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Activity Rationale and Purpose
Over the past two decades, biologics have had a huge impact on the treatment of cancer in multiple tumor 
types, and in many cases these agents have improved outcomes and survival. In oncology, a growing number 
of biosimilars have been approved and are in clinical use in Europe, and it is anticipated that many oncology 
biosimilars will be approved by the US Food and Drug Administration within the next 18 to 24 months. In light 
of the potential windfall of biosimilars in the pipeline, the need for education must be a priority. Thus, there 
is a significant need to educate health-care providers about the nature of these products, their manufacturing 
process, and how they differ from the original parent compounds. 

Intended Audience
The activity’s target audience will consist of nurse practitioners, PAs, clinical nurse specialists, advanced 
degree nurses, oncology and hematology nurses, pharmacists, and physicians.

This CME/CE/CEU accredited supplement is jointly provided by
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Learning Objectives
After completing this educational activity, participants should be able to:

1.	 Demonstrate a clear understanding of the chemical nature of biosimilars, and their differences from 
biologics and generics.

2.	 Identify biosimilars with recent or pending FDA approvals, and recommendations for their clinical use.
3.	 Be aware of biosimilar nomenclature to avoid any confusion between prescribed drug and parent biologic 

or other biosimilars.
4.	 Understand the importance of pharmacovigilance to identify potential long-term adverse effects.
5.	 Be prepared to clearly explain and discuss the concept of biosimilars with patients and their family 

members. 

Continuing Education
Statement of Credit—Participants who successfully complete this activity (including the submission of the 
post-test and evaluation form) will receive a statement of credit.

Physicians. This activity has been planned and implemented in accordance with the accreditation 
requirements and policies of the Accreditation Council for Continuing Medical Education through 
the joint providership of the Annenberg Center for Health Sciences at Eisenhower, Harborside 
Medical Education, and the Journal of the Advanced Practitioner in Oncology. The Annenberg Center 
is accredited by the ACCME to provide continuing medical education for physicians.

The Annenberg Center for Health Sciences at Eisenhower designates this enduring activity 
for a maximum of 0.75 AMA PRA Category 1 Credits™. Physicians should claim only the credit 
commensurate with the extent of their participation in the activity.

Nurses. The Annenberg Center for Health Sciences at Eisenhower is accredited as a provider 
of continuing nursing education by the American Nurses Credentialing Center’s Commission 
on Accreditation. 

A maximum of 0.75 contact hour may be earned for successful completion of this activity. 

Provider approved by the California Board of Registered Nursing, Provider No. 13664, for 0.75 
contact hour.

Pharmacists. The knowledge-based accredited educational activity is intended for pharmacists 
involved in the care of cancer patients. This educational activity is provided by the Annenberg 
Center for Health Sciences at Eisenhower. 

The Annenberg Center for Health Sciences at Eisenhower is accredited by the Accreditation Council 
for Pharmacy Education as a provider of continuing pharmacy education. This program is assigned 
ACPE Universal Program #0797-9999-17-099-H01-P. This program is designated for up to 0.75 
contact hour (0.075 CEU) of continuing pharmacy education credit.

Financial Disclosures
All individuals in positions to control the content of this program (eg, planners, faculty, content reviewers) are 
expected to disclose all financial relationships with commercial interests that may have a direct bearing on 
the subject matter of this continuing education activity. Annenberg Center for Health Sciences at Eisenhower 
has identified and resolved all conflicts of interest in accordance with the ACHS policies and procedures. 
Participants have the responsibility to assess the impact (if any) of the disclosed information on the educational 
value of the activity. 
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Abstract
Biosimilar agents are biologic products that have been shown to be 
“highly similar” to an already approved reference biologic product. 
Their integration into clinical practice has the potential to significantly 
decrease costs for patients, health-care systems, and insurance compa-
nies. Through legislation, the US Food and Drug Administration (FDA) 
approved the Biologics Price Competition and Innovation (BCPI) Act 
in 2009. In 2010, it was signed into law, allowing for an abbreviated 
pathway for biosimilar approval. This law implemented a framework 
for development and regulation of biosimilars for manufacturers and 
provided guidance for the key submission components necessary to 
achieve final FDA approval. Many factors will influence how biosimi-
lars are integrated into health-care systems and oncology clinics. As 
biosimilar utilization in the United States expands beyond supportive 
care, unique challenges will emerge. Patient and staff education will be 
at the forefront of the successful application of biosimilar agents in on-
cology, and advanced practitioners will be in a unique position to lead 
change. The goal of this article is to describe the chemical and clinical 
nature of biosimilars, review focus areas of interest for biosimilar devel-
opment in oncology, discuss implementation strategies for biosimilars, 
and provide techniques for patient education on biosimilars. 

J Adv Pract Oncol 2017;8:688–699

B iologic agents play an 
increasingly important 
role in the medical care 
of patients. Between 

2010 and 2015, biologics accounted 
for 22% of drugs approved by the 
US Food and Drug Administra-
tion (FDA). This comes at a cost, 
however: Although less than 1% of 

all prescriptions dispensed in the 
United States are biologics, 28% 
of prescription drug spending is 
associated with biologic agents 
(Sarpatwari, Avorn, & Kesselheim, 
2015). By 2019, it is estimated that 
the global market for biologics will 
reach $66.4 billion (Camacho & 
Pai, 2015).
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As such, there is a pressing need to reduce 
medication costs to manage health-care re-
sources responsibly. One way of accomplishing 
this is through the development of pathways for 
generic drug approval. In 1984, Congress passed 
the Drug Price Competition and Patent Term 
Restoration Act (Hatch-Waxman Act), which 
applied a process for generic medication ap-
proval to chemical agents. It is estimated that in 
2015, 89% of prescriptions were filled for gener-
ic medications, accounting for a cost savings of 
$227 billion (Generic Pharmaceutical Associa-
tion, 2016).

The Hatch-Waxman Act applied to relatively 
simple chemical structures where manufactur-
ing processes could make exact duplicates of 
reference medicines. The Act did not apply to 
biologic agents due to the complexity involved in 
the development and manufacturing of biologic 
agents; this resulted in a gap in the development 
of products that were near identical—or biosimi-
lar—to a licensed biologic product. The European 
Medicine Agency (EMA) was the first regulatory 
agency to approve biosimilar medications, with 
the introduction of biosimilars for epoetin alfa in 
2007 and filgrastim in 2008. The United States, 
however, has lagged years behind. The Biolog-
ics Price Competition and Innovation (BCPI) Act 
was introduced through legislation in 2009. In 
2010, it was signed into law as part of the Patient 
Protection and Affordable Care Act, allowing for 
an abbreviated pathway for biosimilar approval 
(Christl, 2015).

UNDERSTANDING BIOLOGICS, 
BIOSIMILARS, AND GENERIC DRUGS
Biologic therapies are highly complex medicines 
created from living cells, in contrast to small- 
molecule drugs, which have relatively simple 
chemical structures and a more straightforward 
manufacturing process. Table 1 compares biosimi-
lar and generic drugs with regard to their molecu-
lar structures and pathways to FDA approval. Ex-
amples of biologic agents include vaccines, gene 
therapies, and monoclonal antibodies. Biologic 
structures can consist of proteins, sugars, nucleic 
acids, or a combination of the three.

Due to the complexity involved in creating 
biologics, heterogeneity in the final product may 
occur. Heterogeneity refers to minor variations in 
the biologic agent that can occur both naturally or 
through the production process. These differenc-
es can contribute to batch-to-batch variations that 
are expected in the development of complex bio-
logics. An increased level of inspection and scru-
tiny of manufacturing processes is therefore nec-
essary to ensure patient safety and clinician trust 
of biosimilar development (Schellekens, Smolen, 
Dicato, & Rifkin, 2016). 

The term “biosimilar” was first established by 
the European Union in 2006 to describe biologics, 
which are similar copies of reference agents. Table 
2 defines common terms that are used in the con-
text of biosimilar agents.

In the United States, the FDA defines bio-
similarity using two core criteria. First, the bio-
logic product must be “highly similar” to the cor-

Table 1. Comparison of Generic Drugs vs. Biosimilars

Generics Biosimilars

Molecular structure Simple structure; low molecular weight Complex structure; large molecular weight 
proteins

Can create identical copies Minor variations in molecular composition 
may occur; this can also occur from lot to lot 
with reference biologics

FDA approval process No clinical efficacy trials required for 
approval; focus on pharmacokinetics

Clinical trials necessary

When approved, all indications apply Manufacturers must apply for extrapolation 
across indications

Substitution directed by Orange Book Substitution directed by Purple Book

Health-care costs Costs to bring to market relatively low Costs to bring to market very high

Note. FDA = US Food and Drug Administration. Adapted from Rumore & Vogenberg (2016).
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responding reference biologic, in that there may 
be minor differences in the production process 
or clinically inactive components (Christl, 2015). 
Second, there should be “no clinically meaning-
ful differences between the biological product and 
the reference product in terms of the safety, pu-
rity, and potency of the product.”

The FDA reviews the “totality of evidence” to 
determine whether a biologic agent is biosimilar 
to the reference agent to which it is being com-
pared (Christl, Woodcock, & Kozlowski, 2017). 
The minor differences that can occur in the devel-
opment and production of biosimilars point to the 
necessity for a complex framework for review and 
approval by the FDA, which incorporates analytic, 
pharmacologic, and clinical data. This framework 
for FDA review of biosimilars was created to en-
sure that patients and providers are confident in 
both the safety and efficacy of a biosimilar agent 
similar to a reference biologic agent.

There are unique requirements for the FDA 
approval of a biosimilar agent vs. the original ref-
erence biologic agent. The biosimilar must have 
the same dosage form, concentration, and route 
of administration as the reference biologic agent. 
The manufacturing facility must pass rigorous 
inspections and review by the FDA. A strong em-
phasis is placed on analytic studies, which are the 
foundation for potential approval of a biosimilar 
agent. The goal of these analytic studies is to show 
that the agent is “highly similar” to the reference 
biologic agent. Depending upon the analysis of 

data by the FDA, the level of nonclinical and clini-
cal studies for submission will be decided.

Initial animal and human studies must be per-
formed to assess toxicities and pharmacokinetics/
pharmacodynamics. Large clinical studies can add 
to the level of data and reduce uncertainty that 
may be present within the analytic data (Christl et 
al., 2017). The FDA does not require clinical stud-
ies for all indications for which the manufacturer 
may be seeking FDA approval. In oncology this 
is important, as many reference biologics have 
lost or are soon to lose patent approval, including 
rituximab, trastuzumab, bevacizumab, and cetux-
imab (Rugo, Linton, Cervi, Rosenberg, & Jacobs, 
2016). Clinical studies can also help define any 
risk of immunogenicity, which is the most sig-
nificant safety concern within biosimilar develop-
ment and clinical use (Liu, Zou, Sadhu, Shen, & 
Nock, 2015). 

COST IMPLICATIONS OF  
BIOSIMILAR APPROVAL
Over the past 10 years, patent expiration of biologic 
agents in oncology has led to significant interest in 
the development of biosimilar agents. This includes 
monoclonal antibodies for therapeutic indications 
in oncology along with biologic products for sup-
portive care indications. In 2015, the first biosimi-
lar, filgrastim-sndz, was approved in the United 
States. Filgrastim-sndz is a biosimilar for the ref-
erence product filgrastim, a short-acting granulo-
cyte-colony stimulating factor (G-CSF). Within 4 

Table 2. Common Biosimilar Terminology

Biologic A therapeutic antibody, vaccine, virus, blood product, or protein used for treatment in patients

Biosimilar A biologic product that is “highly similar” to the reference product, notwithstanding minor 
differences in clinically inactive components. There are no clinically meaningful differences 
between the biosimilar and the reference product in terms of safety, purity, and potency.

Reference product The single FDA-approved biologic product against which a biosimilar is evaluated

Interchangeable A biosimilar that would be expected to produce the same clinical result as the reference 
product in any given patient. For a product that is administered more than once to an individual, 
the risk in terms of safety or diminished efficacy of alternating or switching between the use of 
the product and its reference product is not greater than the risk of using the reference product 
without such alternation or switch.

Extrapolation The process of granting one or more clinical indications to a drug without conducting new 
clinical and/or safety studies to support the additional indications

Immunogenicity Ability of a substance to provoke an immune response. In the case of a biologic or biosimilar 
agent, it is the ability of the drug to provoke an immune response to itself. 

Note. FDA = US Food and Drug Administration. Adapted from Christl (2015); Rumore & Vogenberg (2016).
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months of FDA approval, filgrastim-sndz attained 
24% of the short-acting G-CSF market after pric-
ing an initial 15% average wholesale price (AWP) 
discount compared with filgrastim (Blank, 2017).

The first FDA-approved biosimilar for cancer 
treatment is bevacizumab-awwb (US Food and 
Drug Administration, 2017a). Pricing and a prod-
uct launch time for bevacizumab-awwb has not 
been set at this time due to a patent expiration of 
2019 for bevacizumab. 

Five other biosimilars have been approved 
by the FDA for non-oncologic indications. They 
include two biosimilars for infliximab, two bio-
similars for adalimumab, and one for etanercept 
(Center for Drug Evaluation and Research, 2017); 
these biosimilars are primarily used for autoim-
mune disorders. In the case of infliximab, there 
are now three therapeutic options for providers 
(one reference agent and two biosimilars), which 
has resulted in a significant improvement in pric-

ing for patients. One biosimilar, infliximab-abda 
(Renflexis), was initially priced at a 35% AWP dis-
count to the reference product infliximab, demon-
strating the impact of free-market competition in 
decreasing costs for patients, health systems, and 
society (George, 2017). 

BIOSIMILARS IN ONCOLOGY
There has been significant interest in the develop-
ment of biosimilars in oncology due to recent or 
pending patent expirations of several core biolog-
ic agents. They include epoetin alfa, pegfilgrastim, 
rituximab, trastuzumab, bevacizumab, and cetux-
imab. Table 3 describes recent updates in this area 
of biosimilar development.

The field of biosimilar development has 
quickly become crowded. For example, three bio-
similars for trastuzumab have been submitted to 
the FDA, with one recommended for approval 
by the FDA Oncology Drugs Advisory Commit-

Table 3. Biosimilar Development and Approval

Reference 
product

Mechanism of 
action

Patent 
expiration (US) Biosimilar status/manufacturer Reference

Epoetin alfa Erythropoietin 
(RBC stimulation)

2013 •• �Retacrit (Pfizer): recommended for 
approval by ODAC; the FDA denied 
approval due to manufacturing 
concerns in June 2017

Gifford (2017)

Pegfilgrastim Pegylated G-CSF 2015 •• �CHS-1701 (Coherus): first submission 
denied by the FDA due to 
manufacturing and 
immunogenicity concerns

•• �LA-EP2006 (Sandoz) and Lapelga 
(Apotex) currently under review

Generics and 
Biosimilars Initiative 
(2016)

Cetuximab EGFR inhibitor 2016 •• �ABP-494 (Amgen) in preclinical study
•• Limited biosimilar development

Camacho (2017)

Rituximab CD20 inhibitor 2016 •• �CT-P10 (Celltrion/Teva) submitted to 
the FDA and accepted for review

•• �Others in development: BCD-020 
and PF-05280586

Generics and 
Biosimilars Initiative 
(2017c)

Bevacizumab VEGF inhibitor 2019 •• �Bevacizumab-awwb (Amgen/
Allergan) approved by the FDA in 
September 2017

•• �Others with phase III data: BCD-021, 
BI 695502

US Food and Drug 
Administration (2017b);
Generics and 
Biosimilars Initiative 
(2017a)

Trastuzumab HER2 inhibitor 2019 •• �MYL-1401O (Mylan) recommended 
for approval by ODAC in July 2017

•• �Other biosimilars with phase III data: 
CT-P6, BCD-022, SB3, ABP-980,  
PF-05280014

Stanton (2017);
Generics and 
Biosimilars Initiative 
(2017b)

Note. RBC = red blood cell; ODAC = Oncology Drugs Advisory Committee; FDA = US Food and Drug Administration; 
G-CSF = granulocyte colony-stimulating factor; EGFR = epidermal growth factor receptor; VEGF = vascular endothelial 
growth factor, HER2 = human epidermal growth factor receptor 2.
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tee (ODAC; Stanton, 2017). There are currently at 
least six biosimilars for trastuzumab with phase 
III data reported (Generics and Biosimilars Ini-
tiative, 2017b). Trastuzumab does not lose patent 
protection until 2019 in the United States, and it 
is expected that even more biosimilars could have 
additional data or be reviewed for approval by 
the FDA in the interim (Rugo et al., 2016). As de-
scribed earlier in this article, the data submitted 
to the FDA for approval are based on the “totality 
of evidence” comprising analytic, nonclinical and 
clinical pharmacokinetics and pharmacodynam-
ics, and clinical study results (Christl et al., 2017). 
In the case of oncologic indications, where the bar 
is set high for approval, clinical evidence often 
involves at least one phase III study (Rugo et al., 
2016). Of note, the FDA will allow for extrapola-
tion across indications if the clinical data submit-
ted indicate biosimilarity (Christl et al., 2017). 

Phase III results for a trastuzumab biosimilar 
(MYL-1401O) vs. trastuzumab were recently pub-
lished (Rugo et al., 2017). In this multicenter, dou-
ble-blind, randomized study, 500 patients were 
randomized 1:1 to receive MYL-1401O or trastu-
zumab plus a taxane for HER2-positive metastatic 
breast cancer. The overall response rate (ORR) was 
69.6% for MYL-1401O vs. 64% for trastuzumab, 
which was not statistically significant. Other mea-
sures, including progression-free survival, time to 
tumor progression, and overall survival, were not 
statistically significant at 48 weeks of follow-up. 
No difference was seen in adverse effects, includ-
ing cardiac changes. Other biosimilar agents to 
trastuzumab have reported phase III data and are 
currently in the process of FDA review (Generics 
and Biosimilars Initiative, 2017b).

Several biosimilars for bevacizumab are also 
in the late stages of development and submission 
to the FDA. Recently, bevacizumab-awwb was 
approved by the FDA based on preclinical and 
clinical data (US Food and Drug Administration, 
2017a). In a phase III study, bevacizumab-awwb 
was compared with bevacizumab at the equal 
15-mg/kg dose in patients with nonsquamous 
non–small cell lung cancer receiving carbopla-
tin and paclitaxel administered every 3 weeks 
(Thatcher et al., 2016). A total of 328 patients 
received bevacizumab-awwb and 314 patients 
received bevacizumab. The ORR was 39% vs. 

41.3% for bevacizumab-awwb and bevacizumab, 
respectively. The difference was not statistically 
significant. No difference in adverse effects was 
reported. Binding antibodies developed in 1.4% 
of bevacizumab-awwb patients and 2.5% of bev-
acizumab patients. 

Rituximab is now off patent, meaning a biosim-
ilar agent could be approved for use and introduced 
to the market at this time. The biosimilar CT-P10 
has now been accepted for review by the FDA (Ge-
nerics and Biosimilars Initiative, 2017c). A phase 
III study compared CT-P10 and rituximab when 
combined with cyclophosphamide, vincristine, and 
prednisone (CVP) in newly diagnosed advanced-
stage follicular lymphoma (Kim et al., 2017). A total 
of 140 patients were randomized in a 1:1 ratio. The 
overall response rate was 97% for patients receiv-
ing CVP plus CT-P10 vs. 92.6% for patients receiv-
ing CVP plus rituximab. No statistically significant 
differences in adverse events were observed. Bind-
ing antibodies occurred in 4.3% of patients receiv-
ing CT-P10 vs. 2.9% in patients receiving rituximab. 

RISK OF IMMUNOGENICITY
Immunogenicity is an immune-related response 
or immune reaction of the host against a therapeu-
tic protein. This is a common occurrence after the 
introduction of therapeutic proteins in the body; 
however, clinical impact is rare. The development 
of immunogenicity can be both cellular and hu-
moral and may be complex. Immunogenicity can 
be measured through the development of antibod-
ies targeting the therapeutic protein (anti-drug 
antibodies). This process can occur in the con-
text of biologic or biosimilar drug use due to the 
complex process in drug development (Pedras-
Vasconcelos, 2014). The greatest concern in the 
context of biosimilar drug development is the risk 
of an immune reaction if the patient is switched 
back and forth between a reference agent and the 
biosimilar product due to a higher theoretical risk 
of immunogenicity (Markus et al., 2017).

Clinical adverse effects from immunogenicity 
may arise either due to an alternation in pharma-
cologic activity or from an immune-mediated tox-
icity during long-term treatment (Clarke, 2010). 
This can mechanistically occur through binding 
antibodies to therapeutic proteins or neutral-
izing antibodies that impede the activity of the 
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therapeutic protein (Pedras-Vasconcelos, 2014). 
Altogether, the clinical impact may be a change in 
pharmacokinetic activity, reduced efficacy, infu-
sion-related reactions, and cross-reactivity to the 
endogenous counterpart of the therapeutic pro-
tein. A loss or change in efficacy is not necessar-
ily linked to an increase in adverse events. Despite 
these concerns, clinical experience in areas of the 
world where biosimilars have been integrated for 
many years has shown safety in long-term follow-
up. In Europe, biosimilars have been used for ap-
proximately 400 million patient days, with no se-
rious safety signals noted thus far (Schellekens et 
al., 2016). 

Clinical examples of immunogenicity occur-
ring with therapeutic proteins have been reported 
in the literature. One often-discussed example 
was a case of cross-reactivity to the endogenous 
counterpart of the therapeutic protein epoetin alfa 
(Eprex). In this case, a change in manufacturing 
processes and not the production of the therapeutic 
protein itself resulted in immunogenicity (Pedras-
Vasconcelos, 2014). In another case, the incidence 
of pure red cell aplasia (decrease in red blood cells) 
was found to have significantly increased outside 
the United States in patients receiving epoetin alfa 
between 1998 and 2001 (Bennett et al., 2004). Pure 
red cell aplasia can be severe, and transfusional 
support and immunosuppressant treatment were 
required in many patients.

A root-cause analysis determined that clinically 
neutralizing antibodies against natural erythropoi-
etin were found in patients who primarily received 
the Eprex formulation of epoetin alfa. A vehicle 
formulation change that occurred in 1998 (from 
the use of albumin to polysorbate 80) was discov-
ered to be the primary cause of the development of 
this pure red cell aplasia, which reportedly affected 
175 patients worldwide. Of note, the onset was not 
immediate, with a median duration of treatment of 
9.1 months in patients receiving Eprex. 

The FDA has placed a strong emphasis on re-
viewing the risk of immunogenicity and will not 
allow biosimilars to be approved if there are un-
answered questions when reviewing immuno-
genicity data. Although analytic methodology is 
a core focus for development and review of bio-
similars, risks of immunogenicity cannot be fully 
determined using analytic methods (Christl et al., 

2017). Clinical studies must be performed to as-
sess this risk; in some cases, this can be integrated 
into other studies, but often immunogenicity risk 
must be the focus of the study.

When reviewing biosimilars for approval, the 
FDA also does not focus solely on the data; the 
agency will also review manufacturing facilities 
and processes to determine whether the entire 
application is with merit. A recent example of this 
in the United States involved another biosimilar 
to epoetin alfa (Gifford, 2017). In this case, ODAC 
recommended to approve the biosimilar agent 
manufactured by Pfizer based on the analytic and 
clinical data submitted. The FDA, however, de-
nied the approval of the biosimilar, citing concerns 
with the manufacturing facility and process. The 
FDA did not request additional clinical data. This 
underscores the importance of a safe manufactur-
ing process and stresses the high bar for safety be-
ing set by the FDA. 

INTERCHANGEABILITY
All currently approved biosimilars can be pre-
scribed in the same way any medication would 
be written. The details of the prescription must 
include the exact name, and no substitutions are 
permitted. For example, if a prescriber wrote a 
prescription for filgrastim, at this time it would 
be dispensed as the corresponding biologic agent, 
filgrastim. If the prescriber wanted to have a bio-
similar dispensed, the written name would be fil-
grastim-sndz. At this time, filgrastim-sndz is not 
considered interchangeable with the reference 
product filgrastim. 

There are two additional requirements in the 
United States for a biosimilar to be designated by 
the FDA as interchangeable with a reference prod-
uct. Defined by the FDA, the biosimilar would be 
“expected to produce the same clinical result as 
the reference product in any given patient; and for 
a product that is administered more than once to 
an individual, the risk in terms of safety or dimin-
ished efficacy of alternating or switching between 
use of the product and its reference product is not 
greater than the risk of using the reference prod-
uct without such alternation or switch” (Christl, 
2015). To provide guidance on this issue, the FDA 
has created the Purple Book, which gives clarity to 
whether a medication is a biosimilar or addition-



697AdvancedPractitioner.com Vol 8  No 7  Nov/Dec 2017

INTEGRATING BIOSIMILARS INTO ONCOLOGY PRACTICE REVIEWCE

ally interchangeable with a reference biologic (US 
Food and Drug Administration, 2017b). 

Once a biosimilar is approved as interchange-
able, pharmacist substitution is allowed with-
out the intervention of a health-care provider 
(Christl, 2015). Whether or not manufacturers 
will pay for additional studies to achieve a des-
ignation of interchangeable remains to be seen. 
At this time, no biosimilars have received FDA 
approval as being interchangeable; despite this, 
laws regarding interchangeability have been im-
plemented at the state level, which has created 
confusion (Rumore & Vogenberg, 2016; US Food 
and Drug Administration, 2017b). In a situation 
where the biologic is dispensed frequently from 
a retail pharmacy, having a designation as inter-
changeable may be beneficial.

For most biologic agents in oncology, dispens-
ing occurs within a health-system (clinic or hos-
pital) pharmacy; in such cases, a pharmacy and 
therapeutics medical committee would be expect-
ed to review individual biosimilar agents for clini-
cal and financial benefits to determine whether 
the biosimilar should be added to the formulary 
(Rumore & Vogenberg, 2016). Systematic changes 
can occur through mechanisms such as this, and 
clarity for prescribing practices will require the 
use of the electronic medical records for guidance. 
In this situation, a pharmacist would not be sub-
stituting a biosimilar agent; rather, the electronic 
medical system would be guiding the provider 
to the pharmacy and therapeutics committee– 
approved biosimilar agent. 

BARRIERS TO IMPLEMENTATION
There will be numerous barriers to implementa-
tion of biosimilar agents. One primary obstacle 
concerns patient and physician perception of 
biosimilars. A study performed by the National 
Comprehensive Cancer Network (NCCN) in 2011 
demonstrated that practitioners had moderate-
to-high overall interest in prescribing biosimilars; 
however, approximately 25% of respondents in-
dicated they would need additional information 
before deciding their future interest in prescrib-
ing biosimilars (Zelenetz et al., 2011). Long-term 
follow-up of data from the integration of bio-
similars into practice in Europe and the strict 
standards set by the FDA will help improve per-

ceptions over time, but education will be vital to 
reduce the risk of misconceptions regarding effi-
cacy and safety. Lawsuits between manufacturers 
have delayed the integration of biosimilars in the 
United States (Rumore & Vogenberg, 2016).

Another barrier is the magnitude of cost ben-
efit for patients and oncology practices. If the 
decrease in price is minor, the cost of implemen-
tation, electronic medical record changes, and 
education can be a deterrent. To prevent switch-
ing between the reference biologic and biosimilar, 
processes will be required to track use. Unless a 
complete switch is utilized over time, the pharma-
cy will need to stock both the reference biologic 
and biosimilar, which will increase the costs of 
implementation. If multiple biosimilar agents are 
approved for a reference agent, record-keeping 
will be necessary to diminish the risk of switching 
biosimilar agents in the same patient over time. 

BIOSIMILAR EDUCATION AND 
PHARMACOVIGILANCE
One of the core challenges to successfully im-
plementing biosimilars is increasing provider 
and patient confidence in the efficacy and safety 
of these agents. Advanced practitioners (APs) 
can perform a vital role in the management of 
biosimilars. This starts with AP involvement in 
clinical studies assessing biosimilar efficacy and 
safety and continues with education and treat-
ment monitoring. Investigational oncology phar-
macists can be involved in biosimilar study design 
and management, and nurse practitioners and 
physician assistants in oncology can manage and 
monitor patients on biosimilar studies and pro-
vide patient education.

Education will be necessary for informed 
decision-making regarding the perceived efficacy 
and safety of biosimilar agents to improve clinic 
and hospital adoption and patient confidence. 
Examples of such education include patient, phy-
sician, AP, nursing, and nonclinical staff educa-
tion. Patient teaching of new treatment regimens 
or a change in the treatment regimen is often per-
formed by APs. Advanced practitioners will also 
be involved in the training of medical staff, in-
cluding physicians and nurses. And, as APs often 
work for pharmacy and therapeutics committees 
and related formulary management within hos-
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pital systems, they may also be involved in bio-
similar clinical and cost review, decision-making 
analysis, and biosimilar implementation. 

Biosimilars in oncology are currently utilized 
for supportive care indications. There will be a sig-
nificantly increased demand for patient and staff 
education in the future with the pending approv-
als and/or upcoming patent expirations for oncol-
ogy biosimilars with therapeutic use, where the 
bar for efficacy and safety is set extremely high. To 
successfully implement biosimilar agents within 
oncology systems, formalized education process-
es will be necessary. Staff and patients will likely 
require reassurance that the rigorous process set 
by the FDA for approval will ensure “no clinically 
meaningful differences in safety, purity, and po-
tency” between the biosimilar and reference bio-
logic drug (Christl et al., 2017). Additional require-
ments for clinical data (often at least one phase III 
comparative study) should also be discussed with 
staff and patients. In the case of specific biosimilar 
agents, education including a review of the studies 
performed will help reassure staff of the clinical 
rigors required by the FDA. 

Risks of immunogenicity have been a concern, 
and education needs to include the key steps the 
FDA and manufacturers take to eliminate this risk. 
First, preclinical and clinical data are compiled to 
assess for immunogenicity. Second, postmarketing 
pharmacovigilance programs have been created to 
assess any long-term signals that could develop. Ad-
vanced practitioners will play a key role in the iden-
tification of any unexpected reactions. Staff and 
patients need to be reassured that biosimilars have 
been used for approximately 400 million patient 
days over a 10-year period, and no serious safety 
signals have been noted (Schellekens et al., 2016). 

CONCLUSION
The introduction of biosimilar agents in oncology 
will provide unique opportunities and challenges 
for APs. Biosimilar agents have the potential to 
increase access and significantly decrease costs 
to patients and medical systems. The educational 
requirements, pharmacy management, and phar-
macovigilance efforts could require additional 
clinic or hospital resources for successful utiliza-
tion of biosimilars in oncology. For AP education 
of patients, a clear understanding of the process 

for biosimilar regulatory approval, including the 
strict efficacy and safety requirements set by the 
FDA, will be essential. l

Disclosure
Dr. Campen has received consulting fees/hono-
raria from Astellas Pharma. 

References
Bennett, C. L., Luminari, S., Nissenson, A. R., Tallman, M. S., 

Klinge, S. A., McWilliams, N.,…Casadevall, N. (2004). 
Pure red-cell aplasia and epoetin therapy. New Eng-
land Journal of Medicine, 351, 1403–1408. https://doi.
org/10.1056/NEJMoa040528

Blank, C. (2017). How new biosimilars will impact the mar-
ket. Drug Topics. Retrieved from http://drugtopics.mod-
ernmedicine.com/drug-topics/news/how-new-biosimi-
lars-will-impact-market

Camacho, L. H. (2017). Current status of biosimilars in oncol-
ogy. Drugs, 77, 985–997. https://doi.org/10.1007/s40265-
017-0743-z

Camacho, L. H., & Pai, N. (2015). Pharmacovigilance of on-
cology biosimilars. Journal of Pharmacovigilance, S3, 1–6. 
https://doi.org/10.4172/2329-6887.S3-001

Center for Drug Evaluation and Research. (2017). List of licensed 
biological products with (1) reference product exclusiv-
ity and (2) biosimilarity or interchangeability evaluations 
to date. Retrieved from https://www.fda.gov/downloads/
Drugs/DevelopmentApprovalProcess/HowDrugsareDe-
velopedandApproved/ApprovalApplications/Therapeu-
ticBiologicApplications/Biosimilars/UCM560162.pdf

Christl, L. A. (2015). FDA’s overview of the regulatory guid-
ance for the development and approval of biosimilar 
products in the US [Powerpoint slides]. Retrieved from 
https://www.fda.gov/downloads/Drugs/Developmen-
tApprovalProcess/HowDrugsareDevelopedandAp-
proved/ApprovalApplications/TherapeuticBiologicAp-
plications/Biosimilars/UCM428732.pdf

Christl, L. A., Woodcock, J., & Kozlowski, S. (2017). Biosimi-
lars: The US regulatory framework. Annual Reviews in 
Medicine, 68, 243–254. https://doi.org/10.1146/annurev-
med-051215-031022

Clarke, J. B. (2010). Mechanisms of adverse drug reactions to 
biologics. Handbook of Experimental Pharmacology, 196, 
453–474. https://doi.org/10.1007/978-3-642-00663-0_16 

Drug Price Competition and Patent Term Restoration Act of 
1984. Pub. L. No. 98-417. (1984).

Generic Pharmaceutical Association. (2016). 2016 Generic 
drug savings & access in the United States report. Re-
trieved from http://www.gphaonline.org/media/gener-
ic-drug-savings-2016/index.html

Generics and Biosimilars Initiative. (2016). FDA accepts ap-
plication for pegfilgrastim biosimilar from Coherus. Re-
trieved from http://www.gabionline.net/Biosimilars/
News/FDA-accepts-application-for-pegfilgrastim-bio-
similar-from-Coherus

Generics and Biosimilars Initiative. (2017a). Biosimilars of 
bevacizumab. Retrieved from http://www.gabionline.
net/Biosimilars/General/Biosimilars-of-bevacizumab

Generics and Biosimilars Initiative. (2017b). Biosimilars of 
trastuzumab. Retrieved from http://www.gabionline.



699AdvancedPractitioner.com Vol 8  No 7  Nov/Dec 2017

INTEGRATING BIOSIMILARS INTO ONCOLOGY PRACTICE REVIEWCE

net/Biosimilars/General/Biosimilars-of-trastuzumab
Generics and Biosimilars Initiative. (2017c). FDA accepts 

application for Celltrion/Teva’s rituximab biosimilar. 
Retrieved from http://www.gabionline.net/Biosimilars/
News/FDA-accepts-application-for-Celltrion-Teva-s-
rituximab-biosimilar

George, J. (2017). Merck launches biosimilar version of J&J 
blockbuster Remicade. Retrieved from https://www.bi-
zjournals.com/philadelphia/news/2017/07/24/merck-
johnson-jnj-mrk-remicade-renflexis.html

Gifford, C. N. (2017). FDA unexpectedly rejects Pfizer’s applica-
tion for an epoetin alfa biosimilar (again). Retrieved from 
http://www.biosimilarsip.com/2017/06/28/fda-unexpect-
edly-rejects-pfizers-application-epoetin-alfa-biosimilar/

Kim, W. S., Jurczak, W., Sancho, J.-M., Javrid, E., Kim, J. S., Her-
nandez Rivas, J. A.,…Coiffier, B. (2017). Double-blind, ran-
domized phase 3 study to compare efficacy and safety of the 
biosimilar CT-P10 to rituximab combined with CVP ther-
apy in patients with previously untreated advanced-stage 
follicular lymphoma [Abstract 7532]. Journal of Clinical On-
cology (ASCO Annual Meeting Abstracts), 35(15 suppl).

Liu, P. M., Zou, L., Sadhu, C., Shen, W. D., & Nock, S. (2015). 
Comparative immunogenicity assessment: A critical 
consideration for biosimilar development. Bioanalysis, 7, 
373–381. https://doi.org/10.4155/bio.14.311

Markus, R., Liu, J., Ramchandani, M., Landa, D., Born, T., & 
Kaur, P. (2017). Developing the totality of evidence for 
biosimilars: Regulatory considerations and building con-
fidence for the healthcare community. BioDrugs, 31, 175–
187. https://doi.org/10.1007/s40259-017-0218-5

Pedras-Vasconcelos, J. A. (2014). The immunogenicity of ther-
apeutic proteins: What you don’t know can hurt you and 
the patient [Powerpoint slides]. Retrieved from https://
www.fda.gov/downloads/Drugs/DevelopmentApprov-
alProcess/SmallBusinessAssistance/UCM408709.pdf

Rugo, H. S., Barve, A., Waller, C. F., Hernandez-Bronchud, 
M., Herson, J., Yuan, J.,…Pennella, E. (2017). Effect of a 
proposed trastuzumab biosimilar compared with trastu-
zumab on overall response rate in patients with ERBB2 
(HER2)-positive metastatic breast cancer: A randomized 
clinical trial. Journal of the American Medical Associa-
tion, 317, 37–47. https://doi.org/10.1001/jama.2016.18305

Rugo, H. S., Linton, K. M., Cervi, P., Rosenberg, J. A., & Ja-
cobs, I. (2016). A clinician’s guide to biosimilars in on-
cology. Cancer Treatment Reviews, 46, 73–79. https://doi.
org/10.1016/j.ctrv.2016.04.003

Rumore, M. M., & Vogenberg, F. R. (2016). Biosimilars: Still 
not quite ready for prime time. P&T, 41, 366–375. 

Sarpatwari, A., Avorn, J., & Kesselheim A. S. (2015). Progress 
and hurdles for follow-on biologics. New England Jour-
nal of Medicine, 372, 2380–2382. https://doi.org/10.1056/
NEJMp1504672

Schellekens, H., Smolen, J. S., Dicato, M., & Rifkin, R. M. 
(2016). Safety and efficacy of biosimilars in oncology. 
Lancet Oncology, 17, e502–e509. https://doi.org/10.1016/
S1470-2045(16)30374-6

Stanton, D. (2017). Teva and Amgen latest to submit trastu-
zumab biosimilars to US FDA for review. Retrieved from 
http://www.biopharma-reporter.com/Hot-Topics/Bio-
similars/Teva-Celltrion-Amgen-Allergan-submit-Her-
ceptin-biosimilars-to-FDA

Thatcher, N., Thomas, M., Paz-Ares, L., Ostoros, G., Pan, Z., 
Goldschmidt, J. H.,…Hanes, V. (2016). Randomized, dou-
ble-blind, phase 3 study evaluating efficacy and safety of 
ABP 215 compared with bevacizumab in patients with 
non-squamous NSCLC [Abstract 9095]. Journal of Clinical 
Oncology (ASCO Annual Meeting Abstracts), 34(15 suppl).

US Food and Drug Administration. (2017a). FDA approves 
first biosimilar for the treatment of cancer. Retrieved 
from https://www.fda.gov/NewsEvents/Newsroom/
PressAnnouncements/ucm576112.htm

US Food and Drug Administration. (2017b). Purple Book: 
Lists of licensed biological products with reference 
product exclusivity and biosimilarity or interchange-
ability evaluations. Retrieved from https://www.fda.gov/
Drugs/DevelopmentApprovalProcess/HowDrugsare-
DevelopedandApproved/ApprovalApplications/Thera-
peuticBiologicApplications/Biosimilars/ucm411418.htm

Zelenetz, A. D., Ahmed, I., Braud, E. L., Cross, J. D., Daven-
port-Ennis, N., Dickinson, B. D.,…Hoffman, J. M. (2011). 
NCCN Biosimilars White Paper: Regulatory, scientific, 
and patient safety perspectives. Journal of the National 
Comprehensive Cancer Network, 9(4 suppl), S1–S22. 
https://doi.org/10.6004/jnccn.2011.0136


