin T increased) (1.5%) and
infusion-related reaction (1.2%). Dose interruptions due to an adverse reaction, excluding temporary
interruptions of BAVENCIO infusions due to infusion-related reactions, occurred in 41% of patients
receiving BAVENCIO plus BSC. Adverse reactions leading to interruption of BAVENCIO in > 2% of
patients were urinary tract infection (including pyelonephritis) (4.7%) and blood creatinine increased
(including acute kidney injury, renal impairment, and renal failure) (3.8%). The most common
adverse reactions (≥ 20%) in patients receiving BAVENCIO plus BSC were fatigue, musculoskeletal
pain, urinary tract infection, and rash. Thirty-one (9%) patients treated with BAVENCIO plus BSC
received an oral prednisone dose equivalent to ≥ 40 mg daily for an immune-mediated adverse
reaction. Table 5 summarizes adverse reactions that occurred in ≥ 10% of patients treated with
BAVENCIO plus BSC.
Table 5: Adverse Reactions (≥ 10%) of Patients Receiving BAVENCIO plus BSC (JAVELIN
Bladder 100 Trial)

BAVENCIO plus BSC
(N=344)
Adverse Reactions
All Grades
Grade 3-4
%
%
General Disorders and Administration Site Conditions
Fatiguea
35
1.7
Pyrexia
15
0.3
Musculoskeletal and Connective Tissue Disorders
Musculoskeletal painb
24
1.2
Arthralgia
16
0.6
Skin and Subcutaneous Tissue Disorders
Rashc
20
1.2
Pruritus
17
0.3
Infections and Infestations
Urinary tract infectiond
20
6
Gastrointestinal Disorders
Diarrhea
17
0.6
Constipation
16
0.6
Nausea
16
0.3
Vomiting
13
1.2
Respiratory, Thoracic and Mediastinal Disorders
Coughe
14
0.3
Metabolism and Nutrition Disorders
Decreased appetite
14
0.3
Endocrine disorders
Hypothyroidism
12
0.3
Injury, Poisoning and Procedural Complications
Infusion-related reaction
10
0.9

BSC
(N=345)
All Grades
Grade 3-4
%
%

15
6

2.6
0

2.3
1.7

0
0

11

3.8

4.9
9.0
6
3.5

0.3
0
0.6
0.6

4.6

0

7

0.6

0.6

0

Pediatric Use: Safety and effectiveness of BAVENCIO have not been established in pediatric patients.

0

0

Locally Advanced or Metastatic Urothelial Carcinoma: Of the 344 patients randomized to BAVENCIO
10 mg/kg plus BSC in the JAVELIN Bladder 100 trial, 63% were 65 years or older and 24% were 75
years or older. No overall differences in safety or efficacy were reported between elderly patients
and younger patients.

Patients received pre-medication with an anti-histamine and acetaminophen prior to each infusion.
Infusion-related reactions occurred in 10% (Grade 3: 0.9%) of patients treated with BAVENCIO
plus BSC.
Table 6: Selected Laboratory Abnormalities Worsening from Baseline Occurring in ≥ 10% of
Patients Receiving BAVENCIO plus BSC (JAVELIN Bladder 100 Trial)

BSC*
Any Grade
Grade 3-4
%
%

Chemistry
Blood triglycerides increased
Alkaline phosphatase
increased
Blood sodium decreased
Lipase increased
Aspartate aminotransferase
(AST) increased
Blood potassium increased
Alanine aminotransferase
(ALT) increased
Blood cholesterol
increased
Serum amylase increased
CPK increased
Phosphate decreased
Hematology
Hemoglobin decreased
White blood cell
decreased
Platelet count decreased

Pregnancy, Risk Summary: Based on its mechanism of action, BAVENCIO can cause fetal harm
when administered to a pregnant woman. There are no available data on the use of BAVENCIO in
pregnant women. Animal studies have demonstrated that inhibition of the PD-1/PD-L1 pathway can
lead to increased risk of immune-mediated rejection of the developing fetus resulting in fetal death.
Human IgG1 immunoglobulins (IgG1) are known to cross the placenta. Therefore, BAVENCIO
has the potential to be transmitted from the mother to the developing fetus. 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. 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.

1.7
0

Fatigue is a composite term that includes fatigue, asthenia and malaise.
b
Musculoskeletal pain is a composite term that includes musculoskeletal pain, back pain, myalgia,
and neck pain.
c
Rash is a composite term that includes rash, rash maculo-papular, erythema, dermatitis acneiform,
eczema, erythema multiforme, rash erythematous, rash macular, rash papular, rash pruritic, drug
eruption and lichen planus.
d
Urinary tract infection is a composite term that includes urinary tract infection, urosepsis, cystitis,
kidney infection, pyuria, pyelonephritis, bacteriuria, pyelonephritis acute, urinary tract infection
bacterial, and Escherichia urinary tract infection.
e
Cough is a composite term that includes cough and productive cough.

BAVENCIO plus BSC*
Any Grade
Grade 3-4
%
%

USE IN SPECIFIC POPULATIONS

13
3.5

a

Laboratory Abnormality

Immunogenicity: As with all therapeutic proteins, there is potential for immunogenicity. The
detection of antibody formation is highly dependent on the sensitivity and specificity of the assay.
Additionally, the observed incidence of antibody (including neutralizing antibody) positivity in an
assay may be influenced by several factors including assay methodology, sample handling, timing
of sample collection, concomitant medications, and underlying disease. For these reasons,
comparison of the incidence of antibodies to avelumab in the studies described below with the
incidence of antibodies in other studies or to other products may be misleading. Of the 344 patients
treated with BAVENCIO 10 mg/kg as an intravenous infusion every 2 weeks plus BSC, 325 were
evaluable for treatment-emergent anti-drug antibodies (ADA) and 62 (19.1%) tested positive in the
JAVELIN Bladder 100 trial. Patients who tested positive for treatment-emergent ADA had decreased
systemic BAVENCIO exposure. In exploratory analyses, the effect of ADA on the efficacy or safety
could not be determined due to insufficient numbers of patients in the ADA-positive subgroup and
confounding variables.

34
30

2.1
2.9

28
20

1.2
2.3

28
25
24

6
8
1.7

20
16
12

2.6
6
0.9

24
24

3.8
2.6

16
12

0.9
0.6

22

1.2

16

0.3

21
19
19

5
2.4
3.2

12
12
15

1.8
0
1.2

28
20

4.4
0.6

18
10

3.2
0

18

0.6

12

0.3

Data, Animal Data: Animal reproduction studies have not been conducted with BAVENCIO to
evaluate its effect on reproduction and fetal development. A central function of the PD-1/PD-L1
pathway is to preserve pregnancy by maintaining maternal immune tolerance to the fetus. In murine
models of pregnancy, blockade of PD-L1 signaling has been shown to disrupt tolerance to the fetus
and to result in an increase in fetal loss; therefore, potential risks of administering BAVENCIO during
pregnancy include increased rates of abortion or stillbirth. As reported in the literature, there were
no malformations related to the blockade of PD-1/PD-L1 signaling in the offspring of these animals;
however, immune-mediated disorders occurred in PD-1 and PD-L1 knockout mice. Based on its
mechanism of action, fetal exposure to BAVENCIO may increase the risk of developing immunerelated disorders or altering the normal immune response.
Lactation, Risk Summary: There is no information regarding the presence of avelumab in human
milk, the effects on the breastfed infant, or the effects on milk production. Since many drugs
including antibodies are excreted in human milk, advise a lactating woman not to breastfeed during
treatment and for at least one month after the last dose of BAVENCIO due to the potential for
serious adverse reactions in breastfed infants.
Females and Males of Reproductive Potential, Contraception: Based on its mechanism of action,
BAVENCIO can cause fetal harm when administered to a pregnant woman. Advise females of
reproductive potential to use effective contraception during treatment with BAVENCIO and for at
least 1 month after the last dose of BAVENCIO.
Geriatric Use

PATIENT COUNSELING INFORMATION: Advise the patient to read the FDA-approved patient
labeling (Medication Guide).
Immune-Mediated Adverse Reactions: Inform patients of the risk of immune-mediated adverse
reactions requiring corticosteroids or hormone replacement therapy, including, but not limited to:
• Pneumonitis: Advise patients to contact their healthcare provider immediately for new or worsening
cough, chest pain, or shortness of breath.
• Colitis: Advise patients to contact their healthcare provider immediately for diarrhea or severe
abdominal pain.
• 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.
• Endocrinopathies: Advise patients to contact their healthcare provider immediately for signs or
symptoms of adrenal insufficiency, hypothyroidism, hyperthyroidism, and diabetes mellitus.
• Nephritis with Renal Dysfunction: Advise patients to contact their healthcare provider immediately
for signs or symptoms of nephritis including decreased urine output, blood in urine, swelling in
ankles, loss of appetite, and any other symptoms of renal dysfunction.
• Dermatologic Adverse Reactions: Advise patients to contact their healthcare provider immediately
for signs or symptoms of skin rash, itchy skin, rash with tiny spots and bumps, reddening of skin,
blisters or peeling.
Infusion-Related Reactions: Advise patients to contact their healthcare provider immediately for
signs or symptoms of potential infusion-related reactions.
Complications of Allogeneic HSCT: Advise patients of the risk of post-allogeneic hematopoietic stem
cell transplantation complications
Embryo-Fetal Toxicity: Advise females of reproductive potential that BAVENCIO can cause fetal harm.
Instruct females of reproductive potential to use effective contraception during and for at least one
month after the last dose of BAVENCIO.
Lactation: Advise nursing mothers not to breastfeed while taking BAVENCIO and for at least one
month after the final dose.
Manufactured by: EMD Serono, Inc. Rockland, MA 02370 U.S.A. US License No: 1773
Marketed by: EMD Serono, Inc. and Pfizer Inc. BAVENCIO is a trademark of Merck KGaA,
Darmstadt, Germany
February 2021 US-AVE-00577
Copyright © 2021 EMD Serono, Inc. All rights reserved.

*Each test incidence is based on the number of patients who had both baseline and at least one onstudy laboratory measurement available: BAVENCIO plus BSC group (range: 339 to 344 patients)
and BSC group (range: 329 to 341 patients).
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CLINICAL QUANDARIES
GENITOURINARY CANCER
SERIES EDITORS

E. David Crawford, MD
Maria T. Bourlon, MD

Management of Testicular Germ Cell
Tumor With Somatic-Type Malignancy
Bendu Konneh, BS1,2; Austin J. Leonard, BA3; John T. Lafin, PhD1; Liwei Jia, MD, PhD4; and Aditya Bagrodia, MD1,3

A

THE CASE
A man, aged 21 years, presented with a
4-month history of progressive swelling
of the right testicle. Ultrasound revealed a
heterogenous solid mass in the right testicle
suspicious for malignancy. Further work-up
included CT scans, which identified a 2-cm
retroperitoneal lymph node; there was no
evidence of thoracic metastases (Figure 1).
Serum tumor markers revealed a mildly elevated α-fetoprotein (AFP) and normal lactate
dehydrogenase (LDH) and human chorionic
gonadotropin (hCG).
The patient underwent right radical inguinal orchiectomy. Pathology evaluation
demonstrated 1% teratoma with extensive
secondary somatic-type malignant components of embryonal rhabdomyosarcoma
and chondrosarcoma. No lymphovascular
invasion was identified. Repeat tumor markers showed normal AFP, LDH, and hCG. Follow-up short-interval CT scans confirmed
a dominant 2-cm interaortocaval lymph
node with no evidence of distant metastases. The patient underwent retroperitoneal
lymph node dissection, which revealed 1 of
24 lymph nodes positive for similar somatic-type malignancy composed of rhabdomyosarcoma and chondrosarcoma as well
as undifferentiated spindle cell sarcoma with
extranodal extension. Immunohistochemistry revealed that tumor cells were positive
for myogenin and desmin and negative for
SALL4 (Figure 2).
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FIGURE 1. Representative coronal (A) and axial (B) contrast-enhanced CT
images demonstrating nodal involvement, 442 × 395 mm (38 × 38 dots per inch).

What is the best next step in clinical management
of this patient?
A. Radiation therapy

C. Therapy directed at transformed
B. Germ cell–directed chemotherapy, histology
such as the combination of
D. Active surveillance
bleomycin, etoposide, and cisplatin
E. Immunotherapy
TURN TO PAGE 376 FOR THE ANSWER AND A DISCUSSION OF THIS CASE BY EXPERTS.
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CORRECT ANSWER: D. Active surveillance
Discussion
Introduction
Testicular germ cell tumors (TGCTs)
account for the greatest incidence of testicular cancer among young adult men.
TGCTs are a type of solid neoplasm with
diverse histological subtypes that inform
clinical management.1 TGCTs are divided into 2 categories: seminomas and
nonseminomas. Nonseminomas include
choriocarcinomas, embryonal carcinomas, yolk sac tumors, and teratomas.
Testicular teratomas have further
been subclassified as either postpubertal type or prepubertal type. Prepubertal-type teratomas are biologically
indolent and are not associated with
germ cell neoplasia in situ (GCNIS),
but postpubertal-type teratomas are
associated with GCNIS and are malignant.2 Additionally, postpubertal-type
teratomas have a propensity to metastasize to extragonadal sites like the retroperitoneal lymph nodes. Rarely, testicular postpubertal-type teratomas can

develop a somatic-type malignancy,
which is generally treated via surgical
resection.
In this report, we present a molecular
characterization of a rare case of teratoma with somatic-type malignant components in the testis and lymph nodes.
Historically, TGCTs with somatic-type
malignancy have responded poorly to radiation and traditional platinum-based
chemotherapies; therefore, answer A is
incorrect.3,4 Attempts to target chemotherapy toward transformed histology
within metastatic teratomas have yielded mixed outcomes, with some studies
showing durable positive responses and
others showing no response.5-7 Notably,
Alessia C. Donadio, MD, and colleagues
demonstrated responses in patients with
malignancies of a single histologic subtype, whereas our patient presented
with 3 subtypes: rhabdomyosarcoma,
chondrosarcoma, and undifferentiated
spindle cell sarcoma. Further research
must be conducted to evaluate response

FIGURE 2. Lymph node immunohistochemical staining positive for
myogenin and desmin, 286 × 194 mm (300 × 300 dots per inch).
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to TGCT-directed and somatic-type malignant histology-directed chemotherapy in the metastatic setting, particularly
in patients with multiple histologic subtypes. Thus, answer B is incorrect.

RNA-seq and Transcriptome
Sequencing of Tumor Sample
To explore the genomic and transcriptomic landscape of this cancer and
identify potential therapeutic targets,
a tumor–normal next-generation sequencing (NGS) assay integrated with
whole transcriptome RNA sequencing
was conducted on specimens collected from the patient’s interaortocaval
lymph node metastasis. Transcriptomic
profiling by RNA sequencing indicated
ERBB3 to be the only overexpressed
gene. The ERBB3 gene, located on chromosome 12, codes for HER3, a tyrosine
kinase receptor typically expressed in
membranes of epithelial cells. Somatic
mutation of ERBB3 has been reported
in certain digestive tract carcinomas and
urothelial carcinomas.8
The NGS-based assay consisted of
a targeted panel of 648 genes (xT 648
panel) that have commonly been associated with both solid and hematological
cancers. The xT 648 panel indicated no
pathogenic germline variants. However,
a KRAS (p.G12C) missense variant in
exon 2 was identified as the sole somatic
mutation, with a variant allele fraction
of 59.7%. The KRAS gene is 1 of the
3 members in the RAS family of oncogenes that are responsible for mediating
a myriad of cellular processes related to
growth and differentiation through GTPase signaling.9
Although KRAS G12C mutations are
most prevalent in non–small cell lung
cancer (NSCLC) and colorectal cancer,
KRAS mutations have also been reported in TGCTs at different codons.10,11
The fact that KRAS G12C was the sole
mutation found in this panel suggests
that this mutation might be a driver for
the malignant transformation process.
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Further, this detail presents a possible
avenue for treating platinum-resistant
TGCTs like teratoma. Of late, the drug
sotorasib (Lumakras) has been presented as the first-of-its kind KRAS G12C
inhibitor to target KRAS G12C–mutant
tumors. In 2021, the FDA granted approval of sotorasib for the treatment of
NSCLC. No data exist to support the use
of adjuvant transformed histology–directed targeted therapy for TGCTs with
somatic-type malignant components.
Further research must be conducted to
evaluate transformed histology response
to targeted therapy. Therefore, answer
C is incorrect. However, salvage therapy with sotorasib may be offered, with
research potential, should the patient relapse with similar somatic components.
Regarding immunotherapy markers,
results revealed a microsatellite stable
(MSS) tumor with a mutational burden
(TMB) of 3.7 m/MB (50th percentile).
Given that TGCTs are not known to
have high TMB, it is not surprising that
this case would be in the 50th percentile
compared with other tumors.12 Given
the tumor’s low TMB and MSS status,
there is decreased likelihood of triggering an immune response; the tumor
would likely not respond to immune
checkpoint inhibitor therapy.13,14 Thus,
answer E is incorrect.

Circulating miR-371a-3p Levels
From Collected Serum
Essential to diagnosis of TGCTs are
serum tumor markers (STMs); they
inform staging and risk stratification.
Current conventional STMs utilized
in clinical diagnosis include AFP, hCG,
and LDH. Unfortunately, these 3 markers have limited performance in certain
subtypes of TGCTs, including teratomas
and seminomas.15 Recently, certain microRNAs (miRNAs) have been posited
as potential biomarkers for some TGCT
subtypes. miR-371a-3p has been proven
to have enhanced capability in detecting several TGCT subtypes, with some
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publications presenting sensitivity and
specificity values upward of 80% to
90%.16 Although these results are promising, miR-371a-3p is generally not elevated in typical cases of teratoma. A
multicenter study by Klaus-Peter Dieckmann, MD, and colleagues revealed that
in a cohort of 258 men, miR-371a-3p expression was minimally detectable in patients with pure teratoma.17 Despite miR371a-3p’s failed performance in pure
teratomas, the malignant transformation
element in this case suggested potential
for investigation. A miRNA assay was
performed on serum collected from the
patient both pre- and post lymphadenectomy. The target, miR-371a-3p, and the
reference gene, miR-30b-5p, were included in the assay. miR-371a-3p expression
was quantified via reverse transcription
polymerase chain reaction. Results revealed that miR-371a-3p was minimally
detected in pre- and postoperative serum
samples, suggesting no utility as a tumor
marker in this patient. The mean quantification cycle value for the preoperative
sample was 36.56, and miR-371a-3p was
undetected in the postoperative sample.

Outcome of This Case
No adjuvant treatment was offered to
the patient. The patient elected for active surveillance with guideline-compliant imaging of the chest, abdomen, and
pelvis along with STMs. Thus, answer D
is correct. One year after retroperitoneal
lymph node dissection, there is no evidence of disease recurrence. 
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In adult and pediatric patients 12 years and older

Intervene With Jakafi at the First Sign of
Initial Systemic Treatment Failure for cGVHD
Timely Diagnosis and Early Intervention Is Critical
to Prevent Potentially Irreversible Organ Damage1
Jakafi® (ruxolitinib) is indicated for treatment of chronic graft-versus-host disease (cGVHD) after
failure of one or two lines of systemic therapy in adult and pediatric patients 12 years and older.
Overall Response Rates Were Higher With Jakafi in Patients
With Moderate Disease Severity at Week 24 vs BAT3
REACH3 Primary Endpoint: ORR at Week 24
49.7% (82/165) with Jakafi vs 25.6% (42/164) with
100
BAT (OR: 2.99; 95% Cl, 1.86-4.80; P<0.0001)2,3 *†

Moderate

100

OR = 3.05

(95% CI: 1.59, 5.84)

80

ORR through Week 24

REACH3 Subgroup Analysis: ORR by Baseline Disease Severity
at Week 24 3,5

Patients, %

70% (116/165) with Jakafi
10.1%
• In the Jakafi Prescribing Information, efficacy was
40
based on ORR through week 24 (Cycle 7 Day 1) 4

Patients, %

59.5%

(47/79)
vs 57% (94/164) 60
with BAT4‡

59.5

60

(35/86)

(26/80)

20

28.8%
BAT

0

(95% CI: 1.46, 5.84)

10.1
40.7%

32.5% 40

49.4%

*Overall response rate was defined as the proportion of patients with
20 complete
or partial response, according to 2014 NIH consensus criteria, at Week 24. 2
†
One-sided P value, odds ratio, and 95% CI were calculated using stratified
2
Cochran-Mantel-Haenszel test, stratifying for moderate and severe
0 cGVHD.
‡
Defined as proportion of patients who achieved complete or partial response,
Jakafi
according to 2014 NIH response criteria, through Week 24 (Cycle 7 Day 1). 4

CR PR

Severe
Moderate GVHD
OR = 2.92

80

3.8%

3.5%3.8
19.0%

49.4

37.2%
Jakafi

Severe GVHD
40.7

32.5

28.8
BAT

(47/79)
(26/80)
Jakafi
OR=3.05 (95% CI, 1.59-5.84)

(16/84)

16.7%
BAT

Jakafi
BAT

3.5
19.0

37.2

2.4%

16.7

Jakafi

BAT

2.4

(35/86)
(16/84)
OR=2.92 (95% CI, 1.46-5.84)

BAT=best available therapy; BID=twice daily; CI=confidence interval; CR=complete response; HSCT=hematopoietic stem cell transplant; GI=gastrointestinal; OR=odds ratio;
ORR=overall response rate; PR=partial response.

IMPORTANT SAFETY INFORMATION
Treatment with Jakafi can cause thrombocytopenia, anemia and
neutropenia, which are each dose-related effects. Perform a
pre-treatment complete blood count (CBC) and monitor CBCs every
2 to 4 weeks until doses are stabilized, and then as clinically indicated
Manage thrombocytopenia by reducing the dose or temporarily
interrupting Jakafi. Platelet transfusions may be necessary
Patients developing anemia may require blood transfusions and/or
dose modifications of Jakafi
Severe neutropenia (ANC <0.5 × 109/L) was generally reversible by
withholding Jakafi until recovery
Serious bacterial, mycobacterial, fungal and viral infections have occurred.
Delay starting Jakafi until active serious infections have resolved. Observe
patients receiving Jakafi for signs and symptoms of infection and manage
promptly. Use active surveillance and prophylactic antibiotics according
to clinical guidelines

Advise patients about early signs and symptoms of herpes zoster and to
seek early treatment
Increases in hepatitis B viral load with or without associated elevations
in alanine aminotransferase and aspartate aminotransferase have been
reported in patients with chronic hepatitis B virus (HBV) infections.
Monitor and treat patients with chronic HBV infection according to
clinical guidelines
When discontinuing Jakafi, myeloproliferative neoplasm-related
symptoms may return within one week. After discontinuation, some
patients with myelofibrosis have experienced fever, respiratory
distress, hypotension, DIC, or multi-organ failure. If any of these occur
after discontinuation or while tapering Jakafi, evaluate and treat any
intercurrent illness and consider restarting or increasing the dose of
Jakafi. Instruct patients not to interrupt or discontinue Jakafi without
consulting their physician. When discontinuing or interrupting Jakafi for
reasons other than thrombocytopenia or neutropenia, consider gradual
tapering rather than abrupt discontinuation

Tuberculosis (TB) infection has been reported. Observe patients taking
Jakafi for signs and symptoms of active TB and manage promptly. Prior
to initiating Jakafi, evaluate patients for TB risk factors and test those at
higher risk for latent infection. Consult a physician with expertise in the
treatment of TB before starting Jakafi in patients with evidence of active
or latent TB. Continuation of Jakafi during treatment of active TB should
be based on the overall risk-benefit determination

Non-melanoma skin cancers (NMSC) including basal cell, squamous
cell, and Merkel cell carcinoma have occurred. Perform periodic skin
examinations

Progressive multifocal leukoencephalopathy (PML) has occurred with
Jakafi treatment. If PML is suspected, stop Jakafi and evaluate

Another JAK-inhibitor has increased the risk of major adverse
cardiovascular events (MACE), including cardiovascular death, myocardial
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Treatment with Jakafi has been associated with increases in total
cholesterol, low-density lipoprotein cholesterol, and triglycerides. Assess
lipid parameters 8-12 weeks after initiating Jakafi. Monitor and treat
according to clinical guidelines for the management of hyperlipidemia
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Overall Response Rates Were Higher With
Jakafi at Week 24 Regardless of Organs
Involved at Baseline vs BAT 3
REACH3 Subgroup Analysis: ORR at Week 24 by Baseline Organ Involvement 3,a
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Patients with >1 affected organ were counted in each organ subgroup. Organ involvement was defined as organ score ≥1 based on the cGVHD staging criteria. 3,6
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or unchanged response, developed toxicity to BAT, or experienced a cGVHD flare.

OR = 3.24
(95% CI: 1.86, 5.67)

Patients included in the study were 12 years and older, had undergone allogeneic
HSCT from any donor source/type, and had evident myeloid and platelet engraftment. 4
II
BATs included ibrutinib, extracorporeal photopheresis, low-dose methotrexate,
mycophenolate mofetil, rituximab, everolimus, sirolimus, imatinib, infliximab, or
pentostatin. 4
¶
Steroid-refractory disease was defined as lack of response or disease progression after
≥1 week of prednisone 1 mg/kg/day, disease persistence without improvement after
≥4 weeks of prednisone >0.5 mg/kg/day or 1 mg/kg every other day, or increase in
prednisone dose to >0.25 mg/kg/day after 2 unsuccessful attempts to taper the dose. 3,5
§

Intervene with Jakafi in your
appropriate patients with cGVHD.
Learn more at hcp.Jakafi.com

the most common nonhematologic adverse reactions (incidence >50%)
infarction, and stroke (compared to those treated with tumor TNF blockers)
were infections (pathogen not specified) and edema. In chronic graftin patients with rheumatoid arthritis, a condition for which Jakafi is not
versus-host disease, the most common nonhematologic adverse
indicated. Consider the benefits and risks for the individual patient prior to
reactions (incidence ≥20%) were infections (pathogen not specified)
initiating or continuing therapy with Jakafi particularly in patients who are
and viral infections
current or past smokers and patients with other cardiovascular risk
factors. Patients should be informed about the symptoms of serious
Avoid concomitant use with fluconazole doses greater than 200 mg. Dose
cardiovascular events and the steps to take if they occur
modifications may be required when administering Jakafi with fluconazole
doses of 200 mg or less, or with strong CYP3A4 inhibitors, or in patients
Another JAK-inhibitor has increased the risk of thrombosis, including
with renal or hepatic impairment. Patients should be closely monitored and
deep venous thrombosis (DVT), pulmonary embolism (PE), and arterial
the dose titrated based on safety and efficacy
thrombosis (compared to those treated with TNF blockers) in patients
with rheumatoid arthritis, a condition for which Jakafi is not indicated.
Use of Jakafi during pregnancy is not recommended and should only be
In patients with myelofibrosis (MF) and polycythemia vera (PV) treated
used if the potential benefit justifies the potential risk to the fetus. Women
with Jakafi in clinical trials, the rates of thromboembolic events were
taking Jakafi should not breastfeed during treatment and for 2 weeks after
similar in Jakafi and control treated patients. Patients with symptoms of
the final dose
thrombosis should be promptly evaluated and treated appropriately
Please see Brief Summary of Full Prescribing Information for Jakafi on
Another JAK-inhibitor has increased the risk of lymphoma and other
the following pages.
malignancies excluding NMSC (compared to those treated with TNF
blockers) in patients with rheumatoid arthritis, a condition for which
References: 1. Lee SJ, Flower MED. Recognizing and managing chronic graft-versus-host
disease. Am Soc Hematol. 2008;(1):134-141. 2. Zeiser R, Polverelli N, Ram R, et al; for the REACH3
Jakafi is not indicated. Patients who are current or past smokers are
Investigators. Ruxolitinib for glucocorticoid-refractory chronic graft-versus-host disease. N Engl J
at additional increased risk. Consider the benefits and risks for the
Med. 2021;385(3):228-238. 3. Zeiser R, Polverelli N, Ram R, et al; for the REACH3 Investigators.
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Transplant. 2015;21(3):389-401.e1.
In myelofibrosis and polycythemia vera, the most common
nonhematologic adverse reactions (incidence ≥15%) were bruising,
Jakafi and the Jakafi logo are registered trademarks of Incyte.
dizziness, headache, and diarrhea. In acute graft-versus-host disease,
© 2022, Incyte. MAT-JAK-03837 04/22

ONC0622_378-382_Incyte-Jakafi.indd 379

6/2/22 9:24 AM

BRIEF SUMMARY: For Full Prescribing Information,
see package insert.
INDICATIONS AND USAGE Myelofibrosis Jakafi is
indicated for treatment of intermediate or high-risk
myelofibrosis (MF), including primary MF,
post-polycythemia vera MF and post-essential
thrombocythemia MF in adults. Polycythemia Vera Jakafi
is indicated for treatment of polycythemia vera (PV) in
adults who have had an inadequate response to or are
intolerant of hydroxyurea. Acute Graft-Versus-Host
Disease Jakafi is indicated for treatment of steroidrefractory acute graft-versus-host disease (aGVHD) in adult
and pediatric patients 12 years and older. Chronic GraftVersus-Host Disease Jakafi is indicated for treatment of
chronic graft-versus-host disease (cGVHD) after failure of
one or two lines of systemic therapy in adult and pediatric
patients 12 years and older.
CONTRAINDICATIONS None.
WARNINGS AND PRECAUTIONS Thrombocytopenia,
Anemia and Neutropenia Treatment with Jakafi can
cause thrombocytopenia, anemia and neutropenia. [see
Adverse Reactions (6.1) in Full Prescribing Information].
Manage thrombocytopenia by reducing the dose or
temporarily interrupting Jakafi. Platelet transfusions may
be necessary [see Dosage and Administration (2) in Full
Prescribing Information]. Patients developing anemia may
require blood transfusions and/or dose modifications of
Jakafi. Severe neutropenia (ANC less than 0.5 × 109/L)
was generally reversible by withholding Jakafi until
recovery. Perform a pre-treatment complete blood count
(CBC) and monitor CBCs every 2 to 4 weeks until doses
are stabilized, and then as clinically indicated [see
Dosage and Administration (2) in Full Prescribing
Information]. Risk of Infection Serious bacterial,
mycobacterial, fungal and viral infections have occurred
[see Adverse Reactions (6.1) in Full Prescribing
Information]. Delay starting therapy with Jakafi until
active serious infections have resolved. Observe patients
receiving Jakafi for signs and symptoms of infection and
manage promptly. Use active surveillance and
prophylactic antibiotics according to clinical guidelines.
Tuberculosis Tuberculosis infection has been reported in
patients receiving Jakafi. Observe patients receiving
Jakafi for signs and symptoms of active tuberculosis and
manage promptly. Prior to initiating Jakafi, patients
should be evaluated for tuberculosis risk factors, and
those at higher risk should be tested for latent infection.
Risk factors include, but are not limited to, prior residence
in or travel to countries with a high prevalence of
tuberculosis, close contact with a person with active
tuberculosis, and a history of active or latent tuberculosis
where an adequate course of treatment cannot be
confirmed. For patients with evidence of active or latent
tuberculosis, consult a physician with expertise in the
treatment of tuberculosis before starting Jakafi. The
decision to continue Jakafi during treatment of active
tuberculosis should be based on the overall risk-benefit
determination. Progressive Multifocal
Leukoencephalopathy Progressive multifocal
leukoencephalopathy (PML) has occurred with Jakafi
treatment. If PML is suspected, stop Jakafi and evaluate.
Herpes Zoster Advise patients about early signs and
symptoms of herpes zoster and to seek treatment as
early as possible if suspected. Hepatitis B Hepatitis B viral
load (HBV-DNA titer) increases, with or without associated
elevations in alanine aminotransferase and aspartate
aminotransferase, have been reported in patients with
chronic HBV infections taking Jakafi. The effect of Jakafi
on viral replication in patients with chronic HBV infection
is unknown. Patients with chronic HBV infection should
be treated and monitored according to clinical guidelines.
Symptom Exacerbation Following Interruption or
Discontinuation of Treatment with Jakafi Following
discontinuation of Jakafi, symptoms from
myeloproliferative neoplasms may return to pretreatment
levels over a period of approximately one week. Some
patients with MF have experienced one or more of the
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following adverse events after discontinuing Jakafi: fever,
respiratory distress, hypotension, DIC, or multi-organ
failure. If one or more of these occur after discontinuation
of, or while tapering the dose of Jakafi, evaluate for and
treat any intercurrent illness and consider restarting or
increasing the dose of Jakafi. Instruct patients not to
interrupt or discontinue Jakafi therapy without consulting
their physician. When discontinuing or interrupting
therapy with Jakafi for reasons other than
thrombocytopenia or neutropenia [see Dosage and
Administration (2.7) in Full Prescribing Information],
consider tapering the dose of Jakafi gradually rather than
discontinuing abruptly. Non-Melanoma Skin Cancer
(NMSC) Non-melanoma skin cancers including basal cell,
squamous cell, and Merkel cell carcinoma have occurred
in patients treated with Jakafi. Perform periodic skin
examinations. Lipid Elevations Treatment with Jakafi has
been associated with increases in lipid parameters
including total cholesterol, low-density lipoprotein (LDL)
cholesterol, and triglycerides [see Adverse Reactions (6.1)
in Full Prescribing Information]. The effect of these lipid
parameter elevations on cardiovascular morbidity and
mortality has not been determined in patients treated
with Jakafi. Assess lipid parameters approximately 8-12
weeks following initiation of Jakafi therapy. Monitor and
treat according to clinical guidelines for the management
of hyperlipidemia. Major Adverse Cardiovascular
Events (MACE) Another JAK-inhibitor has increased the
risk of MACE, including cardiovascular death, myocardial
infarction, and stroke (compared to those treated with
TNF blockers) in patients with rheumatoid arthritis, a
condition for which Jakafi is not indicated. Consider the
benefits and risks for the individual patient prior to
initiating or continuing therapy with Jakafi particularly in
patients who are current or past smokers and patients
with other cardiovascular risk factors. Patients should be
informed about the symptoms of serious cardiovascular
events and the steps to take if they occur. Thrombosis
Another JAK-inhibitor has increased the risk of
thrombosis, including deep venous thrombosis (DVT),
pulmonary embolism (PE), and arterial thrombosis
(compared to those treated with TNF blockers) in patients
with rheumatoid arthritis, a condition for which Jakafi is
not indicated. In patients with MF and PV treated with
Jakafi in clinical trials, the rates of thromboembolic
events were similar in Jakafi and control treated patients.
Patients with symptoms of thrombosis should be
promptly evaluated and treated appropriately. Secondary
Malignancies Another JAK-inhibitor has increased the
risk of lymphoma and other malignancies excluding
NMSC (compared to those treated with TNF blockers) in
patients with rheumatoid arthritis, a condition for which
Jakafi is not indicated. Patients who are current or past
smokers are at additional increased risk. Consider the
benefits and risks for the individual patient prior to
initiating or continuing therapy with Jakafi, particularly in
patients with a known secondary malignancy (other than
a successfully treated NMSC), patients who develop a
malignancy, and patients who are current or past
smokers. ADVERSE REACTIONS The following clinically
significant adverse reactions are discussed in greater
detail in other sections of the labeling: • Thrombocytopenia,
Anemia and Neutropenia [see Warnings and Precautions
(5.1) in Full Prescribing Information] • Risk of Infection
[see Warnings and Precautions (5.2) in Full Prescribing
Information] • Symptom Exacerbation Following
Interruption or Discontinuation of Treatment with Jakafi
[see Warnings and Precautions (5.3) in Full Prescribing
Information ] • Non-Melanoma Skin Cancer [see Warnings
and Precautions (5.4) in Full Prescribing Information]
• Lipid Elevations [see Warnings and Precautions (5.5)
in Full Prescribing Information] • Major Adverse
Cardiovascular Events (MACE) [see Warnings and Precautions
(5.6) in Full Prescribing Information] • Thrombosis [see
Warnings and Precautions (5.7) in Full Prescribing
Information] • Secondary Malignancies [see Warnings and
Precautions (5.8) in 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.

Myelofibrosis The safety of Jakafi was assessed in 617
patients in six clinical studies with a median duration of
follow-up of 10.9 months, including 301 patients with MF in
two Phase 3 studies. In these two Phase 3 studies,
patients had a median duration of exposure to Jakafi of
9.5 months (range 0.5 to 17 months), with 89%
of patients treated for more than 6 months and 25% treated
for more than 12 months. One hundred and eleven (111)
patients started treatment at 15 mg twice daily and 190
patients started at 20 mg twice daily. In patients starting
treatment with 15 mg twice daily (pretreatment platelet
counts of 100 to 200 × 109/L) and 20 mg twice daily
(pretreatment platelet counts greater than 200 × 109/L),
65% and 25% of patients, respectively, required a dose
reduction below the starting dose within the first 8 weeks
of therapy. In a double-blind, randomized, placebocontrolled study of Jakafi, among the 155 patients
treated with Jakafi, the most frequent adverse reactions
were thrombocytopenia and anemia [see Table 2].
Thrombocytopenia, anemia and neutropenia are dose-related
effects. The three most frequent nonhematologic adverse
reactions were bruising, dizziness and headache [see
Table 1]. Discontinuation for adverse events, regardless of
causality, was observed in 11% of patients treated with Jakafi
and 11% of patients treated with placebo. Table 1 presents
the most common nonhematologic adverse reactions
occurring in patients who received Jakafi in the double-blind,
placebo-controlled study during randomized treatment.
Table 1: Myelofibrosis: Nonhematologic Adverse
Reactions Occurring in Patients on Jakafi in
the Double-blind, Placebo-controlled Study
During Randomized Treatment
Jakafi
Placebo
(N=155)
(N=151)
All Grade Grade All Grade Grade
Gradesa 3
4 Grades 3
4
Adverse
(%) (%) (%) (%) (%) (%)
Reactions
b
Bruising
23 < 1
0
15
0
0
18 < 1
0
7
0
0
Dizzinessc
Headache
15
0
0
5
0
0
Urinary Tract
9
0
0
5
<1 <1
Infectionsd
Weight Gaine
7
<1
0
1
<1
0
Flatulence
5
0
0
<1
0
0
Herpes Zosterf
2
0
0
<1
0
0
National Cancer Institute Common Terminology Criteria for Adverse Events
(CTCAE), version 3.0
includes contusion, ecchymosis, hematoma, injection site hematoma,
periorbital hematoma, vessel puncture site hematoma, increased tendency
to bruise, petechiae, purpura
c
includes dizziness, postural dizziness, vertigo, balance disorder, Meniere’s
Disease, labyrinthitis
d
includes urinary tract infection, cystitis, urosepsis, urinary tract infection
bacterial, kidney infection, pyuria, bacteria urine, bacteria urine identified,
nitrite urine present
e
includes weight increased, abnormal weight gain
f
includes herpes zoster and post-herpetic neuralgia
a

b

Description of Selected Adverse Reactions: Anemia
In the two Phase 3 clinical studies, median time to
onset of first CTCAE Grade 2 or higher anemia was
approximately 6 weeks. One patient (< 1%) discontinued
treatment because of anemia. In patients receiving Jakafi,
mean decreases in hemoglobin reached a nadir of
approximately 1.5 to 2.0 g/dL below baseline after 8 to 12
weeks of therapy and then gradually recovered to reach a
new steady state that was approximately 1.0 g/dL below
baseline. This pattern was observed in patients regardless
of whether they had received transfusions during therapy.
In the randomized, placebo-controlled study, 60% of
patients treated with Jakafi and 38% of patients receiving
placebo received red blood cell transfusions during
randomized treatment. Among transfused patients, the
median number of units transfused per month was 1.2
in patients treated with Jakafi and 1.7 in placebo treated
patients. Thrombocytopenia In the two Phase 3 clinical
studies, in patients who developed Grade 3 or 4
thrombocytopenia, the median time to onset was
approximately 8 weeks. Thrombocytopenia was generally
reversible with dose reduction or dose interruption.
The median time to recovery of platelet counts above
50 × 109/L was 14 days. Platelet transfusions were
administered to 5% of patients receiving Jakafi and to 4%
of patients receiving control regimens. Discontinuation
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of treatment because of thrombocytopenia occurred in
< 1% of patients receiving Jakafi and < 1% of patients
receiving control regimens. Patients with a platelet count
of 100 × 109/L to 200 × 109/L before starting Jakafi had
a higher frequency of Grade 3 or 4 thrombocytopenia
compared to patients with a platelet count greater than
200 × 109/L (17% versus 7%). Neutropenia In the two
Phase 3 clinical studies, 1% of patients reduced or stopped
Jakafi because of neutropenia. Table 2 provides the
frequency and severity of clinical hematology abnormalities
reported for patients receiving treatment with Jakafi or
placebo in the placebo-controlled study.
Table 2: Myelofibrosis: Worst Hematology Laboratory
Abnormalities in the Placebo-Controlled Studya
Jakafi
Placebo
(N=155)
(N=151)
All Grade Grade All Grade Grade
Laboratory
Gradesb 3
4 Grades 3
4
Parameter
(%)
(%) (%) (%) (%) (%)
Thrombocytopenia
70
9
4
31
1
0
Anemia
96
34 11
87
16
3
Neutropenia
19
5
2
4
<1 1
a
b

Presented values are worst Grade values regardless of baseline
National Cancer Institute Common Terminology Criteria for Adverse Events,
version 3.0

Additional Data from the Placebo-Controlled Study
• 25% of patients treated with Jakafi and 7% of patients
treated with placebo developed newly occurring or
worsening Grade 1 abnormalities in alanine transaminase
(ALT). The incidence of greater than or equal to Grade 2
elevations was 2% for Jakafi with 1% Grade 3 and no
Grade 4 ALT elevations. • 17% of patients treated with
Jakafi and 6% of patients treated with placebo developed
newly occurring or worsening Grade 1 abnormalities in
aspartate transaminase (AST). The incidence of Grade 2
AST elevations was < 1% for Jakafi with no Grade 3 or 4
AST elevations. • 17% of patients treated with Jakafi and
< 1% of patients treated with placebo developed newly
occurring or worsening Grade 1 elevations in cholesterol.
The incidence of Grade 2 cholesterol elevations was
< 1% for Jakafi with no Grade 3 or 4 cholesterol
elevations. Polycythemia Vera In a randomized,
open-label, active-controlled study, 110 patients with PV
resistant to or intolerant of hydroxyurea received Jakafi
and 111 patients received best available therapy [see
Clinical Studies (14.2) in Full Prescribing Information].
The most frequent adverse reaction was anemia.
Discontinuation for adverse events, regardless of
causality, was observed in 4% of patients treated with
Jakafi. Table 3 presents the most frequent nonhematologic
adverse reactions occurring up to Week 32.
Table 3: Polycythemia Vera: Nonhematologic Adverse
Reactions Occurring in ≥ 5% of Patients on
Jakafi in the Open-Label, Active-controlled
Study up to Week 32 of Randomized Treatment
Jakafi
Best Available
(N=110)
Therapy (N=111)
Grade
All
Grade
All
3-4
Gradesa 3-4 Grades
Adverse Reactions
(%)
(%)
(%)
(%)
Diarrhea
15
0
7
<1
Dizzinessb
15
0
13
0
Dyspneac
13
3
4
0
Muscle Spasms
12
<1
5
0
Constipation
8
0
3
0
Herpes Zosterd
6
<1
0
0
Nausea
6
0
4
0
Weight Gaine
6
0
<1
0
Urinary Tract Infectionsf
6
0
3
0
Hypertension
5
<1
3
<1
National Cancer Institute Common Terminology Criteria for Adverse Events
(CTCAE), version 3.0
includes dizziness and vertigo
c
includes dyspnea and dyspnea exertional
d
includes herpes zoster and post-herpetic neuralgia
e
includes weight increased and abnormal weight gain
f
includes urinary tract infection and cystitis
a

b

Clinically relevant laboratory abnormalities are shown
in Table 4.
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Table 4: Polycythemia Vera: Selected Laboratory
Abnormalities in the Open-Label, Activecontrolled Study up to Week 32 of
Randomized Treatmenta
Jakafi
Best Available
(N=110)
Therapy (N=111)
All Grade Grade All Grade Grade
Laboratory
Gradesb 3
4 Grades 3
4
Parameter
(%) (%) (%) (%) (%) (%)
Hematology
Anemia
72
< 1 < 1 58
0
0
Thrombocytopenia
27
5 < 1 24
3 <1
Neutropenia
3
0 < 1 10 < 1 0
Chemistry
Hypercholesterolemia 35
0
0
8
0
0
Elevated ALT
25
<1 0
16
0
0
Elevated AST
23
0
0
23 < 1 0
Hypertriglyceridemia 15
0
0
13
0
0
a
b

Presented values are worst Grade values regardless of baseline
National Cancer Institute Common Terminology Criteria for Adverse Events,
version 3.0

Acute Graft-Versus-Host Disease In a single-arm,
open-label study, 71 adults (ages 18-73 years) were
treated with Jakafi for aGVHD failing treatment with
steroids with or without other immunosuppressive drugs
[see Clinical Studies (14.3) in Full Prescribing Information].
The median duration of treatment with Jakafi was 46 days
(range, 4-382 days). There were no fatal adverse reactions
to Jakafi. An adverse reaction resulting in treatment
discontinuation occurred in 31% of patients. The most
common adverse reaction leading to treatment
discontinuation was infection (10%). Table 5 shows the
adverse reactions other than laboratory abnormalities.
Table 5: Acute Graft-Versus-Host Disease:
Nonhematologic Adverse Reactions Occurring
in ≥ 15% of Patients in the Open-Label, SingleCohort Study
Adverse Reactionsa
Infections (pathogen
not specified)
Edema
Hemorrhage
Fatigue
Bacterial infections
Dyspnea
Viral infections
Thrombosis
Diarrhea
Rash
Headache
Hypertension
Dizziness
a
b

Jakafi (N=71)
All Gradesb (%) Grade 3-4 (%)
55

41

51
49
37
32
32
31
25
24
23
21
20
16

13
20
14
28
7
14
11
7
3
4
13
0

Selected laboratory abnormalities are listed in Table 6 below
National Cancer Institute Common Terminology Criteria for Adverse Events
(CTCAE), version 4.03

Selected laboratory abnormalities during treatment with
Jakafi are shown in Table 6.
Table 6: Acute Graft-Versus-Host Disease: Selected
Laboratory Abnormalities Worsening from
Baseline in the Open-Label, Single Cohort Study
Jakafi (N=71)
Worst grade during treatment
Laboratory Parameter All Gradesa (%) Grade 3-4 (%)
Hematology
Anemia
75
45
Thrombocytopenia
75
61
Neutropenia
58
40
Chemistry
Elevated ALT
48
8
Elevated AST
48
6
Hypertriglyceridemia
11
1
a

National Cancer Institute Common Terminology Criteria for Adverse Events,
version 4.03

Chronic Graft-Versus-Host Disease In a Phase 3,
randomized, open-label, multi-center study, 165 patients
were treated with Jakafi and 158 patients were treated
with best available therapy for cGVHD failing treatment
with steroids with or without other immunosuppressive

drugs [see Clinical Studies (14.4) in full Prescribing
Information]; sixty-five patients crossed over from best
available therapy to treatment with Jakafi, for a total of
230 patients treated with Jakafi. The median duration of
exposure to Jakafi for the study was 49.7 weeks (range, 0.7
to 144.9 weeks) in the Jakafi arm. One hundred and nine
(47%) patients were on Jakafi for at least 1 year. There were
five fatal adverse reactions to Jakafi, including 1 from toxic
epidermal necrolysis and 4 from neutropenia, anemia and/or
thrombocytopenia. An adverse reaction resulting in treatment
discontinuation occurred in 18% of patients treated with
Jakafi. An adverse reaction resulting in dose modification
occurred in 27%, and an adverse reaction resulting in
treatment interruption occurred in 23%. The most common
hematologic adverse reactions (incidence > 35%) are
anemia and thrombocytopenia. The most common
nonhematologic adverse reactions (incidence ≥ 20%) are
infections (pathogen not specified) and viral infection. Table 7
presents the most frequent nonlaboratory adverse reactions
occurring up to Cycle 7 Day 1 of randomized treatment.
Table 7: Chronic Graft-Versus-Host Disease: All-Grade
(≥ 10%) and Grades 3-5 (≥ 3%) Nonlaboratory
Adverse Reactions Occurring in Patients in the
Open-Label, Active-controlled Study up to Cycle
7 Day 1 of Randomized Treatment
Jakafi
Best Available
(N = 165)
Therapy (N = 158)
All
Grade All
Grade
Gradesa ≥ 3 Grades
≥3
(%)
(%)
(%)
(%)
Adverse Reactionsb
Infections and infestations
Infections (pathogen
45
15
44
16
not specified)
Viral infections
28
5
23
5
Musculoskeletal and connective tissue disorders
Musculoskeletal pain
18
1
13
0
General disorders and administration site conditions
Pyrexia
16
2
9
1
Fatigue
13
1
10
2
Edema
10
1
12
1
Vascular disorders
Hypertension
16
5
13
7
Hemorrhage
12
2
15
2
Respiratory, thoracic and mediastinal disorders
Cough
13
0
8
0
Dyspnea
11
1
8
1
Gastrointestinal disorders
Nausea
12
0
13
2
Diarrhea
10
1
13
1
a

b

National Cancer Institute Common Terminology Criteria for Adverse Events
(CTCAE), version 4.03
Grouped terms that are composites of applicable adverse reaction terms.

Clinically relevant laboratory abnormalities are shown in
Table 8.
Table 8: Chronic Graft-Versus-Host Disease: Selected
Laboratory Abnormalities in the Open-Label,
Active-controlled Study up to Cycle 7 Day 1
of Randomized Treatmenta
Jakafi
Best Available
(N=165)
Therapy (N=158)
All
Grade
All
Grade
Gradesb ≥ 3 Grades
≥3
Laboratory Test
(%)
(%)
(%)
(%)
Hematology
Anemia
82
13
75
8
Thrombocytopenia
27
12
23
9
Neutropenia
58
20
54
17
Chemistry
Hypercholesterolemia
88
10
85
8
Elevated AST
65
5
54
6
Elevated ALT
73
11
71
16
Gamma
glutamyltransferase
81
42
75
38
increased
Creatinine increased
47
1
40
2
Elevated lipase
38
12
30
9
Elevated amylase
35
8
25
4
a
b

Presented values are worst Grade values regardless of baseline
National Cancer Institute Common Terminology Criteria for Adverse Events,
version 4.03
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DRUG INTERACTIONS Fluconazole Concomitant use
of Jakafi with fluconazole increases ruxolitinib exposure
[see Clinical Pharmacology (12.3) in Full Prescribing
Information], which may increase the risk of exposurerelated adverse reactions. Avoid concomitant use of
Jakafi with fluconazole doses of greater than 200 mg
daily. Reduce the Jakafi dosage when used concomitantly
with fluconazole doses of less than or equal to 200 mg
[see Dosage and Administration (2.5) in Full Prescribing
Information]. Strong CYP3A4 Inhibitors Concomitant
use of Jakafi with strong CYP3A4 inhibitors increases
ruxolitinib exposure [see Clinical Pharmacology (12.3) in
Full Prescribing Information], which may increase the risk
of exposure-related adverse reactions. Reduce the Jakafi
dosage when used concomitantly with strong CYP3A4
inhibitors except in patients with aGVHD or cGVHD
[see Dosage and Administration (2.5) in Full Prescribing
Information]. Strong CYP3A4 Inducers Concomitant use
of Jakafi with strong CYP3A4 inducers may decrease
ruxolitinib exposure [see Clinical Pharmacology (12.3) in
Full Prescribing Information], which may reduce efficacy
of Jakafi. Monitor patients frequently and adjust the
Jakafi dose based on safety and efficacy [see Clinical
Pharmacology (12.3) in Full Prescribing Information].
USE IN SPECIFIC POPULATIONS Pregnancy: Risk
Summary When pregnant rats and rabbits were
administered ruxolitinib during the period of
organogenesis adverse developmental outcomes
occurred at doses associated with maternal toxicity
(see Data). There are no studies with the use of Jakafi
in pregnant women to inform drug-associated risks. The
background risk of major birth defects and miscarriage
for the indicated populations is unknown. Adverse
outcomes in pregnancy occur regardless of the health
of the mother or the use of medications. The background
risk in the U.S. general population of major birth defects
is 2% to 4% and miscarriage is 15% to 20% of clinically
recognized pregnancies. Data: Animal Data Ruxolitinib
was administered orally to pregnant rats or rabbits during
the period of organogenesis, at doses of 15, 30 or
60 mg/kg/day in rats and 10, 30 or 60 mg/kg/day in
rabbits. There were no treatment-related malformations.
Adverse developmental outcomes, such as decreases of
approximately 9% in fetal weights were noted in rats at
the highest and maternally toxic dose of 60 mg/kg/day.
This dose results in an exposure (AUC) that is
approximately 2 times the clinical exposure at the
maximum recommended dose of 25 mg twice daily.
In rabbits, lower fetal weights of approximately 8%
and increased late resorptions were noted at the highest
and maternally toxic dose of 60 mg/kg/day. This dose
is approximately 7% the clinical exposure at the
maximum recommended dose. In a pre- and post-natal
development study in rats, pregnant animals were dosed
with ruxolitinib from implantation through lactation at
doses up to 30 mg/kg/day. There were no drug-related
adverse findings in pups for fertility indices or for
maternal or embryofetal survival, growth and
development parameters at the highest dose evaluated
(34% the clinical exposure at the maximum
recommended dose of 25 mg twice daily). Lactation:
Risk Summary No data are available regarding the
presence of ruxolitinib in human milk, the effects on
the breast fed child, or the effects on milk production.
Ruxolitinib and/or its metabolites were present in the milk
of lactating rats (see Data). Because many drugs are
present in human milk and because of the potential for
thrombocytopenia and anemia shown for Jakafi in human
studies, discontinue breastfeeding during treatment with
Jakafi and for two weeks after the final dose. Data:
Animal Data Lactating rats were administered a single
dose of [14C]-labeled ruxolitinib (30 mg/kg) on postnatal
Day 10, after which plasma and milk samples were
collected for up to 24 hours. The AUC for total
radioactivity in milk was approximately 13-fold the
maternal plasma AUC. Additional analysis showed the
presence of ruxolitinib and several of its metabolites in
milk, all at levels higher than those in maternal plasma.
Pediatric Use The safety and effectiveness of Jakafi for
treatment of myelofibrosis or polycythemia vera in
pediatric patients have not been established. The safety
and effectiveness of Jakafi for treatment of

ONC0622_378-382_Incyte-Jakafi.indd 382

steroid-refractory aGVHD has been established for
treatment of children 12 years and older. Use of Jakafi
in pediatric patients with steroid-refractory aGVHD
is supported by evidence from adequate and
well-controlled trials of Jakafi in adults [see Clinical
Studies (14.3) in Full Prescribing Information] and
additional pharmacokinetic and safety data in pediatric
patients. The safety and effectiveness of Jakafi for
treatment of steroid-refractory aGVHD has not been
established in pediatric patients younger than 12 years
old. The safety and effectiveness of Jakafi for treatment
of cGVHD after failure of one or two lines of systemic
therapy has been established for treatment of children
12 years and older. Use of Jakafi in pediatric patients
with cGVHD after failure of one or two lines of systemic
therapy is supported by evidence from adequate and
well-controlled trials of Jakafi in adults and adolescents
[see Clinical Studies (14.3, 14.4) in Full Prescribing
Information] and additional pharmacokinetic and safety
data in pediatric patients. The safety and effectiveness of
Jakafi for treatment of cGVHD has not been established in
pediatric patients younger than 12 years old. Jakafi was
evaluated in a single-arm, dose-escalation study
(NCT01164163) in 27 pediatric patients with relapsed or
refractory solid tumors (Cohort A) and 20 with leukemias or
myeloproliferative neoplasms (Cohort B). The patients had
a median age of 14 years (range, 2 to 21 years) and
included 18 children (age 2 to < 12 years), and 14
adolescents (age 12 to < 17 years). The dose levels tested
were 15, 21, 29, 39, or 50 mg/m2 twice daily in 28-day
cycles with up to 6 patients per dose group. Overall, 38
(81%) patients were treated with no more than a single
cycle of Jakafi, while 3, 1, 2, and 3 patients received 2, 3, 4,
and 5 or more cycles, respectively. A protocol-defined
maximal tolerated dose was not observed, but since few
patients were treated for multiple cycles, tolerability with
continued use was not assessed adequately to establish a
recommended Phase 2 dose higher than the recommended
dose for adults. The safety profile in children was similar
to that seen in adults. Juvenile Animal Toxicity Data
Administration of ruxolitinib to juvenile rats resulted in
effects on growth and bone measures. When administered
starting at postnatal day 7 (the equivalent of a human
newborn) at doses of 1.5 to 75 mg/kg/day, evidence of
fractures occurred at doses ≥ 30 mg/kg/day, and effects
on body weight and other bone measures [e.g., bone
mineral content, peripheral quantitative computed
tomography, and x-ray analysis] occurred at doses
≥ 5 mg/kg/day. When administered starting at postnatal
day 21 (the equivalent of a human 2-3 years of age) at
doses of 5 to 60 mg/kg/day, effects on body weight and
bone occurred at doses ≥ 15 mg/kg/day, which were
considered adverse at 60 mg/kg/day. Males were more
severely affected than females in all age groups, and
effects were generally more severe when administration
was initiated earlier in the postnatal period. These
findings were observed at exposures that are at least
27% the clinical exposure at the maximum recommended
dose of 25 mg twice daily. Geriatric Use Of the total
number of patients with MF in clinical studies with Jakafi,
52% were 65 years and older, while 15% were 75 years
and older. No overall differences in safety or effectiveness
of Jakafi were observed between these patients and
younger patients. Clinical studies of Jakafi in patients
with aGVHD did not include sufficient numbers of subjects
age 65 and over to determine whether they respond
differently from younger subjects. Of the total number of
patients with cGVHD treated with Jakafi in clinical trials,
11% were 65 years and older. No overall differences in
safety or effectiveness of Jakafi were observed between
these patients and younger patients. Renal Impairment
Total exposure of ruxolitinib and its active metabolites
increased with moderate (CLcr 30 to 59 mL/min) and
severe (CLcr 15 to 29 mL/min) renal impairment, and
ESRD (CLcr less than 15 mL/min) on dialysis [see Clinical
Pharmacology (12.3) in Full Prescribing Information].
Modify Jakafi dosage as recommended [see Dosage and
Administration (2.6) in full Prescribing Information].
Hepatic Impairment Exposure of ruxolitinib increased
with mild (Child-Pugh A), moderate (Child-Pugh B) and
severe (Child-Pugh C) hepatic impairment [see Clinical
Pharmacology (12.3) in full Prescribing Information].

Reduce Jakafi dosage as recommended in patients with
MF or PV with hepatic impairment [see Dosage and
Administration (2.6) in full Prescribing Information].
Reduce Jakafi dosage as recommended for patients with
Stage 4 liver aGVHD. Monitor blood counts more
frequently for toxicity and modify the Jakafi dosage for
adverse reactions if they occur for patients with Score 3
liver cGVHD [see Dosage and Administration (2.6) and
Clinical Pharmacology (12.3) in full Prescribing
Information]. OVERDOSAGE There is no known antidote
for overdoses with Jakafi. Single doses up to 200 mg
have been given with acceptable acute tolerability. Higher
than recommended repeat doses are associated with
increased myelosuppression including leukopenia,
anemia and thrombocytopenia. Appropriate supportive
treatment should be given. Hemodialysis is not expected
to enhance the elimination of Jakafi.
Jakafi is a registered trademark of Incyte.
U.S. Patent Nos. 7598257; 8415362; 8722693; 8822481;
8829013; 9079912; 9814722; 10016429
© 2011-2021 Incyte Corporation.
Revised: September 2021 PLR-JAK-00054
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Prolonged Ruxolitinib Use After
HCT Averts Serious GVHD

Iomab-B Conditioning Produces High
Rates of HCT in R/R AML

Multiple phase 2 studies evaluating the prolonged use of
ruxolitinib (Jakafi) after hematopoietic cell transplantation
(HCT) show its potential to prevent serious graft-vs-host
disease (GVHD).
Although recent advances have informed novel and
effective approaches to combat GVHD, prevention warrants
further investigation, motivating the research.
Among the phase 2 studies were those evaluating ruxolitinib activity in patients with acute myeloid leukemia
(NCT03286530) and with myelofibrosis (NCT03427866).
At the time of analysis, the median follow-up among survivors was 18 months (range, 7-43). Between both patient populations, grade 2 acute GVHD appeared in 24% of patients
(95% CI, 14%-36%) at 6 months, and no cases of grade 3 or
4 acute GVHD were observed. Chronic GVHD was observed
in 21% of patients (95% CI, 11%-33%), with 3.8% (95%
CI, 0.7%-12%) requiring systemic therapy.
At 18 months in both studies, the nonrelapse mortality
rate was 8% (95% CI, 2.5%-18%), the relapse rate was
24% (95% CI, 13%-37%), the overall survival rate was
79% (95% CI, 64%-88%), and the GVHD-free, relapse-free
survival rate was 67% (95% CI, 52%-78%).

Patients who were conditioned with 131-iodine (Iomab-B)
for relapsed/refractory (R/R) acute myeloid leukemia (AML)
experienced higher rates of allogeneic hematopoietic cell
transplantation (allo-HCT), despite not achieving a complete response (CR) following standard therapies, according
to results of the phase 3 SIERRA trial (NCT02665065).
Patients achieved 100% neutrophil and platelet engraftment after Iomab-B conditioning and allo-HCT. Patients also
had a lower incidence of sepsis on this treatment regimen.
A total of 153 patients were enrolled and randomized 1:1
to either Iomab-B (n = 76) or conventional care (n = 77).
With conventional care, those who achieved a CR went on
to receive allo-HCT or physician’s choice standard of care
(SOC). Those who did not achieve a CR could cross over to
the Iomab-B group (n = 40).
Of the 76 patients in the Iomab-B group, 66 received HCT.
Of the 77 patients in the conventional care group, 14 received
SOC HCT. The median Iomab-B activity in the experimental
group was comparable with that of the control group that
crossed over, at 649.5 mCi vs 606.5 mCi. Patients had a
median dose to marrow of 15.9 Gy vs 16.1 Gy in the Iomab-B
group and in the crossed-over control group, respectively.
The median number of days to absolute neutrophil count and
platelet engraftment were 14 days and 17 days, respectively,

→ For the full article, visit CancerNetwork.com/GVHD_6.22

Read this and more online at cancernetwork.com/conference
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in the Iomab-B arm; 13 and 17 days in the crossover arm; and
16 and 14 days in the SOC arm. Only 1 case of engraftment
failure was reported in the SOC arm.
On day 100 or more, nonrelapse mortality occurred in
6 of 65 evaluable patients in the Iomab-B group, in 2 of 40 in
those who crossed over, and in 2 of 14 in those who achieved
a CR in the conventional care group.
→ For the full article, visit CancerNetwork.com/SIERRA_6.22

Similar Efficacy for Axi-cel and Tisa-Cel
in Follicular Lymphoma Noted With
Match-Adjusted Comparison
The use of axicabtagene ciloleucel (Yescarta; axi-cel) and
tisagenlecleucel (Kymriah; tisa-cel) showed similar efficacy
for the treatment of patients with follicular lymphoma. However, investigators reported more favorable safety among
those treated with tisa-cel in both the primary and sensitivity analyses. These results were derived from a matchadjusted analysis of the phase 2 ZUMA-5 (NCT03105336)
and ELARA (NCT03568461) trials.
The primary analysis included 50 patients from ELARA
and 84 patients from ZUMA-5. The objective response rates

FROM THE PUBLISHERS OF:

(ORRs) after weighting were 92.59% vs 94.05% (P <.05)
and complete response (CR) rates were 77.45% vs 79.76%,
respectively. After weighting, the median progression-free
survival (PFS) for those who received tisa-cel was not reached
(NR; 95% CI, NR-NR) vs NR (95% CI, 23.54 months to
NR) with axi-cel (HR, 0.90; 95% CI, 0.39-2.06; P = .81).
Prior to weighting, investigators noted an HR of 1.02 (95%
CI, 0.52-1.99). Overall survival (OS) analyses were also similar in the primary analysis with an HR of 0.33 (95% CI,
0.07-1.57) after weighting compared with 0.45 (95% CI,
0.13-1.59) prior to weighting.
In an efficacy evaluation that included patients who
received bridging therapy in ELARA (n = 90), results were
comparable in terms of efficacy with patients who received
axi-cel in ZUMA-5 (n = 124). After weighting, the ORR
was 89.77% among those who received tisa-cel vs 94.05%
among those who received axi-cel. The CR rates were
75.05% and 79.76%, respectively. The median PFS for those
who received tisa-cel was NR (95% CI, 19.45 months to
NR) vs NR (95% CI, 23.53 to NR) for those who received
axi-cel (HR, 1.13; 95% CI, 0.60-2.15). These results were
comparable with those observed prior to weighting, in which
the HR was 1.35 (95% CI, 0.79-2.32). The weight-adjusted
OS analysis showed that tisa-cel was significantly better than
axi-cel with an HR of 0.23 (95% CI, 0.07-0.70) compared
with 0.56 (95% CI, 0.21-1.52) prior to weighting.
→ For the full article, visit CancerNetwork.com/FL_6.22

Identifying and Hiring Qualified Staff During
a Postpandemic World
Aine Cryts

S

imilar to other employers,
physicians practicing in the
United States are facing what’s
been coined the “Great Resignation.”
Although doctors and nurses are
more likely to keep with their jobs,
other key players in the practice, such
as front office staff, may not.
Hiring Front Desk or Medical Staff:
One option is to actively recruit
employees who want part-time work,
potentially using 2 or more employees
to compensate for the loss of 1 fulltime associate.
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Keeping Administrative Staff:
Medical practices must understand
the local labor market and how they
are competing with other employers,
including fast food and retail chains,
so that they can pay at or above that
level. Additionally, the work environment must motivate employees
to want to stay.
Hiring for Clinical Staff: One way
to retain clinicians is to conduct a
market analysis. The salary must be
viable in the location they are working
and living. Additionally, flexibility is

a major plus, and practices should
look to see where they can stand out,
such as by offering a 4-day work week.
However, the best way to retain clinicians is to ask how they’re doing and
to conduct stay interviews once or
twice a quarter. Practices must build a
kind culture, where the employees feel
supported and valued above all else.
To read the
full article, visit
https://bit.ly/3qf5Dh4
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N

euroendocrine neoplasms (NENs)
are epithelial neoplasms that
develop predominantly from
the cells of the neuroendocrine system.1 Neuroendocrine cells are found in
nearly every organ of the body and are
able receive neuronal input and release
hormones into the blood in response.2
Neuroendocrine tumors (NETs) are subsets of NENs and can arise in any part
of the body; the most common location
being the gastrointestinal (GI) tract, specifically in the large intestine (20%), small
intestine (19%), and appendix (4%).3 The
second most common location of NETs
is the lungs, with approximately 30% of
tumors occurring in the bronchial system. Approximately 7% of NETs can
occur in the pancreas. The primary site
cannot be determined in about 15% of
cases. Staging and grading of NETs play
a crucial role in prognosis, treatment
selection, and patient outcomes.4
In this article, Diane Reidy-Lagunes,
MD, associate deputy physician-in-chief,
physician ambassador to the Patient
and Family Advisory Council for Quality, and past president of the medical
staff at Memorial Sloan Kettering Cancer Center in New York, New York discusses classification, biomarker identification, and treatment selection of NETs.

Q:

What type of tumors fall under
neuroendocrine neoplasms
(NENs) and what are considered
neuroendocrine tumors (NETs)?
What factors are involved in
naming classification?
REIDY-LAGUNES: The terminology of neuroendocrine neoplasms (NENs) has evolved
over the last 2 decades. Essentially, there are
2 buckets of neuroendocrine neoplasms.
There are the so-called poorly differentiated neuroendocrine carcinomas (NECs),
which, unfortunately, are clinically aggressive and behave similarly to a small
cell lung cancer. We believe, based on some
data that we and others have shown, that
neuroendocrine carcinomas probably
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arise from an adenocarcinoma gone
awry.5 Like with adenocarcinomas, you
will see mutations such as KRAS and
BRAF; additionally with NECs you
often see alterations in p53 or retinoblastoma RB. NECs are a different category
and not something we are going to be
discussing.6 The other bucket are the
so-called neuroendocrine tumors (NETs),
which are smaller cells. Under the microscope, NETs stain positive for synaptophysin and chromogranin A (CgA) and
have a trabecular histologic pattern.7,8
Importantly, these tend to be tumors that
are slower growing, although they are
cancerous and, certainly have the ability
to metastasize and grow.

Q:

Can you describe why
identifying the primary site of
the NET is important? How is that
information used to provide patient
care and guide treatment selection?
REIDY-LAGUNES: I tell my patients one of the
most important things I need to understand
is where the cancer started. That helps us
dictate treatments and the therapies we
have. There are some therapies that can
be used no matter where the primary site
of origin is, and sometimes we do not find
the primary site, although most of the time
the scans will give you clues. For example,
even if you cannot identify a primary site,
if you see mesenteric lymphadenopathy,
that is a suggestion that the primary site
is the small bowel. Conversely, if you see
peripancreatic lymphadenopathy, that is a
suggestion that the tumor is possibly from
a pancreatic primary site. The so-called
foregut NETs such as lung, small bowel,
gastric, and pancreatic can potentially
behave a little bit more aggressively but
have a higher response rate to some cytotoxic therapies such as alkylating agents.
For pancreatic neuroendocrine tumors
(pNETs), you have targeted therapies
such as everolimus or sunitinib.9,10 Some
somatostatin analogs as well as peptide
receptor radiotherapies are available to
treat foregut NETs. The so-called midgut
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tumors such as the small bowel NETs are
less likely to respond to cytotoxic therapies but will respond to the somatostatin
analogs and to peptide receptor radionuclide therapy (PRRT) using radiolabeled
octreotide or octreotate. Knowing where
the tumor started can help us not only
therapeutically but prognostically. Again,
we know that some tumors have different
behaviors depending on their location.

Q:

Staging and grading are
crucial for appropriate
treatment selection. How do mitotic
count and the Ki-67 index correlate
to staging and grading of NETs?

REIDY-LAGUNES: Another important piece
of information is to see what the cancer cells look like under the microscope
because the tumor’s shape and grade can
help us predict the biology of the cancer
cells. First, is the cell well differentiated or
is it more poorly differentiated? Second,
what is the grade of the tumor? Ki-67 is
a prognostic marker of cell proliferation,
and a scoring system based on the percentage of cells that express Ki-67 is used
to determine tumor grade. The low-grade
category is defined as tumors having < 3%
(3 out of 100 cells) of cells expressing
Ki-67, the intermediate grade is defined
as Ki-67 expression in 3- 20% of cells,
and high grade is > 20% (Table 1).11
The grade of the tumor can help me
prognostically because we know that
higher grade tumors will behave a little
bit more aggressively.
Importantly, grade will also help
to dictate treatment. In general, for
patients with a higher proliferative rate,
for example, Ki-67 > 20%, we may start
a little bit more aggressively or at least
start some form of treatment. Conversely,
the patient with a low-grade tumor, for
example, that is completely asymptomatic, may be only monitored. The grade
of tumor can help us understand what
type of behavior of the tumor may be
exhibiting, and then, importantly, what
treatments we need to start.
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TABLE 1. Grading of Neuroendocrine Tumors11
Grade

Ki-67 index

Mitotic count
(mm2)

1 - Low

< 3%

<2

Well differentiated

2 - Intermediate

3%-20%

2-20

Moderately differentiated

3- High

> 20%

> 20

Poorly differentiated

Q:

Do different biomarkers
correlate to different
primary sites? Are there different
biomarkers for different sites?
Which ones, if any, are used in
clinic?
REIDY-LAGUNES: Utilizing validated biomarkers in managing our patients with
NENs has been a struggle. I would
say, in 2022, we really do not have any
serum biomarkers that are used in the
clinic that could help us change management. As a result, I personally do not use
any biomarkers, save for rare exceptions.
For example, NETs excrete chromogranin A (CgA); however, it is a nonspecific
marker. CgA levels increase in combination with certain medications such as
proton pump inhibitors (PPIs), as a result
of dehydration or diarrhea, and if the patient has other comorbidities.12-14
CgA has been shown to be independently important as a prognostic
factor, i.e., high CgA levels generally
correlate to high tumor burden, which
generally correlates to a poorer outcome.15,13 However, you can likely use
imaging, and you are going to see a
high burden of disease with very rare
exceptions. Although CgA may have
prognostic utility, we never ever use it
to change management, particularly
because it is so unreliable.There are other
biomarkers such as neuron-specific
enolase or pancreatic polypeptide that
are limited in terms of their sensitivity and specificity.13 These biomarkers
have not made it into prime time to be
used regularly to follow patients for
disease.
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Differentiation status

Q:

How does functional (active
hormone secretion) versus
nonfunctional (no hormone
secretion) tumor status dictate
treatment selection?
REIDY-LAGUNES: In patients that have
tumors that make hormones (AKA,
functional NETs), the hormone biomarker can be very helpful for us to
decide on our management. The National
Comprehensive Cancer Network
(NCCN) guidelines recommend that
any patient with a hormone-secreting or
functional tumor have a hormone workup based on their clinical symptoms.16
For example, a patient with bad diarrhea and a pNET should be considered
for assessment of a vasoactive intestinal
peptide (VIP) level for glucagon, gastrin,
insulin, and proinsulin because those hormones can cause diarrhea.17 If a patient
has a glucagon-secreting NET, clinicians
may monitor glucagon levels over time
as opposed to all the different battery of
tests that one could potentially do. We are
using the secreted hormone as a biomarker based on the patient symptoms and
what hormones are elevated.

Q:

Can you discuss the limitations
of novel biomarkers in NETs?

REIDY-LAGUNES: The credible biomarkers for NET management are very
limited, unfortunately. However, there
are many ongoing studies looking at the
role for cell-free DNA and circulating
tumor DNA.15 An interesting biomarker I would keep on my radar is the use
of NET transcription expression in the
blood, which along with tumor grade

can provide a PRRT predictive quotient
(PPQ) which may be a biomarker for
predicting who might respond to PRRT.18
Using PPQ to determine individual PRRT
response is very early and not yet ready for
clinical use. One of the biggest struggles in
treating NETs is sequencing of therapies
and knowing which therapy is right to
give for a patient, especially since some
of these therapies are associated with
adverse events such as lowering blood
counts. If clinicians knew that a patient’s
response to PRRT would be lower than
with another treatment, then perhaps the
clinician would use PRRT as a backup
plan and use another treatment first. I
think PPQ is a potentially interesting
biomarker to look out for. Right now, in
2022, we do not use PPQ to help change
management for our patients.

Q:

When would you test for
genetic biomarkers? Which
biomarkers would you look for and
by what methods?
REIDY-LAGUNES: In patients with NENs or
NETs, it is fairly uncommon (< 10%) to
actually find an inherited (i.e., germline)
genetic alteration. But you do not want
to miss those inherited genes, for various
reasons. For any patient with a family
history, for example, of renal cell carcinoma or central nervous system (CNS)
hemangioblastoma, clinicians should
really think about von Hippel-Lindau
(VHL) syndrome or mutations in the
VHL gene for several reasons: (1) it
is very important to screen for other
potential treatable diseases and
tumors because we know that a patient
with a VHL germline mutation may be
at risk for multiple cancers; (2) so the
patient is able to inform their firstdegree relatives that they have a VHL
gene mutation, and if they found the
gene; (3) most importantly, in those
patients with a VHL mutation, there is a
United States Food and Drug Administration (FDA)-approved treatment. Belzutifan is a small molecule inhibitor of the
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hypoxia-inducible factor 2-alpha (HIF2α).19 HIF-2α is the driver of VHLassociated pNETs, regulates the HIF gene,
and promotes the body’s adaptation to
hypoxia. We know HIF-2α is the driver;
inactivation of HIF-2α results in abnormal stabilization of the HIF gene and constitutive activation of the HIF pathway.
Belzutifan binds to HIF-2α and prevents
it from interacting with HIF-1β, thereby
preventing HIF acitvation.20
The phase 2 study (NCT03401788)
that led to the FDA approval of belzutifan included patients with renal cell
carcinoma, although some of them had
pNETs as well as other CNS hemangioblastomas.20 Eligibility criteria for the
study included a diagnosis of VHL disease based on germline VHL alterations.
The study participants with pNETs had
a remarkable overall response rate to
belzutifan 120 mg once daily of >80%.20
Belzutifan is now approved for patients
with VHL-associated renal cell carcinoma, CNS hemangioblastomas, and
pNETs.19 We reserve belzutifan treatment
for patients with VHL mutation when the
tumors are growing, because many of
these patients may have indolent tumors.
Additionally, patients with mutations
in the multiple endocrine neoplasia type
1 (MEN1) gene are at an increased risk of
developing endocrine tumors, including
pNETs.21 You can also see MEN1 mutations in lung and small bowel cancers.22
In a patient with multiple pNENs, it is
reasonable to think MEN1 mutation or
other germline mutations, but I would
advise against jumping to surgery, because
the morbidity of a surgery of the pancreas
is a big deal. We will watch the tumors and
depending on the size, it will be determined when it is time for surgery.

Q:

What role does imaging play
in the diagnosis and treatment
selection of NENs? What type of
imaging is most useful, and when
should it be used?
REIDY-LAGUNES: Imaging is critically
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important to identify disease; we have several different modalities now. We have the
functional positron emission tomography
(PET) imaging that can use copper-64
(64Cu) DOTATATE or gallium-68 (68Ga)
DOTATATE.24 Several different types of
functional imaging—either investigational or FDA-approved—are available. These
imaging modalities are important to test
for the somatostatin receptor for 2 reasons; (1) it is prognostic, so the presence of
this somatostatin receptor is a good thing;
(2) regarding therapeutics, patients cannot get PRRT, a major treatment, if they
do not have the somatostatin receptors.
It is important to determine the presence
or absence of somatostatin receptors as a
baseline in patients with stage IV disease,
particularly if you are interested in treating with PRRT.
Functional imaging including MRI
and PET (positron emission tomography) scans can also help us identify
disease that may not be traditionally
seen as well on cross-sectional imaging.
Functional imaging can really help us
locate those tumors and know if the
tumor is positive or negative for the
somatostatin receptor. But we like to
employ functional imaging at baseline to
determine the stage of the tumor.
What is more important is that traditional cross-sectional imaging. Triphasic
liver CT or MRI are recommended by the
NCCN guidelines for patients with suspected NETs of the GI tract, lung, or thymus.16 The important thing is to always
compare apples to apples. If the clinician
is going to use a triphasic CT scan, they
need to stay consistent. Even just a few
seconds difference in terms of contrast
and the style of the contrast can make tumor lesions look bigger or smaller when,
in fact, they may be completely the same.
It is important to keep the one imaging
modality consistent. I use either triphasic liver CT or MRI with a PET gallium
dotatate or a PET equivalent at baseline
and periodically throughout treatment.
Certainly, if patients have symptoms
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that could not be explained with traditional cross-sectional imaging, we would
use PET imaging to follow up to see if
we are missing anything. Many academic centers use PET imaging after PRRT
to see the responses to treatment and
to see if the clinician would potentially
consider using PRRT in the future.

Q:

What is the importance of the
somatostatin receptor and
how it relates to treatment selection
and patient outcomes?
REIDY-LAGUNES: The presence of the
somatostatin receptor is very important
because it allows us to consider somatostatin analogs—either lanreotide or octreotide—which are both recommended
by the NCCN guidelines if the patient is
positive for somatostatin receptors and/
or has hormonal symptoms.16 I tend to
call somatostatin analogs my first-string
players because they work so well and
are well-tolerated in terms of stabilizing
the disease. Somatostatin analogs will not
cause major tumor shrinkage, but these
agents are very good at controlling the
disease and preventing the tumors from
growing and spreading. In addition to
that, knowing the patient’s status allows
us to know that patients with octreotide
negative or somatostatin receptor negative disease tend to have a prognosis
which is poorer than patients with somatostatin receptor positive disease.

Q:

What is the mechanism of
action of 177Lu-dotatate, and
why it is a unique addition to the
treatment armamentarium for
gastroenteropancreatic NETs? Are
there any notable adverse effects of
this treatment?
REIDY-LAGUNES: Lutetium Lu 177 DOTATATE (177Lu-DOTATATE) has been
used in Europe with an orphan designation for the treatment of gastroenteropancreatic (GEP)-NETs.25 The European Medicines Agency and the FDA
approval of 177Lu-DOTATATE for all

O N C O LO GY ®

389

CME

NEUROENDOCRINE NEOPLASMS

TABLE 2. Selected Efficacy of 177Lu-DOTATATE in the NETTER-1
Clinical Trial28
Treatment arm
Efficacy parameter

PFS rate, %

177

Lu-DOTATATE + long-acting
octreotide (30 mg)
(N = 116)
65.2a

P value

Long-acting
octreotide (60 mg)
(N = 113)
10.8a

<.001

Median PFS, mo

NR

8.4

P value

<.001

mo, month(s); NR, not reached; PFS, progression-free survival.
Follow-up at month 20.

a

somatostatin receptor positive GEP-NETs
was based on the phase 3 NETTER-1
study (NCT01578239).26-28 The drug is an
absolute game changer because of its efficacy as well as its side effect profile, which
includes very rare, albeit very serious side
effects. When added to long-acting octreotide, 177Lu-DOTATATE increased the
rate of progression-free survival compared
with octreotide alone (Table 2).28
I mentioned that patients had to have a
PET-positive or gallium-positive scan for
somatostatin receptors. That tells us the
tumors have a little lock on the outside
of the tumor. When 177Lu-DOTATATE
is injected, the drug acts essentially like a
little key, which is attached to radiation.
The drug is administered intravenously,
and upon injection, the key can find the
lock. When the lock binds to the key, the
radiation gets internalized, and it zaps the
tumor. We are just delivering radiation;
that is how the therapy works. 177Lu-DOTATATE is just radiation going directly
to the tumor and killing it by, again, allowing this lock-and-key approach. The
good news is that this approach directly
kills the tumor. The not-so-good news is
somatostatin receptors are located in other cells, including bone marrow stem cells.
As a result, a very rare but serious issue is off-target events in which
177
Lu-DOTATATE along with the
radiation will go to the hematopoietic
stem cells and damage them. In 1% to
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2% of cases, radiation damage to these
stem cells can result in myelodysplastic
syndrome and/or leukemia by lowering of
the blood counts due to off-target binding
is also a risk. For the majority of patients,
those blood counts will come up and low
blood counts are reversible, but 1% to
2% of the time the low blood counts are
not reversible.

Q:

There is currently a phase I
trial investigating the safety
and dosimetry of a long-lasting
analog of 177Lu-DOTATATE (177LuDOTA-EB-TATE). How could the
implementation of this treatment
change patient outcomes?

REIDY-LAGUNES: The 177Lu-DOTA-EBTATE is based on a modification of
177
Lu-DOTATATE; the addition of
albumin-binding Evans blue (EB), allows
the drug to stay in the blood circulation
for a longer period of time.29 The hope
is that due to the radiation remaining
in the system longer, tumor exposure
to radiation will be longer, resulting in
an increased effect. A study comparing
177
Lu-DOTATATE with 177Lu-DOTAEB-TATE found that the circulation of
177
Lu-DOTA-EB-TATE was extended in
the blood and achieved a 7.9-fold increase
of tumor dose delivery.30 Compared
with 177Lu-DOTATATE, higher doses of
177
Lu-DOTA-EB-TATE were also found
in the kidneys and bone marrow.

Q:

What is the importance of
having a multidisciplinary
team treat patients with NETs?
REIDY-LAGUNES: It is absolutely critical
when caring for our patients with NENs
to have a team approach. The team
includes pathologists, gastroenterologists, endocrinologists, surgeons,
interventional radiologists, medical
oncologists, nutritionists, and advanced
practice providers. Our patients’ quality of life is incredibly important, as is
sequencing of therapies and making sure
that we are addressing treatment- and
disease-related side effects. We need all
hands-on deck to care for our patients.
Patients with NETs are a patient population that is quite heterogenous, meaning some of our patients will do well for
years and years without any treatment
whatsoever while other patients can
succumb to the disease very quickly.31
As a result, defining the right treatment
approach based on our best available data is really important; then,
recruiting the right experts to do
what they do best. I always encourage
patients to go to specialized centers that
understand the disease and have a team
of experts that can ensure the patients
are getting the right care. Again, quality
and quantity of patient care are critically
important. 
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