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ABP 215 (MVASI™) is the first approved biosimilar to Avastin R© (bevacizumab). It is approved in the USA
and the European Union (EU) for all bevacizumab indications in these jurisdictions except for ovarian
cancer in the USA due to orphan drug exclusivity. ABP 215 was shown to be structurally, functionally
and clinically (pharmacokinetic, efficacy and safety) similar to the bevacizumab reference product; the
pharmacokinetic study was conducted in healthy adult men (n = 202); safety and efficacy were evaluated in
patients with advanced nonsquamous non-small-cell lung cancer (n = 642). Together, these results comprise
the totality of evidence that provides scientific justification for extrapolation to all approved indications
of the reference product and supports the clinical value of ABP 215 as an additional treatment option.
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A biosimilar is a biologic that is highly similar to an originator biologic (referred to as the reference product [RP])
notwithstanding minor differences in clinically inactive components, with no clinically meaningful differences in
terms of quality, safety, purity and potency as determined by comparative clinical evaluations [1–7]. Biosimilars
represent an alternative, safe and effective treatment option to the originator RP. This category of biologic drugs
is poised to expand the treatment landscape of several diseases. Numerous biosimilars, including monoclonal
antibodies and growth factors, are approved or in development for the treatment and supportive care of cancer [8].
Even though the regulatory pathway for the approval of biosimilars is abbreviated compared with that for originator
biologics, the development of biosimilars requires robust scientific principles and stringent manufacturing processes.
Biosimilar development involves a stepwise investigational approach focused on building ‘totality of evidence’ (TOE)
that supports the similarity of the proposed biosimilar with its RP [9,10]. Despite small differences in the regulatory
pathways for the development of biosimilars across the globe, these are largely similar in the different regions.

The recombinant humanized immunoglobulin G1 monoclonal antibody ABP 215 (MVASI™) is the first
biosimilar to Avastin R© (bevacizumab). ABP 215 is approved in the USA (14 September 2017; bevacizumab-awwb)
for many of the indications of bevacizumab including the first-line treatment of patients with advanced, recurrent or
metastatic nonsquamous non-small-cell lung cancer (NSCLC) in combination with platinum-based chemotherapy;
first- or second-line treatment of metastatic colorectal cancer in combination with chemotherapy; metastatic renal
cell carcinoma in combination with IFN-α; and persistent, recurrent or metastatic cervical cancer in combination
with chemotherapy [11]. In the USA only, the ABP 215 indication includes the treatment of patients with recurrent
glioblastoma; the indication does not extend to epithelial ovarian, fallopian tube or primary peritoneal cancer owing
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Figure 1. Summary of the molecular mechanisms affected by bevacizumab. HIF-1α hypoxia-inducible factor 1 α.
HPV human papillomavirus, mRCC metastatic renal cell carcinoma, VEGF vascular endothelial growth factor.
†In addition to tumorigenesis resulting in HIF-1α activation and elevated VEGF expression, in mRCC, a mutation in the
von Hippel-Lindau gene results in elevated expression of HIF-1α, and subsequently VEGF. Also, HPV-induced
downregulation of p53 in cervical cancer leads to a direct increase in VEGF.
‡The VEGF effect on tumor growth and metastasis is not thought to be impacted by bevacizumab therapy.
HIF-1α: Hypoxia-inducible factor; HPV: Human papillomavirus; mRCC: Metastatic renal cell carcinoma.

to regulatory exclusivity [11]. ABP 215 is approved in the European Union (EU; 9 November 2017; bevacizumab)
for the core US indications in addition to approval for persistent, recurrent or metastatic epithelial ovarian cancer in
combination with chemotherapy and in combination with erlotinib for patients with NSCLC and EGFR activating
mutations (EU only); and in combination with paclitaxel in metastatic breast cancer (EU only) [12]. It must be
noted that clinical indications differ among the regions due to regulatory exclusivities and other reasons.

Bevacizumab binds to VEGF type A (VEGF-A) and prevents its interaction with VEGF receptors on the
surface of endothelial cells, thereby inhibiting endothelial cell proliferation and new blood vessel formation – or
angiogenesis (Figure 1) [13].

This review presents the stepwise development of ABP 215 that was implemented to generate the TOE supporting
its biosimilarity to bevacizumab and whic led to its regulatory approval in the USA and EU.

Stepwise development of biosimilars & approval pathway
Biosimilars are distinct from generic products. Whereas generics are chemically identical to their RP, biosimilars
cannot be identical due to their production in living systems. Owing to the complex structure of biologics,
including biosimilars, and sensitive manufacturing processes required for their production, all biosimilars will have
minor structural and functional differences compared with the RP. These differences are considered acceptable
provided that they do not affect the critical attributes of the biosimilar, including its quality, efficacy, safety,
immunogenicity, purity and potency. Therefore, the development process of biosimilars focuses on demonstrating
that these minor differences cause no clinically meaningful differences in efficacy, safety and immunogenicity
between the proposed biosimilar and the originator RP. The European Medicines Agency and US FDA guidelines
recommend a stepwise TOE approach that begins with comprehensive analytical (structural and functional)
characterization followed by preclinical and clinical evaluations. This starts with structural characterization that
includes a battery of physicochemical assessments and functional evaluation. Clinical evaluation encompasses
pharmacokinetic (PK) and/or pharmacodynamic (PD) equivalence studies as well as at least one comparative
clinical study in a representative indication. All evaluations, including analytical, preclinical, clinical pharmacology,
efficacy and safety studies, are comparative studies against the RP [1–5,10].

Analytical characterization forms the foundation of biosimilarity demonstration and is designed to evaluate critical
quality attributes of the proposed biosimilar in comparison with the RP. These assessments identify any differences
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that may exist in product quality attributes that could result in residual uncertainty regarding biosimilarity.
Potential sources of differences include alterations or even minor variations in expression systems, cell lines, cell
culture conditions, purification techniques and formulation. Since all of these factors are important in determining
the final product, variation in any one of them may significantly alter the final product.

The next step in the development process involves comparative nonclinical assessments, including evaluation of
pharmacology and toxicology. The physicochemical and nonclinical evaluations are aimed at reducing any residual
uncertainty regarding similarity between the proposed biosimilar and the RP and may not be conducted for all
biosimilar products.

Clinical pharmacology assessment is a key component of the biosimilarity demonstration and involves conducting
PK studies in human subjects, preferably healthy volunteers. PD studies may be included at this stage if a
suitable surrogate end point is available and validated, and there is a need to address residual uncertainty. Healthy
subjects comprise a homogeneous population consisting of immune-competent subjects, which permits a rigorous
comparison of the biosimilar and the RP.

For biosimilars, the development program then moves directly into confirmatory clinical evaluations; Phase III
studies may not be needed in some settings. This is the final step in the development process and, in contrast
to studies of originator products, the objective of biosimilar studies is to show that the proposed biosimilar is
neither more nor less effective than the RP, and that it has a similar safety and immunogenicity profile; and that if
there are differences in effectiveness or safety, these differences are not clinically meaningful. These studies should
be conducted in a population that is sensitive enough to detect any clinically meaningful difference between the
biosimilar and the RP, should these exist [14]. Statistical tests on a sensitive end point, in other words, an end point
that is sensitive enough that responses to an intervention can be readily determined and accurately measured, are
crucial to demonstrating clinical similarity.

Approval of the biosimilar is based on the TOE supporting similarity of the proposed biosimilar to the RP. In
order to gain approval for use in all indications that the RP is approved for, scientific justification that supports
extrapolation to all approved indications of the RP is required. The justification includes a discussion of the
mechanism of action (MOA) across the approved indications and any known differences in PK or other clinical
factors that should be considered for the biosimilar.

Interchangeability is another concept associated with biosimilars. In the USA, the FDA has provided a specific
guidance that defines interchangeability of a demonstrated biosimilar with the RP as meaning that it ‘may be
substituted for the RP without the intervention of the healthcare professional (HCP) who prescribed the RP’ [15].
Such a designation can be awarded only upon demonstration of biosimilarity between the biosimilar and the RP [15].
Interchangeability is associated with the expectation that the biosimilar provides ‘the same clinical result as the RP
in any given patient’ [15]. Another criterion for biologics that are administered more than once is the demonstration
that the ‘risk in terms of safety or diminished efficacy of alternating or switching between the use of the biological
product and the RP is not greater than the risk of using the RP without such alternation or switch’ [15]. There is no
specific guidance on interchangeability in the EU.

Building the scientific bridge
The establishment of scientific bridge is a requirement unique to biosimilar development. This requirement is
mandated by laws that define RP as the specific biological entity approved in the local jurisdiction, in other words,
EU-licensed RP is considered a foreign product in the US and vice versa. Therefore, the proposed biosimilar had to
be tested against and shown to be similar to RP sourced from each of the two regions (USA and EU) in analytical
and PK/PD assessments. Regulatory agencies allow the use of foreign-sourced comparators in the comparative
clinical study, provided the scientific rationale or the ‘scientific bridge’ demonstrating structural and functional
similarity of foreign-sourced RP to the locally sourced RP has been established [1,3]. For ABP 215, the completion
of the scientific bridge was ensured by comparing it with bevacizumab RP acquired from the USA and the EU, as
well as comparing RP acquired from the USA with that acquired from the EU.

Analytical characterization of ABP 215
Analytical characterization forms the foundation of biosimilarity demonstration and is designed to evaluate critical
quality attributes of the proposed biosimilar in comparison with the RP. These assessments identify any differences
that may exist in product quality attributes that could result in residual uncertainty regarding biosimilarity.
Potential sources of differences include alterations or even minor variations in expression systems, cell lines, cell
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culture conditions, purification techniques and formulation. Since all of these factors are important in determining
the final product, variation in any one of them may significantly alter the final product.

In order to detect any potential structural and functional differences between ABP 215 and bevacizumab RP, a
comprehensive evaluation plan was designed to include state-of-the-art primary and orthogonal (i.e., statistically
independent) analytical methods of assessing similarity between ABP 215 and bevacizumab RP [16]. This rigorous
exercise demonstrated that ABP 215 is analytically similar to bevacizumab RP with respect to general properties;
primary, secondary and higher order structure; protein content; product- and process-related impurities; particles
and aggregates; and thermal-forced degradation profiles. Functionally, in vitro studies demonstrated that ABP 215
and bevacizumab RP are similar with respect to VEGF-A binding and neutralization [16].

Structural similarity
The primary structure of ABP 215 and bevacizumab RP was analyzed using intact mass profiles, peptide and glycan
mapping. For both ABP 215 and bevacizumab RP, the intact molecular mass of all predominant species was similar
to the theoretical mass of the predominant forms related to N-linked glycans. Heavy chain (HC) and light chain
(LC) polypeptide compositions were similar between ABP 215 and bevacizumab, as evidenced by similar molecular
masses of reduced and deglycosylated antibodies (Figure 2) [16].

Further, comparisons of peptide maps confirmed identical amino acid sequences between ABP 215 and beva-
cizumab RP (Figure 2) [16]. The reduced and nonreduced peptide map overlays indicated similar peak profiles for
ABP 215 and bevacizumab RP along with similar post-translational modifications including C- and N-terminus
modification, deamidation and oxidation, with detection of no new species. Glycan mapping demonstrated that
ABP 215 and bevacizumab RP had similar glycan profiles, with all major glycan forms present in both antibodies.
Four glycan forms, namely high mannose, afucosylation, galactosylation and sialylation, were evaluated as part of
the similarity assessment based on their potential to affect PK or biological functions, including binding to Fc
receptors. Compared with bevacizumab RP, ABP 215 had slightly higher levels of high mannose, lower afucosy-
lation and higher levels of galactosylation; sialylated glycan forms were similar. However, these minor differences
did not affect any of the biological activities associated with binding or neutralizing VEGF-A. Moreover, these
differences are not clinically meaningful since ABP 215 and bevacizumab RP do not exhibit antibody-dependent
cellular cytotoxicity or complement-dependent cytotoxicity due to the soluble nature of the target. In addition,
the levels of glycation observed in both HC and LC for ABP 215 and bevacizumab were all low and comparable,
and were not expected to impact safety profiles. Taken together, these data establish that the primary structure of
ABP 215 and bevacizumab RP are similar, notwithstanding minor differences that have no impact on biological
properties.

Higher-order structure was also found to be similar [16]. The secondary structures of both ABP 215 and
bevacizumab exhibited similar antiparallel β-sheet structures typically associated with antibodies. The native tertiary
structure was also preserved between ABP 215 and bevacizumab, which provided evidence of proper protein folding.

ABP 215 showed similar particle and aggregate levels compared with bevacizumab, with no detection of submi-
cron particles, which could have potentially impacted immunogenicity and safety [16]. Product-related substances
and impurities of ABP 215 and bevacizumab RP, as determined by evaluation of size and charge variants, were
demonstrated to be similar. In comparison with bevacizumab RP, ABP 215 had marginally lower level of aggregates
and nonglycosylated HC while showing higher levels of basic variants. Characterizations of the charge variants
revealed the presence of identical modifications in both ABP 215 and bevacizumab RP, notwithstanding minor
quantitative differences whose effect on biological activity was nonexpectant. ABP 215 and bevacizumab have
similar degradation rates for the size and charge variants, with emergence of no new species, indicating similar
stability under storage conditions. Thermal stability and degradation studies show similarity in degradation rates
for both ABP 215 and bevacizumab RP, thus indicating the absence of residual impurities introduced during the
manufacturing processes.

Further, similarity was demonstrated between ABP 215 and bevacizumab RP in terms of general properties,
including protein concentration, volume, osmolality, pH, appearance, color and clarity, and met the prespecified
criteria for analytical similarity [16].

Finally, process-related impurities, such as residual host cell proteins (HCP) that might adversely impact safety,
were assessed using various HCP orthogonal methods. These analyses revealed similarity between ABP 215 and
bevacizumab RP in terms of levels of residual HCP, residual protein A and DNA; no new HCP species were
detected [16].
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Figure 2. Structural similarity between ABP 215 and bevacizumab. Characterization of the primary structure of ABP
215, bevacizumab (US) and bevacizumab (EU): (A) Intact molecular mass; (B) Reduced peptide map; and (C) Glycan
map demonstrating that the primary structure of ABP 215 is the same as that of bevacizumab RP.
Reproduced with permission from [16]. https://creativecommons.org/licenses/by/4.0/
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Together, these results demonstrate that ABP 215 is highly analytically similar to bevacizumab RP, with minor
differences that are not expected to alter biological activity or potency.

Functional similarity
Biological properties and functional downstream effects of ABP 215 and bevacizumab RP were compared, including
target binding to VEGF-A, potency with regard to inhibition of endothelial cell proliferation and most Fc-mediated
binding activities [16]. Figure 3 provides a graphical representation of these functional attributes of ABP 215
compared with bevacizumab (USA) and bevacizumab (EU). Given that binding to VEGF-A is critical to the
MOA of bevacizumab, comparative VEGF-A binding assays were performed; results confirmed that both ABP
215 and bevacizumab RP have comparable equilibrium binding affinity for VEGF-A. In addition, ABP 215 and
bevacizumab RP were found to bind similarly to different VEGF-A isoforms, including VEGF-A165 and VEGF-
A121. Potency assessment via inhibition of VEGF-induced proliferation of human umbilical vein endothelial cells
demonstrated that neutralization of VEGF-A was similar between the two antibodies.

Although ABP 215 and bevacizumab do not exhibit effector functions, the Fc-mediated binding activities were
evaluated to characterize their higher-order structures [16]. Relative binding to multiple Fcγ receptors (FcγRIa,
FcγRIIa, FcγRIIb, FcγRIIIa [158V], FcγRIIIa [158F] and FcγRIIIb) and the first subcomponent of the C1
complex of the classical pathway of complement activation (C1q) showed similarity in relative Fc receptors and
C1q binding profiles between ABP 215 and bevacizumab RP with the exception of a minor difference in binding
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Figure 4. Functional similarity in tumor xenograft models: tumor volume and vessel area. ABP 215 and
bevacizumab RP had similarly inhibited tumor growth and tumor vascularization in both A431 (A) and Colo205 (B)
tumor xenograft models.
RP: Reference product; Tx: Treatment.
*p < 0.0452; **p < 0.0001.

to FcγRIIIa (158V), which was not deemed to be clinically meaningful due to the lack of effector function. ABP
215 also showed similar neonatal Fc receptor (FcRn) binding compared with bevacizumab RP, supporting that
binding to a key mediator of antibody half-life in vivo was also similar. Overall, these data support the conclusion
that ABP 215 is functionally similar to bevacizumab RP.

Preclinical assessment
VEGF-A induces downstream signaling, which promotes the proliferation of vascular endothelial cells [17], increases
vascular permeability [18] and induces expression of molecules regulating leukocyte adhesion [19]. In the cancer
setting, these VEGF-A-induced processes lead to the formation and stabilization of vasculature necessary to supply
growing tumors. Bevacizumab inhibition of VEGF-A signaling inhibits angiogenesis and vascular remodeling,
leading to stasis or necrosis of the tumor. In vivo assessments of functional similarity were conducted comparing the
antitumor activity of ABP 215 and bevacizumab RP in A431 and Colo205 tumor xenograft models. The results
showed similar inhibition of tumor growth and tumor-associated vasculature in both A431 and Colo205 tumor
xenograft models (Figure 4) [20].

Clinical pharmacology
A randomized, single-blind, single-dose, 3-arm, parallel-group PK study in healthy male subjects was conducted to
assess PK similarity between ABP 215 and bevacizumab RP [21,22]. Two hundred and two subjects were randomized
1:1:1 to receive a single 3 mg/kg IV infusion of ABP 215 (n = 68) or bevacizumab RP (FDA-licensed: n = 67;
EU-authorized: n = 67).
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The primary PK end point parameters were serum concentration versus time, AUC from time 0 extrapolated to
infinity (AUCinf) and the maximum observed concentration (Cmax); secondary PK end point parameters included
incident of treatment emergent adverse events (AEs), vital signs, laboratory safety tests, electrocardiograms, incidence
of antidrug antibodies (ADAs) as well as AUC from time 0 to the last quantifiable concentration (AUClast). PK
equivalence was confirmed if the 90% CIs for the ratio of the primary PK parameters of ABP 215 versus bevacizumab
RP fell within the standard bioequivalence criteria of 0.80 and 1.25.

Serum concentration versus time (Figure 5), AUCinf, and Cmax as well as the secondary PK parameter of
AUClast were similar across groups [21,22]. The 90% CIs of the ratios of the means were fully contained within the
prespecified bioequivalence criteria of 0.80–1.25, confirming the PK similarity between ABP 215 and bevacizumab
RP. Similarity in mean serum concentration-time profiles between ABP 215 and bevacizumab RP was observed
over the entire course of sampling [22]. Cmax and the time to Cmax observation (Tmax) were also similar between
ABP 215 and bevacizumab, with peak concentrations observed approximately 1.5–3 h postinfusion, followed by a
biphasic decrease in the same.

Similar safety profiles were noted between ABP 215 and bevacizumab RP, which were consistent with that
previously described for bevacizumab. No subject tested positive for binding ADAs.

Results in a separate clinical PK study conducted in 48 healthy Japanese subjects were consistent with and
further confirm the PK similarity between ABP 215 and bevacizumab. In a randomized, single-blind, single-dose,
parallel-group study that included 48 healthy Japanese male adults, Cmax, AUCinf, AUClast, safety, tolerability
and immunogenicity were all similar between ABP 215 and bevacizumab RP. All CIs fell within the prespecified
bioequivalence margin (0.80–1.25). Safety and immunogenicity were also similar between the two groups. AEs
were reported in two of 24 subjects receiving ABP 215 and one of 24 receiving bevacizumab. No subject was
positive for binding ADAs [23].
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Clinical evaluation
In order to confirm the clinical similarity of ABP 215 to bevacizumab RP, the comparative MAPLE study was
conducted to compare the efficacy, safety, immunogenicity and PK of ABP 215 with bevacizumab RP [24].
The MAPLE study was a randomized, double-blind, multicenter investigation in adult patients with advanced
nonsquamous NSCLC undergoing first-line therapy with carboplatin and paclitaxel. Patients were randomized 1:1
to receive either IV ABP 215 or bevacizumab RP 15 mg/kg administered every three weeks (Q3W) for six cycles
in combination with carboplatin and paclitaxel chemotherapy Q3W for ≥4 and ≤6 cycles [24].

Patients with nonsquamous NSCLC were chosen as the study population. NSCLC is a common cancer type,
and it is the leading cause of cancer death in both men and women in the USA and the EU [25,26]. Additionally,
patients with advanced nonsquamous NSCLC comprise a homogeneous population and bevacizumab is approved
for the treatment of NSCLC globally. In patients without squamous cell histology or a recent history of hemop-
tysis, bevacizumab added to chemotherapy improves overall response rate and prolongs progression-free survival
(PFS) [27,28]. Moreover, the objective response rate (ORR) in NSCLC patients is apparently the most sensitive
end point observed in the original bevacizumab trials. The nonsquamous NSCLC population was selected to
demonstrate the clinical equivalence of ABP 215 and bevacizumab based on consideration of studies submitted for
approval of bevacizumab in NSCLC [29]. In these studies, a statistically and clinically significant treatment effect was
demonstrated in patients receiving chemotherapy plus bevacizumab versus chemotherapy plus placebo as first-line
treatment for unresectable advanced, metastatic or recurrent NSCLC. Therefore, both the patient population and
the response to anti-VEGF therapy have been well characterized.

In the MAPLE study, the primary efficacy end point was the risk ratio (RR) of ORR; the primary analysis was
based on the central, independent, blinded radiologists’ review of radiographic images in the intent-to-treat (ITT)
population [24]. Clinical equivalence of the primary end point was proven by comparing the two-sided 90% CI
of the RR in ORR between ABP 215 and bevacizumab with a prespecified equivalence margin of 0.67−1.5. The
secondary efficacy end points were risk difference of ORR, duration of response (DOR) and PFS.

Efficacy
A total of 642 patients were randomized to receive treatment with ABP 215 (n = 328) and bevacizumab RP
(n = 314). In the ITT population, ORRs were comparable between the ABP 215 and bevacizumab RP groups (39.0
vs 41.7%). Based on central radiology review of the ITT population, the RR of ORR and 90% CI between ABP
215 and bevacizumab RP fell within the prespecified equivalence margin of 0.67−1.5 (0.93 [90% CI: 0.80–1.09]),
indicating similar clinical efficacy between ABP 215 and bevacizumab RP (Figure 6A) [24].

These efficacy results were consistent in all secondary and sensitivity analyses of the primary and secondary
efficacy end points, including risk difference (RD) of ORR, DOR and PFS. Similar results were obtained when
additional covariates were included in the primary efficacy model (central radiology review of the ITT population);
the RR of ORR was 0.90 (90% CI: 0.77–1.05). Based on investigator assessment of the ITT population, the RR
of ORR was 1.01 (90% CI: 0.88–1.16). Based on central radiology review, the RR of ORR was 0.94 (90% CI:
0.80–1.10) in the per-protocol population, and 0.93 (90% CI: 0.80–1.09) in the tumor response set.

In addition, comparisons of the RD of ORR between ABP 215 and bevacizumab RP also supported clinical
similarity between ABP 215 and bevacizumab RP [24]. The RD between the two treatment arms was -2.90% (90%
CI: -9.26–3.45%) in the central pathology review of the ITT population, which was consistent with results of the
analyses in the per-protocol population (-2.82%; 90% CI: -9.73–4.10%), the tumor response set (-2.78%; 90%
CI: -9.27–3.71%), and also in the investigator’s assessment of response in the ITT population (−0.68%; 90% CI:
-7.11–5.76%).

Kaplan–Meier curves for DOR and PFS indicated similarity with regard to PFS between ABP 215 and beva-
cizumab RP (Figure 6B). A total of 131 (39.9%) patients in the ABP 215 arm and 125 (39.8%) patients in the
bevacizumab arm progressed or died before the end of the study. The estimated hazard ratio (HR) for PFS based
on central review of imaging was 1.03 (90% CI: 0.83–1.29) and the estimated DOR medians were 5.8 months
(95% CI: 4.9−7.7) and 5.6 months (95% CI: 5.1−6.3 months) for ABP 215 and bevacizumab, respectively. The
two treatment arms were also similar when using the investigator’s assessment of response (PFS HR: 1.10; 90% CI:
0.92–1.33; DOR HR: 1.08, 95% CI: 0.76–1.54).
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Time course & magnitude of response
A post hoc analysis of the time course and magnitude of tumor response was performed using independent, central
radiologists’ evaluations of patient response data from the MAPLE study. At week 7, 13, 19 and overall, both the
ABP 215 and RP treatment groups had a similar proportion of patients with an objective response. The RD in
ORR between the two groups by week 19 was -2.6% (95% CI: -10.05–4.93%). The magnitude of target lesion
response (Figure 7) and cumulative time to first objective response were highly similar between ABP 215 and
bevacizumab, further supporting clinical similarity between the two antibodies [30].
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Safety
The majority of AEs in the MAPLE study were grade 1 or 2 in severity [24]. All grade ≥3 AEs commonly associated
with bevacizumab, including hypertension, gastrointestinal perforations, pulmonary hemorrhage, wound-healing
complications and proteinuria, were comparable between treatment groups (Figure 8). The frequency of serious
AEs was similar in the two groups (ABP 215:26.2%; bevacizumab RP: 23%), which included febrile neutropenia
(3.4 and 2.6%), neutropenia (1.9 and 1.0%), pneumonia (1.9 and 1.6%), pulmonary embolism (1.5 and 1.9%),
anemia (0.9 and 1.9%), dyspnea (0.9 and 1.3%) and hemoptysis (0.9 and 1.6%). The number of fatalities were
also similar between the two groups (ABP 215: 4.0%; bevacizumab RP: 3.6%).

Pharmacokinetics
Results of the PK analysis in the comparative clinical study confirmed those of the PK studies. The median trough
serum concentration values were similar between ABP 215 and bevacizumab over the course of the study. At
week 19, median trough serum concentration was 131.8 μg/ml in the ABP 215 group and 129.0 μg/ml in the
bevacizumab group.

Immunogenicity
Immunogenicity profiles were similar in patients receiving ABP 215 or bevacizumab RP [24]. A total of 11 patients
developed binding ADAs at any time during the entire course of the study, four in the ABP 215 and seven in
bevacizumab RP groups; of these, three patients in each arm had transient binding ADAs. No patient in either
ABP 215 or bevacizumab RP groups developed neutralizing antibodies.

Extrapolation
Extrapolation refers to the use of the TOE to approve a biosimilar for RP indications other than the one in which the
comparative clinical study was conducted. The concept of extrapolation is unique to biosimilars. Unlike originator
products, which require two well-powered clinical studies in each disease to obtain regulatory approval in a specific
indication, biosimilars are generally approved for all indications for which the RP is approved based on a single
confirmation study. The biosimilar approval process reduces or eliminates the need for additional clinical studies
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in other indications, provided adequate scientific justification is available to support extrapolation, thus enabling
an accelerated clinical trial program. Extrapolation is simpler when there is a common MOA across all indications
for which the biosimilar is approved, as is the case for bevacizumab.

As detailed in previous sections, the TOE for ABP 215 demonstrates structural, functional, PK and clinical
similarity to bevacizumab RP. In further support of similarity between the two products, similarity in terms of
binding and neutralization of VEGF-A was demonstrated using multiple orthogonal assays. Overall, these results
add to the TOE supporting the similarity of ABP 215 and bevacizumab RP, and provide the justification for
extrapolation across the approved indications of bevacizumab RP. It must be noted that approved indications differ
in USA versus EU. In particular, ovarian cancer is currently under regulatory exclusivity in the USA due to its
orphan disease status designation.

Conclusion
The TOE generated for ABP 215 from analytical, functional, PK and clinical studies provides a robust body
of evidence supporting its similarity to the bevacizumab RP. The data summarized here indicate that there are
no clinically meaningful differences between ABP 215 and bevacizumab RP in terms of PK, efficacy, safety and
immunogenicity. In addition, no new or unexpected safety signals emerged in the clinical studies, with the safety
profiles being consistent with those previously described for bevacizumab. Moreover, the TOE provided the scientific
justification for extrapolation across the approved indications of bevacizumab RP. Overall, this body of evidence
is critical in providing confidence to physicians in accepting biosimilars as alternatives to their respective RPs,
and specifically that ABP 215 is a biosimilar to bevacizumab RP, appropriate for use in all the approved clinical
indications of the RP.

Future perspective
Bevacizumab, a monoclonal antibody inhibiting tumor angiogenesis, is an important therapeutic that is the standard
of care for several cancer types including advanced or recurrent NSCLC; metastatic colorectal cancer; metastatic
renal cell carcinoma; persistent, recurrent or metastatic cervical cancer; recurrent epithelial ovarian (except in the

1348 Immunotherapy (2019) 11(15) future science group



Totality of evidence in the development of ABP 215, an approved bevacizumab biosimilar Review

USA), fallopian tube or primary peritoneal cancer as well as recurrent glioblastoma (USA only); and metastatic breast
cancer (EU only) [11,12]. Biosimilars are highly similar to their originator biologic agent or RP, with no meaningful
differences that affect clinical efficacy, safety and immunogenicity. Based on the TOE that demonstrated similarity
between bevacizumab RP and ABP 215 through robust comparative analytical, preclinical, clinical pharmacology
and efficacy and safety studies, ABP 215 was approved for all bevacizumab indications in these jurisdictions in the
USA and EU, except for ovarian cancer in the USA due to orphan drug exclusivity. ABP 215 is expected to provide
a treatment alternative in clinical practice for all the eligible indications of bevacizumab RP. It is our opinion that
ABP 215 will prove to be an effective treatment choice and that the real-world experience will further the confidence
of stakeholders in the use of ABP 215 as the bevacizumab biosimilar. It is hoped that this will expand biosimilar
use in the coming years and lead to increased integration of these agents in cancer-specific treatments.

Executive summary

Introduction
• ABP 215 (MVASI™) is the first approved biosimilar to bevacizumab (Avastin R©), a monoclonal antibody directed

toward VEGF-A. Interchangeability of ABP 215 with bevacizumab reference product (RP) was not addressed in
the clinical studies and not sought for in the licensure.

Analytical characterization of ABP 215
• ABP 215 is highly analytically (structurally and functionally) similar to bevacizumab RP, with minor differences

that do not alter biological activity or potency.
Clinical evaluation
• Results of the MAPLE study indicate that there are no clinically meaningful differences between ABP 215 and

bevacizumab RP in terms of efficacy, safety and immunogenicity. There were no new or unexpected safety signals
and the safety profile of ABP 215 was consistent with that previously described for bevacizumab RP.

Extrapolation
• The approval of ABP 215 for all the requested indications of bevacizumab RP was based on the totality of

evidence generated, which provided the scientific rationale for applying the principles of extrapolation across
the approved indications of bevacizumab RP not covered by regulatory exclusivities.

Conclusion
• The systematic comparative totality of evidence generated for ABP 215 established its similarity with

bevacizumab RP, encompassing MOA, structure, function, pharmacokinetics, as well as clinical efficacy, safety and
immunogenicity.

Future perspective
• ABP 215 is expected to provide an important treatment alternative to bevacizumab RP in clinical practice.
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