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Abstract Colorectal cancer (CRC) is a leading cause of
tumor-related morbidity and mortality worldwide, with mor-
tality most often attributable to metastatic disease.
Bevacizumab, a humanized monoclonal antibody targeting
vascular endothelial growth factor, has a significant role in
the treatment of metastatic CRC (mCRC). However, patient
access to bevacizumab may be limited in some regions or
circumstances, owing to factors related to insurance coverage,
reimbursement, patient out-of-pocket costs, or availability. As
a result, outcomes for patients with mCRC may be worsened.
Additionally, counterfeit bevacizumab has infiltrated legiti-
mate supply chains, exposing patients to risk. Oncologists
may also be affected detrimentally, since resolving access is-
sues can be time-consuming and demoralizing. The imminent
expiry of patents protecting bevacizumab provides other man-
ufacturers with the opportunity to produce highly similar ver-
sions known as biosimilars. High-quality, safe, and effective
biosimilars have the potential to expand access to
bevacizumab. Most of the bevacizumab biosimilars currently
in development are in clinical trials in patients with non-small-
cell lung cancer, and future authorization for mCRC indica-
tions will, therefore, be based on extrapolation. This article
reviews the current role of bevacizumab in the management
of mCRC, the possible barriers associated with diminished
access to bevacizumab, and the potential bevacizumab

biosimilars in development. How biosimilars may impact the
treatment of mCRC is also discussed.

Key Points

Bevacizumab has demonstrated improved overall survival
for patients with metastatic colorectal cancer (mCRC). 
However, access to this treatment may be limited.

Several potential bevacizumab biosimilars are in late-stage
clinical development. These biosimilars have the potential
to enhance patient access to bevacizumab.

Few of the potential bevacizumab biosimilars are being 
studied in patients with mCRC during initial clinical 
development programs. Therefore, oncologists will need
to acquaint themselves with the scientific principles that 
underlie the regulation of biosimilars, including 
extrapolation of indications.

1 Introduction

Colorectal cancer (CRC) is the second most common cancer
in women and the third most common in men [1]. Nearly 1.4
million new cases were identified globally in 2012, as well as
nearly 700,000 deaths [1]. CRC accounts for 8.5% of all
tumor-related mortality, and it is the fourth most common
cause of cancer death [1]. Incidence is correlated with advanc-
ing age and, in developed countries, the median age at diag-
nosis is approximately 70 years [2]. If diagnosed at an early
stage, CRC is associated with a good prognosis [3]. However,
20–25% of patients present with metastases, and
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approximately half of patients with CRC will eventually de-
velop metastatic disease [3, 4]. Unfortunately, the prognosis is
poor for patients presenting with metastatic CRC (mCRC); in
the United States (US), for example, the current 5-year surviv-
al rate is 13.5% [3]. As a result, metastatic disease accounts for
the high mortality rates associated with CRC.

Management of mCRC has evolved significantly in
the past 20 years, however, and survival rates have im-
proved during this time. Indeed, the median overall sur-
vival (OS) of patients with mCRC in clinical trials is
now approximately 30 months, double that of two de-
cades ago [5]. Although several factors have contributed
to improved clinical outcomes, a key development has
been the introduction of novel biologic therapies
targeting either epidermal growth factor signaling or an-
giogenesis [6]. Bevacizumab, a monoclonal antibody di-
rected against vascular endothelial growth factor
(VEGF), is among these therapies. By inhibiting the
action of VEGF, bevacizumab is thought to cause re-
gression of existing tumor vasculature and prevent the
development of new blood vessels, thereby inhibiting
tumor growth [7]. Bevacizumab is licensed for the treat-
ment of an array of tumors, including mCRC, non-squa-
mous non-small-cell lung cancer (NSCLC), metastatic
renal cell carcinoma, glioblastoma, cervical cancer, and
recurrent epithelial ovarian, fallopian tube, or primary
peritoneal cancer [7, 8].

Although targeted antineoplastic biologics such as
bevacizumab are associated with significant clinical benefits,
access to these treatments can be limited [9–12]. Biosimilars,
which are highly similar versions of licensed biologics, have
the potential to provide efficiencies for healthcare systems and
increase patient access to these agents. This article reviews the
current role of bevacizumab in mCRC, the factors that may limit
access to bevacizumab in this patient population, and how the
availability of high-quality bevacizumab biosimilars may impact
the future clinical management of this challenging condition.

2 Impact and Current Role of Bevacizumab
in mCRC

In both first- and second-line settings, randomized trials have
demonstrated improvements in OS in patients with mCRC
treated with bevacizumab in combination with cytotoxic che-
motherapy [13–15] (Table 1). In the pivotal AVF2107g study,
for example, patients with previously untreated mCRC who
were randomized to receive bevacizumab in combination with
irinotecan, bolus fluorouracil, and leucovorin had a median
survival of 20.3 months, compared with 15.6 months in pa-
tients who received placebo rather than bevacizumab [13].
Benefits in progression-free survival (PFS) and response rate
were also noted. Additionally, in a randomized, placebo-

controlled trial, improvement in PFS, but not OS or response
rate, was observed with bevacizumab in combination with
oxaliplatin-based chemotherapy as first-line treatment [21].
Furthermore, in a placebo-controlled trial, bevacizumab was
associated with improved PFS when combined with fluoro-
uracil and leucovorin in patients with mCRC for whom first-
line irinotecan was deemed unsuitable, owing to factors such
as poor performance status [19]. Findings such as these led
bevacizumab to become part of standard first-line treatment
for mCRC, in combination with various chemotherapy back-
bones [5].

In the bevacizumab-naïve, second-line setting, improve-
ments in OS, PFS, and response rate were seen when
bevacizumabwas combinedwith FOLFOX (folinic acid, fluo-
rouracil, and oxaliplatin), compared with treatment with
FOLFOX alone, in patients with mCRC previously treated
with a fluoropyrimidine and irinotecan [14]. More recently,
randomized trials have helped answer the question of whether
bevacizumab treatment should be continued following disease
progression [15, 26]. In the ML18147 study, patients whose
disease progressed on first-line treatment with bevacizumab
combined with fluoropyrimidine-based chemotherapy were
randomized to receive second-line chemotherapy with or
without bevacizumab [15]. Median OS was significantly lon-
ger in the bevacizumab group than in the group receiving
chemotherapy alone (11.2 vs. 9.8 months, respectively). The
similarly designed BEBYP trial, which examined the effect of
bevacizumab reintroduction or continuation after progression,
was stopped prematurely in light of the results of ML18147
[26]. However, reintroducing or continuing bevacizumab was
associated with a statistically significant benefit in the primary
endpoint of PFS compared with chemotherapy alone (6.8 vs.
5.0 months, respectively).

Severe toxicity with bevacizumab appears to be un-
common, and most adverse events are clinically man-
ageable [13]. Placebo-controlled trials of bevacizumab
have identified higher rates of hypertension, bleeding,
venous and arterial thromboembolic events, proteinuria,
wound healing complications, and gastrointestinal perfo-
ration, among others [27]. Such adverse events might
discourage clinicians from using bevacizumab in older
patients. However, observational studies, pooled and
subgroup analyses from clinical trials, and a recent ran-
domized trial [16] suggest that the safety and efficacy
profile of bevacizumab in elderly patients with mCRC
does not differ significantly from that in younger pa-
tients [28]. Thus, age alone should not be a deciding
factor in the use of bevacizumab, notwithstanding the
need to carefully consider clinically relevant comorbidi-
ties and risk factors [28].

Recent research has focused on further defining the role of
bevacizumab in terms of optimal sequencing or combination
with cytotoxic and other targeted agents. Other contemporary
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studies have explored the somewhat controversial area of
maintenance treatment following first-line induction therapy,
with data suggesting that bevacizumab may have a role in this
setting [29]. Another current focus is identification of predic-
tive biomarkers for sensitivity and resistance to bevacizumab
[6, 27], information that would be particularly helpful in the
current era of personalized medicine for patients with CRC.

In short, bevacizumab has an important and evolving role
in improving outcomes for patients with mCRC. At a popula-
tion level, evidence in support of its impact comes from an
analysis of Canadian patients diagnosed with mCRC in 2003/
2004 (the Bpre-bevacizumab era^) or 2006 (the Bbevacizumab
era^) [30]. Median OS was 3.5 months longer in the later
cohort, which investigators attributed to an increased propor-
tion of patients receiving systemic therapy and the addition of

bevacizumab to chemotherapy. Importantly, no difference in
survival was seen when considering patients who did not re-
ceive systemic therapy, suggesting that changes in supportive
care are unlikely to have contributed to the overall findings.
The principal difference between the cohorts in terms of sys-
temic therapy was the use of bevacizumab, which had in-
creased from 5.9% to 30.6%. Data from the South
Australian mCRC registry revealed a similar improvement in
OS after bevacizumab was listed on the government-
subsidized medication scheme in 2009, enabling wider utili-
zation [31]. Although these observational, population-based
analyses have methodological limitations, the findings are
consistent with the recognition that bevacizumab has contrib-
uted to the meaningful improvements in survival observed in
patients with mCRC in recent years.

Table 1 Selected randomized controlled studies of bevacizumab in combination with chemotherapy in the treatment of metastatic colorectal cancer

Study Treatment line N
randomized

Arms Primary
endpoint (s)

HR for primary endpoint
(95% CI; P-value)

Bennouna
et al. [15]

Second (BEV continued
after first progression)

820 Oxaliplatin/irinotecan-based chemotherapy + BEV
(5 mg/kg Q2Wor 7.5 mg/kg Q3W)

Oxaliplatin/irinotecan-based chemotherapy

OS 0.81 (0.69–0.94;
P = 0.0062)

Cunningham
et al. [16]

First 280 Capecitabine + BEV (7.5 mg/kg Q3W)
Capecitabine

PFS 0.53 (0.41–0.69;
P < 0.0001)

Giantonio
et al. [14]

Second 829 FOLFOX4 + BEV (10 mg/kg Q2W)
FOLFOX4
BEV (10 mg/kg Q2W)

OS 0.75a (P = 0.0011)

Guan et al.
[17]

First 214 IFL + BEV (5 mg/kg Q2W)
IFL

PFS,
6-month
PFS

0.44 (0.31–0.63;
P < 0.001) (PFS)

Hurwitz et al.
[13]

First 813 IFL + BEV (5 mg/kg Q2W)
IFL + placebo

OS 0.66 (P < 0.001)

Kabbinavar
et al. [19]

First 209 FU+ LV +BEV (5 mg/kg Q2W)
FU+ LV + placebo

OS 0.79 (0.56–1.10;
P = 0.16)

Kabbinavar
et al. [18]

First 104 FU+ LV +BEV (5 mg/kg Q2W)
FU+ LV +BEV (10 mg/kg Q2W)
FU+ LV

TTP,
response
rate

0.54b (P = 0.013) (TTP)

Passardi et al.
[20]

First 376 FOLFIRI/FOLFOX4 + BEV (5 mg/kg Q2W)
FOLFIRI/FOLFOX4

PFS 0.86 (0.70–1.07;
P = 0.182)

Saltz et al.
[21]

First 1401 XELOX/FOLFOX4 + BEV (7.5 mg/kg Q3Wor
5 mg/kg Q2W)

XELOX/FOLFOX4 + placebo

PFS 0.83 (P = 0.0023)

Stathopoulos
et al. [22]

First 222 IFL + BEV (7.5 mg/kg Q3W)
IFL + BEV

OS NR (P = ns)

Tebbutt et al.
[23]

First 471 Capecitabine +mytomycin + BEV (7.5 mg/kg
Q3W)

Capecitabine + BEV (7.5 mg/kg Q3W)
Capecitabine

PFS 0.63c (0.50–0.79;
P < 0.001)

0.59d (0.47–0.75;
P < 0.001)

Studies included are those identified in the systematic literature reviews by Botrel et al. [24] and Qu et al. [25]

BEV bevacizumab, CI confidence interval, FOLFIRI folinic acid, fluorouracil, irinotecan, FOLFOX folinic acid, fluorouracil, oxaliplatin, FU fluoro-
uracil, HR hazard ratio, IFL irinotecan, fluorouracil, leucovorin, LV leucovorin, NR not reported; ns, not significant, OS overall survival, PFS
progression-free survival, Q2W every 2 weeks, Q3W every 3 weeks, TTP time to progression, XELOX capecitabine, oxaliplatin
a For FOLFOX4 + BEV vs FOLFOX4
b For pooled BEVarms vs FU + LV
c For capecitabine + BEV vs capecitabine
d For capecitabine + mytomycin + BEV vs capecitabine
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3 Limited Access to Bevacizumab: Barriers
and Consequences

Despite the benefits of bevacizumab in mCRC, access to treat-
ment can be problematic. For example, when Canadian oncolo-
gists treating mCRC were surveyed in 2007, at which time
bevacizumab was publicly funded in two provinces, fewer than
20% of respondents reported being able to use the drug regularly
in first-line treatment, despite considering it a component of the
Bideal^ regimen [32]. A 2011 survey of US hospitals that dis-
pensed outpatient chemotherapy found treatment with
bevacizumab was restricted in approximately 70% of institutions
[33]. More recently, a 2014–2015 study by the European Society
for Medical Oncology found that, although bevacizumab was
widely available on formularies for the treatment of CRC at no
out-of-pocket cost to patients in Western Europe, the drug was
accessible only at full cost in a number of countries in Eastern
Europe [9]. Finally, although a majority of the oncologists sur-
veyed in a study published in 2017 reported Balways^ or
Bfrequently^ prescribing bevacizumab for first-line treatment of
mCRC, access-related issues were cited as a concern among
those physicians not prescribing the drug frequently, particularly
in emerging markets (Brazil, Mexico, and Turkey) [12].

The specific barriers to accessing bevacizumab appear to
vary according to the country, healthcare system, and clinical
scenario concerned [12]. First, access may be limited due to
affordability in areas where out-of-pocket expense to patients
is relevant. For example, despite acknowledging that cancer
patients should have access to effective treatment regardless of
cost, oncologists in the US have reported that their treatment
recommendations are influenced by patient out-of-pocket ex-
penses [34]. Indeed, of a small sample of US oncologists who
reported difficulty accessing bevacizumab for the treatment of
mCRC, 40% highlighted high out-of-pocket expense to pa-
tients as an underlying barrier [12].

In regions where healthcare is insurance-based, access to
bevacizumab may be limited by plan coverage. In a recent
analysis of cancer drug coverage by the American Cancer
Society Cancer Action Network, for example, bevacizumab
was covered in only 35% of plan formularies [35]. Among the
formularies on which bevacizumab was included, coverage
was in the highest cost-sharing tier in 52% of cases [35]. In
countries where health services are publicly funded, such as
the United Kingdom, access may be problematic if the drug is
not reimbursed. A Cancer Drug Fund was created in England
to enhance the accessibility of treatments not available for
routine use within the National Health Service [36]; however,
funding for bevacizumab in the treatment of mCRC was
discontinued in 2015 [37]. Issues with reimbursement by pri-
vate insurance or the healthcare system may also impact treat-
ment strategies. In the aforementioned physician survey pub-
lished in 2017, reimbursement difficulties were cited as the
predominant reason for reducing the number of planned

bevacizumab treatment cycles for patients with mCRC among
oncologists from the US, Europe, and emerging markets [12].

Treatment protocols or guidelines not recommending
bevacizumab represent an access barrier in some areas [12].
In guidance from the National Institute for Health and Care
Excellence in England and Wales, for example, bevacizumab
in combination with oxaliplatin and either fluorouracil plus
folinic acid or capecitabine is not recommended for the treat-
ment of mCRC, because it is not considered cost-effective [38,
39]. In another example, investigators in the US have reported
hospital-level management or restriction of oncology drugs,
including bevacizumab, via mechanisms such as product for-
mularies, treatment-decision teams, and tumor-specific pre-
scribing protocols [33].

Another factor contributing to limited access to
bevacizumab is supply availability. In recent years, oncology
drugs have been subject to supply problems, caused by
manufacturing delays, limited availability of ingredients, and
compliance issues [40]. Recent data suggest that bevacizumab
is not always available to patients with mCRC who hold a
valid prescription in Finland, Greece, Sweden, and the
United Kingdom, as well as various Eastern European coun-
tries [9]. In another study, bevacizumab not being available in
practice was reported by a small base of oncologists in the US,
Europe, and emerging markets; across tumor types, this was a
particular issue for clinicians in emerging markets as com-
pared with physicians in other regions [12]. Other authors
have predicted that treatment delays and increased costs could
result from recent changes to the distribution of bevacizumab,
rituximab, and trastuzumab, whereby the supply chain has
been limited to six specialty drug distributors rather than drug
wholesalers [41].

Finally, certain patient characteristics may be associated
with reduced usage of bevacizumab in the context of
mCRC. Insurance claims data concerning older patients based
in the US reveal that, after controlling for sociodemographic
and clinical factors, the likelihood of receiving a biologic is
negatively affected by factors such as advancing age, comor-
bidities, and lower income [42]. Disparities in access are also
evident among racial groups [42].

In terms of impact, limited access to bevacizumab prevents
patients with mCRC from receiving optimal care, potentially
leading to worse clinical outcomes [12]. Oncologists may also
be negatively affected; significant time spent resolving access
issues can reduce morale and limit their ability to see new
patients [32]. A particularly concerning consequence of the
need for cost containment is that it has created the opportunity
for counterfeit bevacizumab to infiltrate legitimate supply
chains, exposing patients to risk as well as denying them the
potential benefits of treatment [43, 44]. Online pharmacies, to
which patients may turn in the hope of obtaining affordable
treatment, have also been linked with the supply of counterfeit
bevacizumab [43].
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4 Biosimilars: Concept and Regulation

In recent years, the expiry of patents protecting a number of
biologics has provided the opportunity for other manufac-
turers to develop biosimilar versions of these therapies. A
biosimilar is a biologic that is deemed to be highly similar to
a licensed originator product, with no clinically meaningful
differences in safety, purity, or potency, following a rigorous
comparison exercise [45]. Because biologics are typically
large, complex molecules, their structure is highly dependent
on the manufacturing process, and even small changes can
have significant implications for safety and efficacy.
Manufacturers of biosimilars are required to develop their
own production processes, meaning that biosimilars, although
highly similar to the corresponding originator products, can-
not be considered truly Bidentical.^ This explains why
biosimilars are not generic drugs and is the key reason why
biosimilars are approved via a separate, abbreviated regulatory
pathway.

In oncology, biosimilars of filgrastim and epoetin have
been available in some countries for several years. In
Europe, for example, filgrastim biosimilars were first autho-
rized in 2008, and recent data suggest they account for 85% of
filgrastim use and that biosimilar competition has led to price
reductions and increased patient access [46]. Across 22
European countries, compared with the year prior to the intro-
duction of biosimilar filgrastim, the average price per
treatment-day was 32% lower in 2015, and the volume of
filgrastim use had nearly doubled. Importantly, no unexpected
safety issues have been reported in association with the use of
filgrastim biosimilars [47, 48]. Filgrastim and epoetin are rel-
atively small proteins, and developing biosimilars of larger,
more-complex therapies, such as monoclonal antibodies, is
significantly more challenging for manufacturers. However,
recent years have seen the regulatory approval of biosimilars
referencing the anti-tumor necrosis factor alpha inhibitors
adalimumab, etanercept, and infliximab for the treatment of
certain immune-mediated inflammatory conditions.
Moreover, in early 2017, the European Medicines Agency
authorized biosimilar rituximab CT-P10, the first monoclonal
antibody biosimilar to be approved in Europe for the treatment
of cancer [49].

The regulatory requirements for demonstrating
biosimilarity to an originator product are generally similar in
areas such as Canada, Europe, and the US [45, 50, 51]. In each
case, the aim is to demonstrate a high degree of similarity to
the originator through a stepwise comparison process, rather
than to establish de novo safety and efficacy, which have
already been demonstrated for the originator product. The
process is founded on a robust characterization of physico-
chemical attributes and biological function, which is typically
followed by a nonclinical toxicity assessment and final, con-
firmatory, clinical comparisons. The scope of the clinical data

needed will depend on the extent of residual uncertainty
about biosimilarity from previous steps, but an assess-
ment of pharmacokinetics (PK), pharmacodynamics (if
relevant), and immunogenicity will be required, and at
least one comparative clinical study is usually conduct-
ed to establish biosimilarity in safety and efficacy [45,
50–52].

Many originator biologics have multiple indications.
As a result, most biosimilar regulatory frameworks per-
mit the concept of extrapolating clinical data from the
originator to the biosimilar in those indications held by
the originator that are not assessed during the initial
comparison exercise [53]. In this way, extrapolation is a
core aspect of the biosimilar concept and enables
avoiding duplicative clinical trials. As described below,
key considerations include the mechanism of action of
the active substance in each indication, the target recep-
tors involved, and any differences in the safety or immu-
nogenicity profiles of the product between indications
[53]. Although some societies have expressed concerns
about extrapolation, others argue that it is a Blogical con-
sequence of the biosimilar concept^ that has been
employed successfully to date [53].

5 Potential Biosimilars to Bevacizumab:
Considerations and Challenges

Patents protecting bevacizumab in the US and Europe are
expected to expire in the next several years [54]. Potential
biosimilars to bevacizumab are in development, and at the
time of writing, licensing applications for one of the proposed
bevacizumab biosimilars (ABP 215) have been submitted to
the US Food and Drug Administration and the European
Medicines Agency [55, 56]. As outlined above, successful
authorization of a bevacizumab biosimilar will be dependent
on demonstrating a high degree of similarity to originator
bevacizumab in a stepwise comparison exercise
encompassing analytical, nonclinical, and clinical studies.

The proposed mechanism of action for bevacizumab is
binding to soluble VEGF via the Fab region of the antibody,
thereby preventing the interaction of VEGF with endothelial
cell-surface receptors VEGFR-1 and -2 by steric blocking and
interrupting downstream signaling [57, 58]. In terms of Fc-
related function, although originator bevacizumab is able to
bind human Fcγ receptors and complement protein C1q, it has
been shown to lack antibody-dependent cell-mediated cyto-
toxicity (ADCC) and complement-dependent cytotoxicity
(CDC) activities [57].

When characterizing the mechanism of action of a potential
bevacizumab biosimilar, data from the foundational compar-
ative analytical assessments are crucial. Results from such
studies are available for the potential bevacizumab biosimilars

Targ Oncol (2017) 12:599–610 603



ABP 215 and PF-06439535 (e.g. [59, 60]). Considering the
structural characterization of PF-06439535 as an exam-
ple, the potential biosimilar was shown to have an iden-
tical amino acid sequence and similar post-translational
modifications and biochemical properties to originator
bevacizumab, using a range of state-of-the-art tech-
niques [60]. In the functional assessment of ABP 215,
the potential biosimilar was found to be similar to orig-
inator bevacizumab with respect to VEGF binding and
the inhibition of cell proliferation and VEGFR2 auto-
phosphorylation in human umbilical vein epithelial cells
[59]. Similarity in terms of the Fc region was also dem-
onstrated in terms of in vitro binding to FcRn and
FcRγIIIa. Moreover, a lack of ADCC and CDC func-
tionality was confirmed during the comparison [59]. As
part of the totality of evidence, a demonstration of sim-
ilarity between a potential bevacizumab biosimilar and
originator bevacizumab in terms of sensitive structural
analyses and functional assays will be essential in pro-
viding confidence that the biosimilar will behave simi-
larly to the originator, particularly in indications ap-
proved by extrapolation.

Following analytical and nonclinical comparative
studies, a number of potential bevacizumab biosimilars
have progressed to comparative clinical studies with
originator bevacizumab (Table 2) [61–67]. As described
earlier, regulators require sponsors to conduct a compar-
ative assessment of clinical PK and, where relevant,
pharmacodynamics [45, 50–52]. Such studies should be
conducted in the population that is most informative for
evaluating potential differences between a biosimilar and
the originator product [68]. Studies in healthy volunteers
are preferred by some regulatory authorities, given that
PK is likely to be less subject to variability in this
population than in patients, who may have comorbidi-
ties or be receiving concomitant medications [52, 68].
Although crossover studies are favored, the regulatory
authorities recognize that parallel-group studies may be
necessary given the long half-life and potential for im-
munogenicity with monoclonal antibody therapies [52,
68]. It is not a regulatory requirement to test a potential
biosimilar at all dosages, and the most sensitive dose
should be selected for detecting potential PK differences
between the biosimilar and originator product [52]; in
general, this may be the lowest therapeutic dose [69].
Accordingly, in most of the development programs for
potential bevacizumab biosimilars, comparative PK trials
were conducted in healthy volunteers and employed a
parallel-group, single-dose design using a low dose of
bevacizumab (Table 2).

As there are no validated pharmacodynamic markers
to assess the efficacy of bevacizumab, biosimilar manu-
facturers have been required to carry out confirmatory

clinical efficacy studies. Such studies of potential
biosimilars usually employ an equivalence design, where the
aim is to confirm that the biosimilar is neither inferior nor
superior to the originator product [70]. Given that the guiding
principle is to establish biosimilarity between the biosimilar
and originator product, regulatory authorities prefer the use of
a patient population and clinical endpoint that will most sen-
sitively detect any product-related differences and minimize
the influence of disease- or patient-related factors [45, 52].
Selection of the appropriate study population and endpoint
usually follows interactions with regulatory authorities and
takes into account historical trials involving the originator,
clinical input, and practical issues [70]. With such consider-
ations in mind, most manufacturers of potential bevacizumab
biosimilars have designed their comparative clinical efficacy
and safety studies in patients with previously untreated ad-
vanced NSCLC, using objective/overall response rate (ORR)
as the primary endpoint. In these studies, patients with
NSCLCwill be treated with bevacizumab in combination with
paclitaxel and carboplatin, a regimen with a well-
characterized safety and efficacy profile. In all instances, the
dose of bevacizumab or biosimilar used is 15 mg/kg every
3 weeks, which is the recommended dose of originator
bevacizumab in this setting [8]. Survival-based endpoints,
while preferred for assessing novel biologics, may be influ-
enced by factors other than treatment-related differences and
hence are less suitable for establishing biosimilarity [52];
however, several comparative clinical trials will report surviv-
al outcomes as secondary endpoints.

Results are available from comparative clinical trials
assessing the efficacy and safety of potential biosimilars
ABP 215 and BCD-021 [62, 65]. Taking the trial for ABP
215 as an example, 642 patients with non-squamous
NSCLC initiating first-line chemotherapy with paclitaxel
and carboplatin were randomized to receive either the poten-
tial biosimilar or originator bevacizumab at a dose of 15 mg/
kg every 3 weeks for 6 cycles [62]. ORR in the intention-to-
treat population was 39.0% in the ABP 215 group and 41.7%
in the originator bevacizumab group. The risk ratio for ORR
was 0.93, with a 90% confidence interval of 0.80–1.09, which
fell within the pre-specified margin for similarity (0.67–1.5).
Similar safety and immunogenicity were also observed be-
tween the study arms [62]. Moreover, secondary efficacy re-
sults from this trial indicated similar PFS between the two
treatments [63].

In short, there are clear similarities between the clinical
development programs for most of the potential bevacizumab
biosimilars in terms of study populations, dose selection, end-
points, and sample sizes, which is likely the result of consul-
tation between prospective applicants and regulatory agen-
cies. As further data become available, it will be interesting
to observe whether any differentiating factors become appar-
ent among the various biosimilars.
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Table 2 Clinical studies of potential biosimilars to bevacizumab

Biosimilar Manufacturer Design Population (N) Dose of
bevacizumab

Primary
endpoints (time
frame)

Current status Reference and/or
NCT number*

ABP 215 Amgen Randomized, 3-arm,
single-dose study to
assess PK of ABP 215,
BEV-EU, and BEV-US

Healthy adult males
(NR)

NR AUC0–inf; Cmax

(NR)
Completed. Similar

PK profiles
Markus et al. [61]

Randomized, double-blind
study to compare safety
and efficacy of ABP 215
and BEV

Advanced
non-squamous
NSCLC (642)

15 mg/kg
Q3W

ORR
(19 weeks)

Completed. Similar
efficacy, safety,
and
immunogenicity
profiles

Thatcher et al. [62,
63]
NCT01966003

BCD-021 Biocad PK sub-study of
randomized,
double-blind study

Advanced
non-squamous
NSCLC (28)

15 mg/kg AUCtau (504 h) Completed. Similar
PK and safety
profiles

Orlov et al. [64]
NCT01763645

Randomized, double-blind
study to compare safety
and efficacy of
BCD-021 and BEV

Advanced
non-squamous
NSCLC (138)

15 mg/kg
Q3W

ORR (127 days) Completed. Similar
efficacy, safety,
and
immunogenicity
profiles

Filon et al. [65]
NCT01763645

BEVZ92 mAbxience Randomized, open-label
study to compare PK and
safety of BEVZ92 and
BEV

mCRC (142) 5 mg/kg
Q2W

PK profile
(15 weeks)

Ongoing (primary
completion datea

Oct 2015)

NCT02069704

BI 695502 Boehringer
Ingelheim

Randomized, single-blind,
single-dose, 3-arm study
to compare PK and safety
of BI 695502, BEV-EU,
and BEV-US

Healthy male
volunteers (91)

1 mg/kg AUC0–inf

(99 days)
Completed. Similar

PK and safety
profiles

Hettema et al. [66]
NCT01608087

Randomized, double-blind
study to compare effica-
cy and safety of BI
695502 and BEV

Advanced
non-squamous
NSCLC (est.
660)

NR ORR
(18 weeks)

Recruiting (est.
primary
completion datea

Aug 2017)

NCT02272413

Single-arm, open-label
study to evaluate safety
and efficacy

mCRC (est. 120) NR Selected AEs
(16.5 months)

Recruiting (est.
primary
completion datea

Nov 2018)

NCT02776683

CBT124 Cipla BioTec Randomized, double-blind,
single-dose, 3-arm study
to compare PK and safe-
ty of CBT124, BEV-EU,
and BEV-US

Healthy male
volunteers (est.
150)

1 mg/kg AUC0–inf

(95 days)
Recruiting (est.

primary
completion datea

Oct 2016)

NCT02747823

Randomized, double-blind
study to compare
efficacy, safety, and
immunogenicity of
CBT124 and BEV-EU

Advanced
non-squamous
NSCLC (est.
200)

15 mg/kg
Q3W

ORR
(19 weeks)

Planned (est.
primary
completion datea

Dec 2017)

NCT02879097

FKB238 Centus
Biotherapeu-
tics

Randomized, double-blind
study to compare safety
and efficacy of FKB238
and BEV

Advanced/recurrent
non-squamous
NSCLC (est.
730)

15 mg/kg
Q3W

ORR
(12 months)

Recruiting (est.
completion datea

Jun 2019)

NCT02810457

PF-06439535 Pfizer Randomized, double-blind,
single-dose, 3-arm study
to compare PK of
PF-06439535, BEV-EU,
and BEV-US

Healthy male
volunteers (102)

5 mg/kg Cmax; AUCtau;
AUC0–inf

(71 days)

Completed.
Similar PK and

safety profiles

Knight et al. [67]
NCT02031991

Randomized, double-blind
study to compare safety
and efficacy of
PF-06439535 and
BEV-EU

Advanced
non-squamous
NSCLC (est.
710)

15 mg/kg
Q3W

ORR
(19 weeks)

Recruiting (est.
primary
completion datea

May 2017)

NCT02364999

SB8 Samsung
Bioepis

Randomized, double-blind,
single-dose, 3-arm study
to compare PK, safety,
and immunogenicity of

Healthy male
volunteers (119)

3 mg/kg Cmax; AUCtau;
AUC0–inf

(85 days)

Completed NCT02453672
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5.1 Extrapolation

Where the totality of evidence from the comparison exer-
cise for a potential biosimilar demonstrates a high degree
of similarity to the originator, approval of the biosimilar
for indications not studied during the clinical step may be
possible. Extrapolation can be relatively straightforward
for a biologic with a well-characterized mechanism of
action that is the same across indications [53]. However,
it may be more challenging in cases where the mechanism
of action of the active substance is complex or not well
understood and involves multiple receptors or binding
sites, which may differ in their significance between dif-
ferent disease states [53, 69]. Indeed, when biosimilar
infliximab CT-P13 was authorized for use in extrapolated
indications, the extent to which the Fc domain of the
antibody contributes to the mechanism of action in differ-
ent disease states was a point of debate within the scien-
tific community [71].

Two potential bevacizumab biosimilars (BEVZ92 and BI
695502) are being studied in patients with mCRC (Table 2).
The study for BI 695502 (NCT02776683) is an open-label,
single-arm study that will evaluate the potential biosimilar in
combination with FOLFOX as first-line therapy. The primary
endpoint is safety, and the dose used in the study is not cur-
rently known; the study results will presumably be used to
complement data from a larger comparative clinical trial of
BI 695502 and originator bevacizumab in NSCLC. The study
for BEVZ92 (NCT02069704) is an open-label, randomized
comparison of the biosimilar and the originator, both in com-
bination with either FOLFOX or FOLFIRI (folinic acid, fluo-
rouracil, irinotecan), in the first-line setting. The dose of
bevacizumab or BEVZ92 used in the study is 5 mg/kg every
2 weeks (in the US, the recommended doses of originator

bevacizumab when used in combination with intravenous
fluorouracil-based chemotherapy are 5 or 10 mg/kg every
2 weeks [8]). The primary endpoint is PK, and it is not known
if this potential biosimilar is being studied in other clinical
trials.

As a result, in most instances, authorization of
bevacizumab biosimilars for mCRC will require extrapola-
tion. Importantly, as no bevacizumab biosimilars have yet
been assessed by a regulator in a region with a stringent
biosimilar approval pathway, the scientific evidence that spon-
sors may use to support extrapolation is not yet known.
Relevant factors that may need to be addressed include: the
mechanism of action of bevacizumab in different disease states;
PK and tissue distribution in different indications; and any dif-
ferences in the immunogenicity or toxicity profile between dis-
ease states [45]. Importantly, differences between disease states
in the above parameters do not necessarily preclude extrapola-
tion if there are convincing supportive scientific rationales [45].
Where there is residual uncertainty about whether the biosimilar
will behave similarly to the originator product in extrapolated
indications, additional studies may be performed, but they need
not be clinical in nature. Indeed, from a scientific perspective, it
is reasoned that the comparative analytical analyses that under-
lie a determination of biosimilarity (e.g. functional assays) are
able to detect product-related differences between a biosimilar
and originator more sensitively than comparative clinical trials
[53, 72].

Should a potential bevacizumab biosimilar demonstrate a
high degree of similarity to originator bevacizumab across all
stages of the comparison exercise, including in a clinical study
or studies in an indication sensitive to detect potential differ-
ences, observations from the literature concerning originator
bevacizumab that may be relevant to decisions regarding ex-
trapolation include:

Table 2 (continued)

Biosimilar Manufacturer Design Population (N) Dose of
bevacizumab

Primary
endpoints (time
frame)

Current status Reference and/or
NCT number*

SB8, BEV-EU, and
BEV-US

Randomized, double-blind
study to compare safety,
efficacy, PK, and
immunogenicity of SB8
and BEV-EU

Advanced
non-squamous
NSCLC (est.
678)

15 mg/kg
Q3W

ORR
(24 weeks)

Recruiting (est.
primary
completion datea

Jun 2018)

NCT02754882

Table last updated in May 2017

AEs adverse events, AUC0–inf area under the curve from time zero to extrapolated infinite time, AUCtau area under the curve from time zero to last
quantifiable concentration, BEV bevacizumab,BEV-EU bevacizumab sourced from the European Union, BEV-US bevacizumab sourced from the United
States, Cmax maximum serum concentration; est., estimated, mCRC metastatic colorectal cancer, NCT National Clinical Trial, NR not reported, NSCLC
non–small-cell lung cancer, ORR objective/overall response rate, PK pharmacokinetics, Q2W every 2 weeks, Q3W every 3 weeks

*Biosimilars included are those with trials registered at ClinicalTrials.gov; other potential biosimilars may also be in development
a Primary completion date refers to date of final data collection for primary outcome measure
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& A population PK model for bevacizumab that included an
assessment of indication as a covariate did not identify a
significant effect of tumor type on PK, whereas estimates
of clearance and central volume of distribution were found
to be affected by body weight and gender, for example
[73].

& Immunogenicity to originator bevacizumab is low; the US
label states that 0.63% of patients (14/2233) treated for
adjuvant colon carcinoma (not a licensed indication) ex-
hibited treatment-emergent antidrug antibodies [8].

As should be clear from the discussion above, the regula-
tory decision regarding whether indications are authorized by
extrapolation is not dependent solely on clinical data for a
potential biosimilar [74]. Extrapolation is considered within
the context of the totality of the evidence from all stages of the
comparison exercise.

Based on the access barriers discussed above, it is not
surprising that, in a recent study, the majority of sur-
veyed oncologists were reported as likely to prescribe a
bevacizumab biosimilar for patients with mCRC, if one
was available [12]. Indeed, mCRC was ranked by re-
spondents as the tumor type in which a bevacizumab
biosimilar could have the greatest impact on patient out-
comes. Cost and efficacy were reported as the main fac-
tors that would drive prescribing across tumor types.
Based on the views of those oncologists who reported
being unlikely to prescribe a bevacizumab biosimilar,
acceptance may be enhanced by the availability of effi-
cacy and safety data in specific tumor types [12]. Thus,
although indication extrapolation avoids the need for un-
necessary clinical trials in all patient populations, it may
be a challenging concept for some clinicians.

6 Conclusions and Outlook

In summary, several candidate biosimilars to bevacizumab are
in advanced stages of development, with further regulatory
submissions expected following the completion of compara-
tive clinical trials in the next several years. Based on experi-
ence with biosimilars to date, the introduction of bevacizumab
biosimilars will be accompanied by the expectation of cost
savings and expanded access for patients [12]. Given the sig-
nificant benefits associated with the use of bevacizumab in
mCRC, wider use is a tantalizing prospect. Along with the po-
tential for increased use overall, treatment patterns may evolve
such that more patients with mCRC can access prolonged treat-
ment with bevacizumab in maintenance regimens or in treatment
beyond progression, for example. Additionally, enhanced access
may enable use of bevacizumab in evidence-based regimens that
are less commonly used, such as first-line bevacizumab plus

capecitabine in elderly patients for whom oxaliplatin- or
irinotecan-based regimens may be unsuitable [16].

Inmost cases, authorization of bevacizumab biosimilars for
mCRC indications will be via extrapolation and, as such, it
will be interesting to observe how accepting oncologists will
be. Based on the validation of the biosimilar concept through
the significant clinical experience accrued with biosimilars to
date, it is hoped that the global medical community will em-
brace these potential new treatment options as we strive to
improve treatment access and clinical outcomes for patients
with mCRC.
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