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ABSTRACT

Management of febrile neutropenia (FN) is an integral part of sup-
portive care for patients undergoing cancer treatment. The NCCN
Guidelines for Hematopoietic Growth Factors provide suggestions
for appropriate evaluation, risk determination, prophylaxis, and
management of FN. These NCCN Guidelines are intended to guide
clinicians in the appropriate use of growth factors for select patients
undergoing treatment of nonmyeloid malignancies. These NCCN
Guidelines Insights highlight important updates to the NCCN
Guidelines regarding the incorporation of newly FDA-approved
granulocyte-colony stimulating factor biosimilars for the prevention
and treatment of FN.
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NCCN CATEGORIES OF EVIDENCE AND CONSENSUS

Category 1: Based upon high-level evidence, there is uniform
NCCN consensus that the intervention is appropriate.

Category 2A: Based upon lower-level evidence, there is uni-
form NCCN consensus that the intervention is appropriate.

Category 2B: Based upon lower-level evidence, there is NCCN
consensus that the intervention is appropriate.

Category 3: Based upon any level of evidence, there is major
NCCN disagreement that the intervention is appropriate.

All recommendations are category 2A unless otherwise
noted.

Clinical trials: NCCN believes that the best management of
any patient with cancer is in a clinical trial. Participation in
clinical trials is especially encouraged.

PLEASE NOTE

The NCCN Clinical Practice Guidelines in Oncology

(NCCN Guidelines®) are a statement of evidence and consensus
of the authors regarding their views of currently accepted
approaches to treatment. The NCCN Guidelines Insights
highlight important changes in the NCCN Guidelines
recommendations from previous versions. Colored
markings in the algorithm show changes and the

discussion aims to further the understanding of these
changes by summarizing salient portions of the panel’s
discussion, including the literature reviewed.

The NCCN Guidelines Insights do not represent the full
NCCN Guidelines; further, the National Comprehensive
Cancer Network® (NCCN®) makes no representations or
warranties of any kind regarding their content, use, or
application of the NCCN Guidelines and NCCN Guidelines
Insights and disclaims any responsibility for their application
or use in any way.

The complete and most recent version of these
NCCN Guidelines is available free of charge at NCCN.org.

© National Comprehensive Cancer Network, Inc. 2020.

All rights reserved. The NCCN Guidelines and the illustrations
herein may not be reproduced in any form without the
express written permission of NCCN.
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EVALUATION RISK ASSESSMENTY OVERALL FEBRILE PROPHYLACTIC USE OF G-CSFs FOR FEBRILE NEUTROPENIA
PRIOR TO FIRST FOR FEBRILE NEUTROPENIA CURATIVE/ADJUVANT OR PALLIATIVE SETTING?
CHEMOTHERAPY NEUTROPENIA® RISK
CYCLE?P
Granulocyte colony- . .
. : : See Evaluation Prior to Second and
High (>20%) —»|stimulating factors
Evaluation of « Disease igh (>20%) (G-CSFs)hg(category 1) »Subsequent Chemotherapy Cycles (MGF-3)

risk for febrile « Chemotherapy regimen

neutropenia » High-dose therapy
following » Dose-dense therapyf
chemotherapy  |—| , standard-dose therapy
in adult patients « Patient risk factors

with solid tumors « Treatment intent

and non-myeloid (curative vs. palliative)
malignancies

Consider G-CSFsh based
on patient risk factors

See Evaluation of Patient Risk Factors for
Prophylactic Use (MGF-2)

Intermediate
(10%—-20%)

See Evaluation Prior to Second and

’ J—
Low (<10%) — No G-CSFs Subsequent Chemotherapy Cycles (MGF-3)

aThe NCCN Guidelines for Hematopoietic Growth Factors were formulated in reference to adult patients.

bPatients receiving cytotoxic chemotherapy as part of a clinical trial may be evaluated for prophylaxis with myeloid growth factor (MGF) as clinically indicated, unless
precluded by trial specifications.

CFor use of growth factors in myelodysplastic syndromes (MDS), see the NCCN Guidelines for Myelodysplastic Syndromes; in acute myeloid leukemia (AML), see the
NCCN Guidelines for Acute Myeloid Leukemia; and in chronic myeloid leukemia (CML), see the NCCN Guidelines for Chronic Myeloid Leukemia.

dThere are many factors that need to be evaluated to determine a patient’s risk categorization; these include type of chemotherapy regimen (See MGF-A) and patient risk
factors (See MGF-2).

©Febrile neutropenia is defined as single temperature: 238.3 °C orally or 238.0 °C over 1 h; neutropenia: <500 neutrophils/mcL or <1,000 neutrophils/mcL and a predicted
decline to <500 neutrophils/mcL over the next 48 h. See NCCN Guidelines for Prevention and Treatment of Cancer-Related Infections.

fln general, dose-dense regimens require MGF support to maintain dose intensity and schedule.

9See Toxicity Risks with Myeloid Growth Factors (MGE-D).

hSee G-CSFs for Prophylaxis of Febrile Neutropenia and Maintenance of Scheduled Dose Delivery (MGF-B).

Version 1.2020 © National Comprehensive Cancer Network, Inc. 2019, All rights reserved.
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MGF-1

Overview

Myeloid growth factors (MGFs), such as granulocyte
colony-stimulating factors (G-CSFs), are hematopoietic
growth factors (HGFs) that regulate the growth and
differentiation of cells in the myeloid lineage.! Phar-
macologic G-CSFs, such as filgrastim and pegfilgrastim,
are primarily used to reduce the incidence of febrile
neutropenia (FN) in patients with nonmyeloid malig-
nancies receiving myelosuppressive chemotherapy. FN is
a major dose-limiting toxicity of many chemotherapy
regimens. Patients who develop FN often require pro-
longed hospitalizations and treatment with broad-
spectrum antibiotics.? Development of FN increases
treatment costs and can prompt dose reductions or
treatment delays, which may compromise clinical out-
come.? Management and prevention of FN is an integral
part of supportive care for many patients undergoing
cancer treatment. Unfortunately, biologics such as fil-
grastim and pegfilgrastim are costly, which has limited
their accessibility for many patients.

In 2009, the Biologics Price Competition and In-
novation Act established an abbreviated licensure
pathway for biosimilars with the goal of reducing ex-
penditure for costly biologic drugs.*> A biosimilar is a

biologic product that is highly similar to the FDA-
approved originator biologic product, with the ex-
ception of minor differences in clinically inactive
components and no clinically meaningful differences
with respect to efficacy, safety, and purity.® The first
drug granted FDA approval on the biosimilar pathway
was filgrastim-sndz in 2015.” The increased need for
cost-effective HGFs recently led to the rapid approval
of additional biosimilars (Table 1).8-13

The NCCN Clinical Practice Guidelines in Oncology
(NCCN Guidelines) for HGFs provide recommendations
for the evaluation, prevention, and management of FN
and cancer- and chemotherapy-induced anemia (CIA).
The purposes of these guidelines are to operationalize
the evaluation and treatment of FN and CIA in adult
patients with cancer, especially those receiving che-
motherapy, and enable the patient and clinician to
assess management options for FN and CIA in the
context of an individual patient’s condition, including
options for prevention of FN in patients receiving
chemotherapy. These NCCN Guidelines Insights high-
light important updates to the NCCN Guidelines for
HGFs regarding the incorporation of newly FDA-
approved biosimilar G-CSFs for the management of

14 © JNCCN—Journal of the National Comprehensive Cancer Network | Volume 18 lIssue 1 | January 2020
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THERAPEUTIC USE OF MYELOID GROWTH FACTORS (MGFs)®m

PRESENTATION G-CSFs USE DURING CURRENT
CHEMOTHERAPY CYCLE

Patients receiving or those who
received prophylactic G-CSFs

Present with febrile
neutropenia®

Patients who did not receive
prophylactic G-CSFs

NCCN GUIDELINES® INSIGHTS CE

MANAGEMENT"

Patients receiving daily
prophylactic filgrastim® or tbo-

filgrastim ‘—> Continue G-CSFs

Patients who have received
long-lasting prophylactic

pegfilgrastim® ‘—> No additional G-CSFs

Risk factors not
present for an infection-

— > No therapeutic MGFs
associated complicationP

Risk factors present for
an infection-associated

——— > Consider therapeutic MGFs®"S
complicationP

Patients with radiation-induced myelosuppression following a radiologic/nuclear incident

(hematopoietic acute radiation syndrome [H-ARS])"

®Febrile neutropenia is defined as single temperature: 238.3 °C orally or
238.0 °C over 1 h; neutropenia: <500 neutrophils/mcL or <1,000 neutrophils/mcL and a
predicted decline to <500 neutrophils/mcL over the next 48 h. See NCCN Guidelines for
Prevention and Treatment of Cancer-Related Infections.

IFor antibiotic therapy recommendations for fever and neutropenia, see the NCCN Guidelines

for Prevention and Treatment of Cancer-Related Infections.

MThe decision to use MGFs in the therapeutic setting is controversial. See Discussion for
further details.

nFarese AM, MacVittie TJ. Filgrastim for the treatment of hematopoietic acute radiation
syndrome. Drugs Today (Barc) 2015;51:537-48.

°An FDA-approved biosimilar is an appropriate substitute for filgrastim and pedfilgrastim.

PRisk factors/possible indications for therapeutic MGFs include sepsis syndrome, age >65
years, absolute neutrophil count [ANC] <100/mcL, neutropenia expected to be >10 days
in duration, pneumonia or other clinically documented infections, invasive fungal infection,
hospitalization at the time of fever, and prior episode of febrile neutropenia.

————» Therapeutic MGFs°t

9There are no studies that have addressed therapeutic use of filgrastim for febrile neutropenia
in patients who have already received prophylactic pegfilgrastim. However, pharmacokinetic
data of pegfilgrastim demonstrated high levels during neutropenia and suggest that
additional G-CSFs may not be beneficial; however, in patients with prolonged neutropenia
additional G-CSFs may be considered.

"'See Discussion for further details. Pegfilgrastim (or biosimilars) have only been studied for
prophylactic use. Filgrastim (or biosimilars), tbo-filgrastim, or sargramostim may be used
therapeutically with initial dosing and discontinued at time of neutrophil recovery.

SFilgrastim (or biosimilars) or tbo-filgrastim: daily dose of 5 mcg/kg; Sargramostim: used in
clinical trials at a dose of 250 mcg/m? per day. Continue therapeutic MGFs until post-nadir
ANC recovery to normal or near-normal levels by laboratory standards.

Therapeutic options include filgrastim (or biosimilars), tbo-filgrastim, pegfilgrastim (or
biosimilars), and sargramostim.

Version 1.2020 © National Comprehensive Cancer Network, Inc. 2019, All rights reserved.
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FN. The most recent and complete version of these
guidelines is available at NCCN.org.

Biosimilars

FDA approval of biosimilars is based on review of evi-
dence, including analytical studies for structural and
functional characterization, animal toxicity studies, and
comparative clinical studies assessing immunogenicity,
pharmacokinetics, and pharmacodynamics.!*!> FDA-
approved biosimilars have the same amino acid se-
quence as the parent compound; however, differences

may be seen in the 3-dimensional structure, glycosylation
sites, isoform profiles, and the level of protein aggregation.®
Therefore, pharmacokinetic and pharmacodynamic stud-
ies are essential in evaluating biologic activity, efficacy, and
safety.>!® Because biosimilars are supported by limited
clinical data at the time of approval, data must be ex-
trapolated to support the use of biosimilars for additional
indications of the originator product. Scientific justification
is required for extrapolation, including mechanism-of-
action studies in each indication, as well as pharmaco-
kinetic, immunogenicity, and toxicity assessments in

Table 1. FDA-Approved Hematopoietic Growth Factor Biosimilars

Biosimilar Indications

FDA Approval Date

Filgrastim-sndz® March 2015

Epoetin alfa-epbx’ May 2018

Pedfilgrastim-jmdb™® June 2018 FN prophylaxis
Filgrastim-aafi! July 2018

Pedfilgrastim-cbqv'2 November 2018 FN prophylaxis

Pedfilgrastim-bmez' November 2019 FN prophylaxis

FN prophylaxis and treatment; mobilization of hematopoietic progenitor cells in the transplant setting

Anemia due to chronic kidney disease, chemotherapy, or treatment with zidovudine in patients with HIV
infection; to reduce RBC transfusions in patients undergoing elective, noncardiac, nonvascular surgery

FN prophylaxis and treatment; mobilization of hematopoietic progenitor cells in the transplant setting

Abbreviation: FN, febrile neutropenia.

JNCCN.org | Volume 18 Issue 1 | January 2020
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G-CSFs FOR PROPHYLAXIS OF FEBRILE NEUTROPENIA AND MAINTENANCE
OF SCHEDULED DOSE DELIVERY

« FilgrastimP (category 1) or tho-filgrastim? (category 1)

» Daily dose of 5 mcg/kg (rounding to the nearest vial size by institution-defined weight limits) until post-nadir ANC recovery to normal or

near-normal levels by laboratory standards.

» Start the next day or up to 3—4 days after completion of myelosuppressive chemotherapy and treat through post-nadir recovery. 9

« Pegfilgrastim® (category 1)
» One dose of 6 mg

0 Based on clinical trial data, pegfilgrastim® should be administered the day after myelosuppressive chemotherapy (category 1).¢
¢ There should be at least 12 days between the dose of pegﬁlgrastimb and the next cycle of chemotherapy.
0 If the treatment cycle includes chemotherapy administration on days 1 and 15, pegfilgrastim® may be given after each chemotherapy

treatment.

O For patients who cannot return to the clinic for next-day administration, there is an FDA-approved delivery device available that can be
applied the same day as chemotherapy in order to deliver the full dose of pedfilgrastim the following day (approximately 27 hours after

application).t9

0 Administration of pegfilgrastimP up to 3-4 days after chemotherapy is also reasonable based on trials with filgrastim.
» There is evidence to support use for chemotherapy regimens given every 3 weeks (category 1).
» There are phase Il studies that demonstrate efficacy for chemotherapy regimens given every 2 weeks.
» There are insufficient data to support use for cytotoxic chemotherapy regimens administered every week; therefore, pegfilgrastim should not

be used.
* Subcutaneous route is preferred for all G-CSFs listed above.

* For information regarding prophylactic anti-infectives (ie, viral, fungal, bacterial), see NCCN Guidelines for Prevention and Treatment of

Cancer-Related Infections.

aTbo-filgrastim is a human G-CSF approved by the FDA through an original
biologic license application. All of these G-CSFs are indicated for reducing the
duration of severe neutropenia in patients with nonmyeloid malignancies receiving
myelosuppressive chemotherapy associated with a clinically significant incidence of
febrile neutropenia.
An FDA-approved biosimilar is an appropriate substitute for filgrastim and
pegdfilgrastim. See Discussion for more details.

¢Studies suggest that shorter durations of G-CSFs may be less efficacious. (Weycker
D, Li X, Tzivelekis S, et al. Burden of chemotherapy-induced febrile neutropenia
hospitalizations in US clinical practice, by use and patterns of prophylaxis with
colony-stimulating factor. Support Care Cancer 2017;25:439-447.)

See Toxicity Risks with Myeloid Growth Factors (MGF-D)

dNeutrophil counts should be monitored, as indicated, appropriate to the setting.

®Lyman GH, Allcott K, Garcia J, et al. The effectiveness and safety of same-day
versus next-day administration of long-acting granulocyte colony-stimulating factors
for the prophylaxis of chemotherapy-induced neutropenia: a systematic review.
Support Cancer Care 2017;25:2619-2629.

fRarely, there is a failure to inject that requires further medical attention.

9Yang BB, Morrow PK, Wu X, et al. Comparison of pharmacokinetics and safety of
pegfilgrastim administered by two delivery methods: on-body injector and manual
injection with a prefilled syringe. Cancer Chemother Pharmacol 2015;75:1199-
1206.

Version 1.2020 © National Comprehensive Cancer Network, Inc. 2019, All rights reserved.
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different patient populations.'” If overall safety and ef-
ficacy are equivalent, biosimilars may be approved for
the same indications and can be substituted for the
originator product.

Switching between the biosimilar and the originator
product without the intervention of a healthcare pro-
vider is permitted if a biosimilar is designated as in-
terchangeable.® Concerns regarding interchangeability
include enhanced immunogenicity, compromised safety,
and diminished efficacy. Although no biosimilars have
been designated as interchangeable by the FDA, limited
data suggest that patients can alternate between the
biosimilar and the originator biologic without any clin-
ically meaningful differences in efficacy or safety.!® An-
other concern is the potential for product drift that may
arise during the manufacturing process of biologics and
biosimilars, which could result in differences in efficacy
and safety over time. Continued postmarketing surveil-
lance of all biologic products is necessary for long-term
monitoring of these agents. Healthcare providers should
be aware of the FDA's nomenclature for biosimilars
(originator biologic name followed by a random 4 letter
suffix), which is important for the pharmacovigilance of
specific products.

In March 2015, the FDA approved the first biosimilar,
filgrastim-sndz, for all indications of the originator
filgrastim.”® This approval was based on review of data
demonstrating a highly similar protein structure to fil-
grastim with near-identical pharmacokinetics, pharmaco-
dynamics, and immunogenicity in healthy volunteers and
patients with cancer.?'*?! Data have shown filgrastim-sndz
to have identical mass, size, charge, and hydrophobicity to
the originator product.!® Pharmacokinetic and pharma-
codynamic modeling have further confirmed that the
mechanism of action is the same and occurs through
binding to the G-CSF receptor.?° Clinical data leading to
the approval of filgrastim-sndz were predominately from
healthy volunteers and patients with cancer in the
context of the prevention of chemotherapy-induced
neutropenia. Although a potential concern regarding
immunogenicity exists with biosimilars, immunogenicity
is anticipated to be low to nonexistent with filgrastim
biosimilars based on the lack of immunogenicity seen
with the parent filgrastim biologics and the nature of
filgrastim as an unglycosylated protein. Filgrastim-sndz
was evaluated in limited clinical studies of healthy vol-
unteers and patients with cancer, with the incidence
of antibodies binding to filgrastim reaching 3% (11 of

16
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333 patients).? Further analysis of these patients showed no
evidence of neutralizing antibodies, suggesting that there
is no increased risk of immunogenic adverse events or
reduction of efficacy.*! A phase III trial of 218 patients with
breast cancer receiving myelosuppressive chemotherapy
with TAC (docetaxel/doxorubicin/cyclophosphamide)
showed no clinically meaningful differences in efficacy,
safety, or immunogenicity between filgrastim and filgrastim-
sndz, even in patients who alternated between the 2 in
subsequent chemotherapy cycles.'® A recently published
combined analysis of this and another phase III trial
on the safety of filgrastim-sndz in patients with breast
cancer concluded that filgrastim-sndz has a safety profile
consistent with previous studies of reference filgrastim.??
Several retrospective studies also report similar efficacy
between filgrastim-sndz and filgrastim for prophylaxis of
chemotherapy-induced neutropenia.?*-26 Based on these
data, filgrastim-sndz is included in the NCCN Guidelines
as an appropriate substitute for filgrastim.

It should be noted that tbo-filgrastim was approved
as an original biologic in the United States, and therefore
has a more restricted indication than filgrastim bio-
similars.?” Several studies have demonstrated similar
outcomes with the use of tbo-filgrastim compared with
filgrastim for the prevention of FN. One trial randomly
assigned 348 patients with breast cancer receiving
docetaxel/doxorubicin therapy to either tbo-filgrastim,
filgrastim, or placebo,?® and found that tbo-filgrastim was
equivalent to filgrastim and superior to placebo in re-
ducing the duration of severe neutropenia and incidence
of FN. Two other randomized studies in patients with
lung cancer and non-Hodgkin’s lymphoma (NHL) re-
ceiving chemotherapy also reported similar efficacy and
toxicity for tbo-filgrastim and filgrastim.?®3° A meta-
analysis of these 3 trials concluded that tbo-filgrastim
was noninferior to filgrastim in reducing the incidence of
FN.3! Studies in healthy subjects demonstrated similar
pharmacokinetic and pharmacodynamic profiles.3233
Tbo-filgrastim has demonstrated low immunogenicity in
patients with cancer receiving chemotherapy, with no
evidence showing the development of neutralizing an-
tibodies or immunogenic adverse events.>*

Based on the new FDA approvals, filgrastim-aafi and
pegfilgrastim-jmdb, pegfilgrastim-cbqv and pegfilgrastim-
bmez were recently included in the NCCN Guidelines as
appropriate substitutions for originator filgrastim and
pegfilgrastim, respectively, for prevention of FN. In
addition, epoetin alfa-epbx has also been included
as an appropriate substitute for epoetin alfa, an
erythropoiesis-stimulating agent (ESA), for management
of anemia in patients being treated with myelosup-
pressive chemotherapy. The FDAs approval of these
biosimilars was based on review of evidence, including
structural and functional characterization, animal study

NCCN GUIDELINES® INSIGHTS

data, human pharmacokinetic and pharmacodynamic
data, clinical immunogenicity data, and other clinical
safety and effectiveness data.

Filgrastim-aafi

In July 2018, the FDA approved a second filgrastim
biosimilar, filgrastim-aafi, for the same indications as
filgrastim.!3% A phase III randomized equivalence study
in 279 patients receiving docetaxel/doxorubicin for
breast cancer found filgrastim-aafi to be bioequivalent
to filgrastim in terms of efficacy and safety, with simi-
lar incidence of FN, treatment-related bone pain, and
mean time to neutrophil recovery® The prospective, non-
interventional, longitudinal VENICE study, which observed
the tolerability, safety, and efficacy of filgrastim-aafi in
386 patients receiving chemotherapy, concluded that
filgrastim-aafi was effective and well-tolerated in both
the primary and secondary prophylactic settings.>” Most
patients (95.6%) experienced no change in chemother-
apy dose or schedule due to FN, and fewer than one-third
(29.8%) experienced =1 treatment-related adverse events.
Two other noninterventional studies reached similar
conclusions regarding the bioequivalence of filgrastim-
aafi to reference filgrastim in both the prophylactic and
therapeutic settings.339

Pegfilgrastim-jmdb, Pegfilgrastim-cbqy,

and Pedfilgrastim-bmez

In 2018, the FDA approved the first pegfilgrastim bio-
similars, pegfilgrastim-jmdb and pegfilgrastim-cbqy, for the
same indications as pegfilgrastim based on data showing
highly similar pharmacokinetics, pharmacodynamics, and
safety in healthy volunteers.!%'249-44 Pegfilgrastim-jmdb
has been shown to have high analytical and functional
similarity to pegfilgrastim, with similar structure, molecular
mass, physicochemical characteristics, and G-CSF receptor
binding affinity.*>*¢ A phase I randomized equivalence
trial concluded that pegfilgrastim-jmdb demonstrated
similar pharmacokinetics, pharmacodynamics, and safety
to pegfilgrastim in healthy volunteers.”’ In a multicenter
randomized phase III efficacy and safety trial, patients with
breast cancer receiving myelosuppressive chemotherapy
with pegfilgrastim-jmdb support showed no difference in
duration of severe neutropenia, time to absolute neutrophil
count (ANC) nadir, duration of postnadir recovery, or
treatment-related adverse events compared with patients
receiving reference pegfilgrastim.*” Pegfilgrastim-jmdb has
also demonstrated low immunogenic potential in healthy
volunteers and patients with cancer receiving myelosup-
pressive chemotherapy.®® Although data are limited, a
multicenter randomized crossover study in 122 healthy
volunteers demonstrated that pegfilgrastim-cbqv had a
similar safety profile and similar bioequivalent pharma-
cokinetics and pharmacodynamics to pegfilgrastim.442
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No serious treatment-related adverse events were observed
with the use of pegfilgrastim-cbqv.

In late 2019, the FDA approved the third pegfil-
grastim biosimilar, pegfilgrastim-bmez, for the same in-
dications as pegfilgrastim.'**® Pegfilgrastim-bmez showed
similar pharmacokinetics and pharmacodynamics to
pegfilgrastim in healthy volunteers, with no clinically
meaningful differences in safety, tolerability, or immu-
nogenicity.*® Two randomized phase III trials (PROTECT-1
and PROTECT-2) demonstrated equivalent efficacy and
safety between pegfilgrastim-bmez and pegfilgrastim in
patients with breast cancer receiving myelosuppressive
chemotherapy.®»*> In PROTECT-1, patients randomized
to receive pegfilgrastim-bmez had equivalent duration of
severe neutropenia during cycle 1 of chemotherapy as
those receiving pegfilgrastim (difference, 0.07 days; 95%
CIL: —0.12 to 0.26).%2 This was confirmed in PROTECT-2,
which reported a difference in duration of severe neu-
tropenia of 0.16 days (95% CI, —0.40 to 0.08).5! Pegfilgrastim-
bmez also demonstrated highly similar safety and
tolerability to pegfilgrastim across both trials, with no
significant difference in adverse events reported.>®

Epoetin alfa-epbx

Cancer-related anemia is prevalent, occurring in 30% to
90% of patients with cancer.® In select patients un-
dergoing treatment with myelosuppressive chemother-
apy, administration of ESAs such as epoetin alfa, with or
without iron supplementation, may improve anemia. In
May 2018, the FDA approved the first epoetin alfa bio-
similar, epoetin alfa-epbx, for anemia associated with
administration of myelosuppressive chemotherapy, chronic
kidney disease (CKD), or treatment of HIV, or to prevent the
need for RBC transfusions in patients undergoing surgery.%>
Analytical studies and clinical pharmacology data from
healthy volunteers have shown epoetin alfa-epbx to have
highly similar protein structure, stability, pharmacoki-
netics, and pharmacodynamics to epoetin alfa.>¢ Epoetin
alfa-epbx was also shown to have similar efficacy, safety,
and mechanism of action to epoetin alfa in 2 randomized
phase III clinical trials involving patients with anemia
secondary to CKD.*® Additionally, the results of 3 in-
dependent studies conducted in patients with CKD and
healthy volunteers showed similar rates and titers of
antidrug antibodies for both products, indicating there is
no clinically meaningful difference in immunogenicity
risk for epoetin alfa-epbx as compared with epoetin alfa.
Although there are limited data on the efficacy of epoetin
alfa-epbx in treating CIA, 2 studies concluded that there
were no clinically meaningful differences in efficacy or
safety between epoetin alfa-epbx and epoetin alfa in the
treatment of anemia in patients with CKD.57%8 Therefore,
the FDA approved extrapolation of epoetin alfa-epbx
for the treatment of anemia in patients undergoing
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treatment with myelosuppressive chemotherapy, as well
as all other indications for the originator.®

NCCN Recommendations for
Management of FN

Prophylactic Use of G-CSFs
Risk of developing FN is related to the chemotherapy
regimen, delivered dose intensity, treatment intent, and
patient-specific comorbidity factors. Based on the che-
motherapy regimen, the patient is assigned to an overall
high-risk group (>20% risk of FN), intermediate-risk
group (10%-20% risk), or low-risk group (<10% risk).
Patients in the high-risk group should receive pro-
phylactic G-CSF (see MGF-1, page 14). This recom-
mendation is based on the results of several large
randomized trials that have documented a significant
reduction in FN incidence following primary G-CSF
prophylaxis when the risk of FN without prophylaxis is
>20%.5%% In one such example, a randomized, placebo-
controlled phase III trial in patients with breast cancer
receiving TC (docetaxel/cyclophosphamide) found that
the incidence of FN was significantly lower for patients
who received prophylactic G-CSF versus placebo (1.2%
vs 68.8%, respectively; P<.001).5° Patients in the G-CSF
group also had lower rates of hospitalization and anti-
biotic use. Furthermore, prophylactic use of G-CSFs was
associated with a 46% reduction in the relative risk of
developing FN in a systematic review of 17 randomized
controlled trials involving 3,493 patients with solid
tumors or malignant lymphoma receiving systemic
chemotherapy.®°

For patients receiving intermediate-risk chemo-
therapy regimens, the panel recommends individualized
consideration of prophylactic G-CSF use based on the
presence of =1 patient-specific comorbidity factors, such
as age >65 years, prior exposure to chemotherapy or
radiotherapy, persistent neutropenia, bone marrow in-
volvement by the tumor, poor performance status, recent
surgery and/or open wounds, renal or liver dysfunction,
and/or HIV infection.®"%> Most of these have been
confirmed as independent risk factors for the develop-
ment of neutropenic complications in a risk model de-
veloped by Lyman et al® that was validated in a study
population of 3,760 patients with cancer beginning
chemotherapy. This model and its associated risk factors
have been retrospectively validated both internally and
externally in an independent patient population.®®* When
the intent of chemotherapy is palliative, use of G-CSF is a
difficult decision and requires careful discussion be-
tween the physician and patient. If the increased risk for
FN is due to patient-specific risk factors, G-CSF use is
reasonable. However, if the risk is due to the chemo-
therapy regimen, the panel feels that alternatives such as
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dose reduction or the use of less myelosuppressive
chemotherapy, if of comparable benefit, should be ex-
plored. For patients receiving low-risk chemotherapy
regimens, routine use of G-CSF prophylaxis is not rec-
ommended but may be appropriate if the patient is
receiving therapy with curative intent and is at significant
patient-specific risk for the development of FN.

Based on review of the evidence and FDA-approvals,
the panel decided to include filgrastim-sndz and the newly
approved biosimilars filgrastim-aafi and pegfilgrastim-
jmdb, pegfilgrastim-cbqv, and pegfilgrastim-bmez as ap-
propriate substitutes for filgrastim/tbo-filgrastim and
pegfilgrastim, respectively, for FN prophylaxis (see MGF-B,
page 16). All options are category 1 recommendations
in this setting. Initial doses of filgrastim, tbo-filgrastim,
or filgrastim biosimilars should be administered sub-
cutaneously the next day or up to 3 to 4 days after
completion of myelosuppressive chemotherapy in a daily
dose of 5 mcg/kg until postnadir ANC recovery to normal
or near-normal levels by laboratory standards. The dose
may be rounded to the nearest vial size by institution-
defined weight limits. The NCCN panel recommends
treatment of patients through postnadir recovery, be-
cause studies have shown shorter durations of G-CSF
treatment to be less efficacious.®

Pegfilgrastim, pegfilgrastim-jmdb, pegfilgrastim-cbqy,
and pegfilgrastim-bmez are pegylated versions of fil-
grastim designed to have a longer half-life, which allows
for a single administration of 6 mg to be sufficient. Based
on clinical trial data, the panel recommends that peg-
filgrastim be administered the day following myelosup-
pressive chemotherapy.®® The rationale for not giving
same-day pegfilgrastim is the potential for exacerbation
of neutropenia resulting from stimulation of hemato-
poietic progenitor cells at the time of cytotoxic chemo-
therapy active in dividing cells, resulting in loss of the
progenitors.5>% Based on review of these data, the panel
endorsed the next-day administration of pegfilgrastim
biosimilars. Administration of pegfilgrastim or pegfil-
grastim biosimilars up to 3 to 4 days after myelosup-
pressive chemotherapy is also reasonable based on trials
of filgrastim. In addition, panelists recognized that some
institutions have administered pegfilgrastim on the same
day as chemotherapy for logistical reasons and to min-
imize travel burdens on long-distance patients.’” The
recent FDA approval of a delivery device that can be
applied the same day as chemotherapy and set to deliver
the full dose of pegfilgrastim the following day (ap-
proximately 27 hours after application) offers an alter-
native to same-day administration for patients who
cannot return to the clinic for next-day administration of
pegfilgrastim.®® However, this on-body delivery device is
currently only available for use with originator pegfil-
grastim and not pegfilgrastim biosimilars. The panel also

NCCN GUIDELINES® INSIGHTS

discussed the use of pegfilgrastim and pegfilgrastim
biosimilars in chemotherapy regimens of different cycle
lengths. In general, there should be at least 12 days between
the dose of pegfilgrastim and the next cycle of chemo-
therapy. If the treatment cycle includes chemotherapy
administration on days 1 and 15, pegfilgrastim or a bio-
similar may be given after each chemotherapy treatment.
Based on phase III clinical trials,%*"° use of pegfilgrastim
for chemotherapy regimens given every 3 weeks is a
category 1 recommendation. Pegfilgrastim use is a cat-
egory 2A recommendation for chemotherapy regimens
given every 2 weeks, based on phase II studies.”’~7¢ Data
supporting the use of pegfilgrastim for weekly regimens
are insufficient, and therefore pegfilgrastim should not
be used. The panel has extended these recommenda-
tions to pegfilgrastim biosimilars.

Therapeutic Use of G-CSFs

Compared with prophylactic use, there is less evidence
supporting the therapeutic use of G-CSF for FN. Al-
though there are clinical benefits to G-CSF therapy for
FN, such as shorter time to neutrophil recovery and
shorter length of hospitalization, it remains unclear whether
these benefits translate into a survival advantage.”"”® The
NCCN panel recommends that patients presenting with FN
who are receiving or have previously received pro-
phylactic filgrastim, tbo-filgrastim, filgrastim-sndz, or
filgrastim-aafi should continue G-CSE However, because
pegfilgrastim, pegfilgrastim-jmdb, pegfilgrastim-cbqyv,
and pegfilgrastim-bmez are long-acting, patients who
have received these agents prophylactically should not
be treated with additional G-CSE™ No studies have
addressed the therapeutic use of filgrastim for FN in
patients who have already received prophylactic pegfil-
grastim or a pegfilgrastim biosimilar. Pharmacokinetic
data following treatment with pegfilgrastim demonstrate
high levels during neutropenia and suggest that addi-
tional G-CSF use may not be beneficial. However, ad-
ditional G-CSF support may be considered in patients
with prolonged neutropenia (beyond 12-14 days), be-
cause the pegylated products are unlikely to endure
beyond this window.

For patients presenting with FN who have not re-
ceived prophylactic G-CSF, the panel recommends an
evaluation of risk factors for infection-related compli-
cations or poor clinical outcome. Features associated
with poor outcome include age >65 years, sepsis syn-
drome, ANC <100 neutrophils/mcL, anticipated pro-
longed (>10 days) neutropenia, pneumonia or other
clinically documented infection, invasive fungal infec-
tions, hospitalization at the time of fever, and prior
episodes of FN. If risk factors are present, therapeutic
G-CSF should be considered. Filgrastim, tbo-filgrastim,
filgrastim-sndz, or filgrastim-aafi may be administered
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in the therapeutic setting at a daily dose of 5 mcg/kg (see
MGF-4, page 15). Treatment should continue through
postnadir recovery. Because pegfilgrastim has only
been studied for prophylactic use, the panel does not
recommend pegfilgrastim-jmdb, pegfilgrastim-cbqy,
or pegfilgrastim-bmez for therapeutic use at this time.

Summary

These NCCN Guidelines Insights highlight important
recent updates to the NCCN Guidelines for HGFs. The
panel recently provided updated recommendations re-
garding the inclusion of FDA-approved G-CSF bio-
similars for the management of FN and other indications,
as well as the erythropoietin biosimilar for treatment of
anemia. Development and availability of new G-CSF
biosimilars for management of FN have increased in
recent years. The incorporation of biosimilars into the
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NCCN Guidelines represents an opportunity to reduce
healthcare expenditures while ensuring the receipt of
high-quality care for patients with cancer. Because
biosimilars are supported by limited clinical data at the
time of approval, clinicians must make decisions on
the appropriate incorporation of biosimilars into
clinical practice while relying on fewer comprehensive
studies. Increased education and awareness of the FDA
approval process for biosimilars, including enhanced
understanding of the evidence required to verify
the safety and efficacy of these products, will help
ensure the acceptance and use of biosimilars in clinical
oncology care.?°

To participate in this journal CE activity, go to
= https://education.nccn.org/node/86647
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