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Proposed Proper Name bevacizumab-bvzr
Proposed Proprietary Name Zirabev

Dosage Forms/Strengths Injection / 100 mg per 4 mL and 400 mg per 16 mL single dose 
vials 

Proposed Indication(s)  Metastatic colorectal cancer, 
- In combination with intravenous 5-fluorouracil–based 

chemotherapy for first- or second-line treatment. 
- with fluoropyrimidine-, irinotecan- or 

fluoropyrimidine-oxaliplatin based chemotherapy for 
second line treatment in patients who have 
progressed on a first line bevacizumab-product 
containing regimen.

Limitation of Use: not indicated for adjuvant treatment  
 Non-squamous non-small cell lung cancer, in 

combination with carboplatin and paclitaxel, for first-line 
treatment of unresectable, locally advanced, recurrent 
or metastatic disease.

 Recurrent glioblastoma in adults.
 Metastatic renal cell carcinoma, in combination  with 

interferon alfa. 
 Persistent, recurrent, or metastatic cervical cancer, in 

combination with paclitaxel and cisplatin or paclitaxel 
and topotecan.

Recommendation on 
Regulatory Action 

Approval
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1. Introduction

This is a biologics license application (BLA) submitted under the provisions of section 351(k) of 
the Public Health Service Act (PHS Act) by Pfizer Inc. (Pfizer) for bevacizumab-bvzr (tradename 
“Zirabev”), a proposed biosimilar to US-licensed Avastin (bevacizumab).1  During development, 
Pfizer identified the product as “PF-06439535”.  Pfizer is seeking licensure of bevacizumab-bvzr 
on the basis of the following:

 Analytical and manufacturing process control data
o demonstrating that bevacizumab-bvzr is highly similar to Avastin, the reference product, 

notwithstanding minor differences in clinically inactive components; 
o demonstrating that Pfizer can consistently manufacture bevacizumab-bvzr in a well-

controlled and consistent manner, leading to a product that is sufficient to meet 
required quality standards; and

o to provide the analytical portion of a scientific bridge based on three-way comparative 
data between US-licensed Avastin, EU-approved bevacizumab, and bevacizumab-bvzr to 
support the relevance of the comparative data that were generated from studies using 
EU-approved bevacizumab as the comparator to the assessment of biosimilarity of 
bevacizumab-bvzr to US-licensed Avastin.

 A clinical pharmacology program for bevacizumab-bvzr, comprising a single-dose 
pharmacokinetic (PK) study (Study B7391001) that provided a three-way comparison of 
bevacizumab-bvzr, Avastin, and EU-approved bevacizumab and PK data from the 
comparative clinical study, Study B7391003,
o demonstrating the pharmacokinetic (PK) similarity of bevacizumab-bvzr and US-licensed 

Avastin in Study B7391001;
o providing the PK element of the scientific bridge to support the relevance of 

comparative data generated from studies using EU-approved bevacizumab as the 
comparator to the assessment of biosimilarity of bevacizumab-bvzr to US-licensed 
Avastin; and

o characterizing the PK and immunogenicity of bevacizumab-bvzr in the comparative 
clinical study, Study B7391003.

 A clinical development program for bevacizumab-bvzr consisting of a single comparative 
clinical study, Study B7391003. Study B7391003 was a randomized, double-blind, parallel 
group study conducted in 710 patients with previously untreated unresectable, locally 
advanced or metastatic non-small cell lung cancer (NSCLC) who were randomly allocated 
(1:1) to receive 4 to 6 21-day cycles of carboplatin and paclitaxel with either bevacizumab-
bvzr or EU-approved bevacizumab.  Patients received either bevacizumab-bvzr or EU-
approved bevacizumab at a dose of 15 mg/kg dose every 3 weeks; investigators were 

1 Any reference to “Avastin” in this document should be considered a reference to “US-licensed 
Avastin.” EU-sourced bevacizumab will be referred to as “EU-approved bevacizumab.” References to 
unknown sources of bevacizumab (e.g., based on historical studies) will use “bevacizumab”.
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permitted to continue the assigned bevacizumab product (either EU-approved bevacizumab 
or bevacizumab-bvzr) after completion of chemotherapy until Response Evaluation Criteria 
in Solid Tumors (RECIST) 1.1-defined disease progression, unacceptable toxicity, discretion 
of the investigator, regulatory request, death, withdrawal of consent occurs, or the “end of 
trial” as defined in the protocol. The primary endpoint was overall response rate (ORR) 
according to RECIST 1.1 per investigator assessment.

 A scientific justification for extrapolation of data to support biosimilarity to the other 
indications which were not directly studied in the bevacizumab-bvzr development program 
but for which US-licensed Avastin is licensed and for which Pfizer is also seeking licensure  
(i.e., first- or second-line treatment of metastatic colorectal cancer (mCRC) in combination 
5-fluorouracil–based chemotherapy;  second-line treatment of patients with mCRC who 
have progressed following a first-line bevacizumab-product-containing regimen, in 
combination with fluoropyrimidine-, irinotecan- or fluoropyrimidine-oxaliplatin based 
chemotherapy; treatment of recurrent glioblastoma; treatment of metastatic renal cell 
carcinoma, in combination  with interferon alfa; and treatment of persistent, recurrent, or 
metastatic cervical cancer, in combination with paclitaxel and cisplatin or paclitaxel and 
topotecan).  Pfizer is not seeking approval for the following approved indications for US-
licensed Avastin, which are protected by orphan drug exclusivity: 
o Treatment of recurrent epithelial ovarian, fallopian tube, or primary peritoneal cancer 

that is platinum-resistant in combination with paclitaxel, pegylated liposomal 
doxorubicin, or topotecan;

o Treatment of recurrent epithelial ovarian, fallopian tube, or primary peritoneal cancer 
that is platinum-sensitive in combination with carboplatin and paclitaxel or in 
combination with carboplatin and gemcitabine

o Treatment of Stage III or IV epithelial ovarian, fallopian tube or primary peritoneal 
cancer following initial surgical resection.

2. Background

The Biologics Price Competition and Innovation Act of 2009 (BPCI Act) created an abbreviated 
licensure pathway for biological products shown to be “biosimilar” to or “interchangeable” with 
an FDA-licensed biological product (the “reference product”). This abbreviated licensure 
pathway under section 351(k) of the PHS Act permits reliance on certain existing scientific 
knowledge about the safety, purity, and potency of the reference product, and enables a 
biosimilar biological product to be licensed based on less than a full complement of product 
specific nonclinical and clinical data.

Section 351(i) of the PHS Act defines the terms “biosimilar” or “biosimilarity” to mean that “the 
biological product is highly similar to the reference product notwithstanding minor differences 
in clinically inactive components” and that “there are no clinically meaningful differences 
between the biological product and the reference product in terms of the safety, purity, and 
potency of the product” (see section 351(i)(2) of the PHS Act).  A 351(k) application must 
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contain, among other things, information demonstrating that the proposed product is 
biosimilar to a reference product based upon data derived from analytical studies, animal 
studies, and a clinical study or studies, unless FDA determines, in its discretion, that certain 
studies are unnecessary in a 351(k) application (see section 351(k)(2) of the PHS Act).
The foundation of an abbreviated development program for a biosimilar product is extensive 
structural and functional characterization of both the proposed biosimilar product and its 
reference product to demonstrate that the products are highly similar, notwithstanding minor 
differences in clinically inactive components.  Residual uncertainties about the clinical impact of 
analytical differences between the products may be addressed by comparative human PK and, 
if applicable, pharmacodynamic data, clinical immunogenicity, safety, and effectiveness data.  
The Agency evaluates the totality of analytical data where evaluating whether an applicant has 
adequately demonstrated that a proposed product meets the statutory standard for 
biosimilarity to the reference product. 

Relevant Regulatory History

The reference product, US-licensed Avastin (bevacizumab), was first approved in the U.S. on 
February 26, 2004. 

Clinical development of bevacizumab-bvzr occurred under IND 117038.  The following pre-
submission meetings occurred between Pfizer and FDA:

 May 22, 2013: A Biosimilar Initial Advisory meeting held to obtain preliminary feedback on 
the CMC/quality, nonclinical and clinical development strategy for bevacizumab-bvzr as a 
proposed biosimilar to US-licensed Avastin. 

In this meeting, FDA agreed that the proposed similarity criteria (including AUC and Cmax) for 
comparing the pharmacokinetics of bevacizumab-bvzr to US-licensed Avastin was 
acceptable. FDA recommended that the lowest scientifically relevant doses of bevacizumab-
bvzr, US-licensed Avastin and EU-approved bevacizumab be used in healthy volunteers. 

FDA disagreed with Pfizer’s proposal to conduct a clinical comparability study (CCS) in 
patients with  

 
 FDA recommended the CCS be conducted in patients with NSCLC.

 December 6, 2013: Pfizer submitted original IND 117038 containing Study B7391001, 
entitled “Phase I, Double Blind, Randomized, Parallel-Group, Single-Dose, 3-Arm, 
Comparative Pharmacokinetic Study of PF-06439535 and Bevacizumab Sourced from US 
and EU Administered to Healthy Male Volunteers” for the development of bevacizumab-
bvzr.
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 July 16, 2014: A BPD Type 2 meeting was held to discuss and obtain regulatory advice on the 
data generated to date and the proposed CCS, Study B7391003. FDA agreed that the overall 
design of Study B7391003 was adequate and could potentially provide data that was 
supportive of a demonstration of no clinically meaningful differences between 
bevacizumab-bvzr and EU-approved bevacizumab. However, FDA disagreed with the 
proposed similarity margins for the study ). After further review of the study plan 
and internal discussion, on September 3, 2014, FDA issued a letter stating that union-
intersection statistical tests such as the two, one-sided test (TOST) procedure could be used 
for testing the null hypothesis of “non-equivalence” vs. the alternative hypothesis of 
“equivalence.” FDA further clarified that the TOST procedure could be implemented by 
comparing a confidence interval for the ratio between the proposed biosimilar product and 
the reference product to an interval deemed to be clinically acceptable and defined by two 
preselected margins and that a confidence interval completely within the agreed-upon 
margins would rule out meaningful clinical differences between the products with respect 
to the chosen endpoint and subject to a predetermined type one error probability. 

FDA stated that one approach to creating the margin is to base the margin on preserving 
some fraction of the reference product treatment effect estimated by a metanalysis of 
placebo-controlled studies. FDA also stated that to account for variability in the estimated 
drug effect, this margin is often based on the lower bound of the confidence interval for the 
drug treatment effect (on the specific endpoint) from this meta-analysis. FDA clarified that 
the reference product’s treatment effect may not be the most relevant factor on which to 
base both the upper and lower margins; therefore, it is possible that non-symmetric 
margins could be appropriate, but the use of non-symmetric margins should be justified. 
FDA recommended the Type I error rate of the equivalence test be controlled at 5% and 
that the selected margin in the CCS should maintain a fraction of at least 50% of the 
bevacizumab effect on ORR.

 April 15, 2015: A BPD Type 3 meeting was held. Pfizer proposed several scenarios for the 
calculations of the similarity margin for the proposed CCS, Study B7391003. Pfizer proposed 
using three randomized controlled studies in a meta-analysis to determine the similarity 
margin. FDA stated that although the method used by Pfizer is different than what FDA 
recommended, the proposed similarity margins of 0.73 to 1.37 may be acceptable; 
however, FDA still recommended determining the similarity margin for bevacizumab using a 
meta-analysis that includes all of the four published studies that evaluated bevacizumab in 
combination with chemotherapy (i.e., Sandler et al., NEJM, 2006; Johnson et al., JCO., 2004; 
Niho et al., Lung Cancer, 2012; and Reck et al., JCO., 2009); or using the meta-analysis in 
Botrel et al. Lung Cancer, 2011. This advice was reiterated on March 23, 2016.

 July 23, 2015: Pfizer submitted the protocol for Study B7391003, “a Phase 3, randomized, 
double-blind study of PF-06439535 plus paclitaxel-carboplatin and bevacizumab plus 
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paclitaxel-carboplatin for the first line treatment of advanced non-squamous cell lung 
cancer” to IND 117038. 

 February 13, 2017: A BPD Type 2 teleconference meeting was held to discuss CMC/stability, 
clinical data, and high-level content and presentation questions for a planned 351(k) BLA 
submission.  Pfizer stated that the initial BLA would contain complete safety data for all 
patients for all planned cycles of the chemotherapy combination phase, complete efficacy, 
immunogenicity, and PK concentration data for all patients for the planned cycles of the 
chemotherapy combination phase, and secondary endpoint data for approximately 75% of 
patients beyond the chemotherapy combination phase.  Supplemental secondary endpoint 
data for the remaining ~25% of patients beyond the chemotherapy combination phase 
would be submitted with the 4-month safety update. FDA concurred with the plan.

FDA acknowledged that Pfizer may submit datasets using the Pfizer Data Standard but 
recommended the submission of datasets using CDISC standards. FDA agreed with a 
proposed format for Module 5.3.5.3. FDA asked Pfizer to provide all raw data and derived 
variables in .xpt format, SAS programs used to create the derived datasets for the efficacy 
endpoints and the SAS programs used for efficacy data analysis (and if used, all necessary 
macro programs), SAS programs for derived datasets, and mock-up define file.

 September 12, 2017: A BTD Type 4 (pre-BLA) meeting was held to discuss the summary 
content and format of the 351(k) BLA, the timelines for pre-license inspections and the 
proposed concept for labeling. FDA agreed that the proposed structure and format of the 
clinical sections generally appeared to be adequate to support the filing of a BLA. FDA 
reiterated the request for submission of SAS programs and define files. 

Regarding labeling, FDA clarified that at the time of Pfizer’s planned BLA submission, the US-
licensed Avastin ovarian cancer indications would remain protected by orphan exclusivity; 
therefore, bevacizumab-bvzr would not be able to be licensed for these indications until 
after the orphan exclusivity expired. FDA advised that information related to the ovarian 
cancer indication should be removed from relevant sections of the proposed bevacizumab-
bvzr label.

 January 26, 2018: Pfizer submitted a 351(k) BLA for bevacizumab-bvzr. On February 
14, 2018, a planning meeting was held to discuss the BLA submission contents, which were 
incomplete and had multiple deficiencies. On February 26, 2018 and March 7, 2018, FDA 
and Pfizer held meetings to discuss the BLA deficiencies.  Pfizer withdrew the BLA 
submission on March 9, 2018. On April 24, 2018, FDA issued an acknowledgement letter for 
the BLA withdrawal that listed the deficiencies identified during the preliminary filing review 
of the original BLA.

 June 6, 2018: FDA and Pfizer held a teleconference to discuss resubmission of the 
application, including datasets in CDISC format and SAS programs used to compile the data 
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(previously submitted in Pfizer’s legacy format), a new define file, etc. In addition, the eCTD 
submission strategy and manufacturing issues were discussed.    

Amendments to the BLA
Table 1 provides a listing of the dates and a brief description of the amendments submitted to
this BLA. Most amendments were submitted following FDA information requests.

Table 1:  Listing of Amendments to the BLA
Date Contents of submission
July 25, 2018 Pfizer provided drug product facilities information, including 

manufacturing schedule. 
August 1, 2018 Pfizer provided responses to an FDA information request regarding 

PK and stability validation assays data.
August 31, 2018 Pfizer provided in response to FDA queries requesting clarification 

about selection of independent EU lots for statistical study of 
inhibition of cell growth and inconsistencies in data displays in the 
submission.
Pfizer provided additional responses to an FDA information request 
regarding method validation data.

September 9, 2018 Pfizer provided additional responses to an FDA information request 
regarding method validation data.

September 26, 2018 Pfizer provided data in response to an FDA information request 
regarding exposure to treatment drugs in Study B7391003.

October 1, 2018 Pfizer requested a full waiver of pediatric studies for the proposed 
indications. 

October 2, 2018 Pfizer provided data in response to an FDA information request 
regarding functional characterization of bevacizumab-bvzr, 
analytical similarity testing sites, and analytical assays reports.

October 3, 2018 Pfizer requested review of the proprietary name (conditionally 
accepted by FDA on September 25, 2018).

October 26, 2018 Pfizer provided responses to a September 20, 2018  FDA 
information request regarding method validation data, long term 
stability, and ADA assays, noting that the information FDA 
requested regarding long term storage stability would be provided 
at a later date.

October 26, 2018 Pfizer provided the 120-day safety update report.
October 31, 2018 Pfizer provided analytical assay reports in response to an FDA 

information request.
November 6, 2018 Pfizer provided additional information regarding long term storage 

stability, in response to FDA’s September 20, 2018 information 
request. 

November 16, 2018 Pfizer provided an updated manufacturing schedule.
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Date Contents of submission
December 3, 2018 Pfizer provided responses to an additional FDA information request 

regarding manufacturing and quality.
December 14, 2018 Pfizer provided additional information regarding product 

manufacturing and quality in response to prior FDA information 
requests.

December 14, 2018 Pfizer provided responses to FDA’s November 29, 2018 “Carton and 
Container Labeling Review Comments” memo.

December 17, 2019 Pfizer provided additional information regarding the manufacturing 
schedule, in response to a question raised at the midcycle meeting 
held on December 4, 2018.

December 21, 2018 Pfizer provided additional responses to an FDA information request 
regarding product purity.

January 9, 2019 Pfizer provided additional responses to an FDA information request 
regarding manufacturing.

January 10, 2019 Pfizer provided additional responses to an FDA information request 
regarding long term storage stability.

January 15, 2019 Pfizer provided additional responses to an FDA information request 
regarding manufacturing.

January 18, 2019 Pfizer provided information in response to an FDA information 
request regarding analytical similarity data.

January 22, 2019 Pfizer provided information in response to an FDA information 
request regarding manufacturing.

January 31, 2019 Pfizer provided additional information in response to an FDA 
information request regarding analytical similarity.

February 6, 2019 Pfizer provided information in response to an FDA information 
request regarding analytical similarity assays.

February 8, 2019 Pfizer provided information in response to an FDA information 
request regarding manufacturing.

February 14, 2019 Pfizer provided information in response to an FDA information 
request regarding ADA assays.

February 15, 2019 Pfizer provided additional information in response to an FDA 
information request regarding analytical similarity assays.

February 21, 2019 Pfizer provided responses to FDA’s February 14, 2019 memo 
containing labeling review and carton and container labeling review 
comments.

March 1, 2019 Pfizer provided additional information in response to an FDA 
information request regarding ADA assays and ADA data on clinical 
studies.

March 12, 2019 Pfizer provided information in response to an FDA information 
request regarding manufacturing.
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Date Contents of submission
March 26, 2019 Pfizer provided information in response to an FDA information 

request regarding manufacturing, protocols, and commitments 
within the BLA.

March 27, 2019 Pfizer provided additional information in response to an FDA 
information request regarding long term product serum stability.

April 12, 2019 Pfizer provided an update to a CMC response on remaining CMC 
commitments within the BLA. 

April 18, 2019 Pfizer submitted a revised proposed carton and vial labels 
incorporated with the suffix code.

May 21, 2019 Pfizer submitted an updated table with a list of remaining CMC 
commitments within the BLA.

May 29, 2019 Pfizer provided revised labeling in response to FDA’s draft labeling 
comments sent on May 21, 2019.

June 13, 2019 Pfizer provided revised draft labeling for the Zirabev package insert 
in response to FDA’s June 11, 2019 memo containing labeling 
review comments.

3. CMC/Device

The Product quality review was completed by Jee Chung (Office of Biotechnology Products [OBP] 
Product Quality Reviewer) and Chana Fuchs (Product Quality Team Leader) and Joel Welch as 
Review Chief.  Aimee Cunningham and Reyes Candau-Chacon (Division of Microbial Assessment 
[DMA]) completed the microbiology drug substance review; Jessica Hankins and Reyes Candau-
Chacon (DMA) completed the microbiology drug product review; Michael Shanks (Division of 
Inspectional Assessment [DIA]) completed the facilities review (endorsed by Zhihao Peter Qiu).  
Tianjiao Dai, Tianhua Wang, Meiyu Shen, and Shein-Chung Chow (Office of Biostatistics [OB]) 
completed the CMC statistics  review.

Manufacturing and Product Quality Evaluation
Drug substance
Bevacizumab-bvzr is a recombinant humanized IgG1 kappa monoclonal antibody produced in 
Chinese Hamster Ovary (CHO cells) consisting of two heavy chains (453 amino acids each) and 
two light chains (214 amino acids each).  A total of 32 cysteine residues are present in 
bevacizumab-bvzr and form 16 disulfide bonds (four intrachain disulfide bonds per heavy chain 
(HC), two intrachain disulfide bonds per light chain (LC), and four interchain disulfide bonds).  
Each HC contains the consensus glycosylation site on asparagine residue 303 (Asn303). 
Bevacizumab-bvzr binds specifically to human vascular endothelial growth factor A (VEGFA), 
preventing the interaction of VEGFA with its receptors, (Flt-1 and KDR) on the surface of 
endothelial cells. Preventing the interaction of VEGF with its receptors inhibits the known 
functional activities of VEGFA that include angiogenesis.  As an IgG1 monoclonal antibody, 
bevacizumab-bvzr retains the ability to carry out effector functions.  Bevacizumab-bvzr binds to 
multiple Fcγ receptors and to C1q; while bevacizumab-bvzr can mediate antibody-dependent 
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Facilities review/inspection
Drug Substance Manufacturing Facility
The pre-license inspection of the drug substance manufacturing facility (Wyeth BioPharma, a 
subsidiary of Pfizer in Andover, MA) was conducted from January 9, 2019 to January 18, 2019. 
The first part of the inspection covering the analytical similarity testing and storage areas for 
US-licensed Avastin and EU-approved bevacizumab and was led by Sean Marcsisin (ORA), with 
Jee Chung (CDER/OPQ/OBP/DBRRIV) and Rukman De Silva (CDER/OPQ/OBP/DBRRIV).  The 
second half of the inspection was led by Maxwell Van Tassell (CDER/OPQ/OPF/DMA), with 
Aimee Cunningham (CDER/OPQ/OPF/DMA) and Jee Chung and covered the bevacizumab-bvzr 
drug substance manufacturing areas, QC laboratories, warehouse and cell bank storage.

The inspection was system-based and covered Quality, Facilities and Equipment, Production, 
Materials and Laboratories.  The inspection was limited to the manufacturing of bevacizumab-
bvzr DS and the analytical similarity data and components.

Two Form FDA 483 were issued; the first Form FDA 483 contained two-item deficiencies and 
the second Form FDA 483 contained a single item deficiency. The deficiencies were lack of 
adequate laboratory control mechanisms to trend and investigate multiple assay failures, since 
the firm did not follow established procedures to document all instrument checks and 
associated maintenance for  instrument used to determine protein concentration, and 
insufficient control over critical materials and reagents used for release and stability testing.   
Pfizer addressed these issues in their response to the observations.

A final compliance status of voluntary action indicated (VAI) was given to the facility.

Drug Product Manufacturing Facility
A cGMP surveillance and pre-license inspection of Pharmacia and Upjohn Company LLC, 
Kalamazoo, MI, was completed in support of this BLA The inspection occurred from 09/10-
21/2018 and was conducted in accordance with CPGM  

 
 

 The pre-approval 
component of this inspection was for this BLA, BLA 761099, and included coverage of the 
Quality, Facilities & Equipment, Materials, Production, Packaging & Labeling, and Laboratory 
systems for the profile classes: . A 3-item 
FDA 483 was issued at the end of the inspection, citing: (1) Procedures designed to prevent 
microbiological contamination of drug products purporting to be sterile are not followed; (2) 
Employees are not given training in the particular operations they perform as part of their 
function; and (3) Deviations from written production and process control procedures are not 
recorded. The inspection was classified as VAI; approval of BLA 761099/0 was recommended.
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The facility reviewers concluded that the compliance status of all the facilities associated with 
the manufacture of drug product is adequate.

Summary
In summary, the FDA product quality review team determined that the DS and DP 
manufacturing process is well-controlled and adequate to support approval.  No formal 
postmarketing commitments were deemed necessary, although Pfizer has committed to 
conducting several additional studies in the postmarketing setting. 

Analytical similarity assessment
The analytical similarity evaluation included comprehensive methods that assessed the primary 
structure, post-translation changes (e.g., glycosylation pattern), higher order structure, product-
related substances and impurities, particulates, aggregates, biological activity including VEGFA 
binding and inhibition of endothelial cell proliferation (i.e., functional activity in HUVEC cellular 
proliferation assays), Fc binding activity and absence of ADCC and CDC, stability, forced 
degradation, general properties (protein concentration, volume by content and weight, pH, 
osmolality and appearance) and process-related impurities. Comparative analytical data were 
evaluated using multiple lots of bevacizumab-bvzr, US-licensed Avastin and EU-approved 
bevacizumab. A cell-based anti-proliferation assay using human umbilical vein endothelial cells 
(HUVEC) that express VEFGR1 and VEGFR2, which measures binding to the target antigen 
VEGFA and inhibition of VEGF receptor-mediated proliferation, and an evaluation of VEGFA 
binding using an enzyme-linked immunosorbent assay (ELISA), which assesses the binding to 
VEGFA isoform 165, were identified as the potency assays to be evaluated by statistical 
equivalence testing. 

Three pairwise comparisons of bevacizumab-bvzr to US-licensed Avastin, bevacizumab-bvzr to 
EU- approved bevacizumab, and US-licensed Avastin to EU-approved bevacizumab were 
conducted to establish the analytical component of the scientific bridge to support the 
relevance of the comparative data generated from studies using EU-approved bevacizumab as 
the comparator to the assessment of biosimilarity.

Pfizer took a stepwise approach to assessing analytical similarity between bevacizumab-bvzr, 
US-licensed Avastin, and EU-approved bevacizumab. The first step was determination of the 
reference quality attributes (QA) and sequence identification. The second step consisted of 
risk assessments on the QAs for their ability to impact safety, efficacy, pharmacokinetic/ 
pharmacodynamics (PK/PD), and immunogenicity and ranking the QAs into high, moderate, 
and low risks. The third step of the stepwise approach was to take the QAs and place them 
into one of three risk categories (denoted as “tiers” by Pfizer) with consideration for method 
capabilities as shown below:
 Risk Category 1: Equivalence testing.  Highest level of risk and significance to similarity, 

such as attributes likely to impact clinically relevant mechanism(s) of action (MoA) of the 
product for each indication for which approval is sought.

 Risk Category 2: Quality ranges.  QAs with moderate level of risk and significance to 
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similarity
 Risk Category 3: Tabular/graphical raw data.  Generally, QAs with lowest level of risk and 

significance to similarity or reflective of method capabilities not amenable to quantitative 
analysis.

The following tables, copied from the submission, list the quality attributes, their respective risk 
categories, and the rationale for the assignments.
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Table 2: Statistical Tier Rankings for Potency/Biological Activity

Source:  copied from BLA submission
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Table 3:  Statistical Tier Ranking of Physicochemical Quality Attributes

Source:  copied from BLA submission

The BLA included a description of the equivalence test and quality range methods.  Quality 
ranges (QR) for Risk Category 2 (or “Tier 2” as classified by Pfizer) attributes were derived from 
the mean plus/minus 3 times the standard deviation of the reference product.  In order to 
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support a demonstration of highly similar, attributes evaluated by the equivalence test should 
meet the equivalence criteria and for the attributes evaluated by a QR, 90% of the lots tested 
should be within the relevant QR.  The following table, copied from Pfizer’s submission, 
provides a summary of the acceptance criteria for QA evaluated by graphical comparison.  

Table 4:  Criteria for Similarity Used to Assess Bevacizumab-bvzr, US-licensed Avastin, and EU-
approved bevacizumab

Source:  copied from BLA submission

The Product Quality review team found the stepwise approach for evaluation of quality 
attributes and risk categories generally acceptable and consistent with FDA advice given during 
the BPD Type 2 meeting held on July 16, 2014; however, the review team determined that the 
risk ranking for FcγRIIIa (158F and 158V variants) and N-glycan profile was not justified and 
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recommended evaluation by QR instead of a graphical comparison.  In addition, several QAs 
that were previously recommended for assessment, including the ability to induce ADCC and 
CDC activity using cells that express the membrane bound form of VEGFA, binding to short 
VEGFA isoform as part of the binding assessment, and binding specificity of the products to 
VEGFA were not evaluated in the June 29, 2018 submission.  Pfizer submitted several 
amendments in response to FDA communications to address these issues; the Product Quality 
review team ultimately determined that Pfizer’s responses were satisfactory and the results for 
these quality attributes supported the conclusion that PF-06439535 is highly similar to US-
licensed Avastin.

Equivalence Testing
The CMC statistical team analyzed the comparative results of two critical quality attributes: 
percent relative potency, as assessed by the Inhibition of Cell Growth Assay, and VEGF165 
Binding by ELISA.  These two attributes were recommended for equivalence testing analysis by 
the Office of Biotechnology.  Statistical equivalence testing was conducted using equivalence 
margins of ±1.5σR, where R represents the reference product US-licensed Avastin or 
comparator product EU-approved bevacizumab..

VEGFA Binding Assay Results
Ten bevacizumab-bvzr lots (2 DS batches and 8 DP lots), 25 US-licensed Avastin lots, and 27 EU-
approved-bevacizumab lots were used for equivalence testing for VEGF165 binding by ELISA. 
The results shown below demonstrate that the three pairwise comparisons (bevacizumab-bvzr 
to US-licensed Avastin, bevacizumab-bvzr to EU-approved bevacizumab (“EU”), and EU-
approved bevacizumab to US-licensed Avastin) meet the pre-specified equivalence acceptance 
criteria.

Table 5:  Summary of Equivalence Testing for Target Binding to VEGF165 (% Relative Potency) 
of PF-06439535, US-licensed Avastin, and EU-approved bevacizumab

PF-06439535=bevacizumab-bvzr; US=US-licensed Avastin; EU=EU-approved bevacizumab
Source:  FDA CMC statistical review
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Table 6: Summary of Descriptive Statistics for VEGF165 Binding Activity of EU-approved 
bevacizumab, PF-06439535, and US-licensed Avastin

Pfizer=bevacizumab-bvzr; Avastin=US-licensed Avastin; EU=EU-approved bevacizumab
Source:  FDA Product Quality review

Relative potency of binding activity for VEGF121, VEGF165, VEGF189, and VEGF206 also showed 
similar EC50 results among the three products for all four VEFGA isoforms.

In summary, the comparison of VEGF A binding for bevacizumab-bvzr and US-licensed Avastin 
met the pre-specified criteria for statistical equivalence, supporting a conclusion that 
bevacizumab-bvzr is highly similar to US-licensed Avastin. In addition, statistical evaluation of 
VEGF A binding for the three pairwise comparisons of bevacizumab-bvzr, US-licensed Avastin 
and EU-approved bevacizumab met the criteria for statistical equivalence and supports the 
establishment of the analytical component of the scientific bridge to support the relevance of 
data generated from the studies conducted using EU-approved bevacizumab as the comparator.

HUVEC Assay Results
Ten bevacizumab-bvzr lots (2 DS batches and 8 DP lots), 46 US-licensed Avastin lots, and 43 EU-
approved bevacizumab lots were used for equivalence testing for percent relative potency as 
assessed by the Inhibition of Cell Growth Assay.  Human umbilical vein endothelial cells (HUVEC) 
that express VEGF receptors, VEGFR1 and VEGFR2 on the cell surface were used in this assay. 
The VEGFA165 isoform was used as the ligand. Equivalency testing was applied to the results. 
The  three pairwise comparisons (bevacizumab-bvzr to US-licensed Avastin, bevacizumab-bvzr to 
EU-approved bevacizumab, and EU-approved bevacizumab to US-licensed Avastin) met the pre-
specified equivalence acceptance criteria.

Table 7: Summary of Equivalence Testing for Inhibition of Cell Growth Activity (% Relative Potency) 

Source:  FDA CMC statistical review

Relative Potency (%)

Region N Mean SD CV (%) Min Max

EU 27 101 6.6 6.5 89 114

Pfizer* 10 103 9.6 9.3 90 115

Avastin 25 106 8.0 7.6 89 119
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Table 8:  Summary of Descriptive Statistics for Inhibition of Cell Growth Activity using bevacizumab-
bvzr and Bevacizumab-EU Independent Lots

Relative Potency (%)

Region N Mean SD CV (%) Min Max

EU 43 103 9.7 9.4 87 127

Pfizer 10 98 6.9 7.1 85 106

US 46 101 10.0 9.9 84 125

N = sample size, SD = standard deviation, CV = coefficient of variation, Min = minimum, Max = maximum
Source:  FDA Product Quality review

In summary, the comparison of the Inhibition of Cell Growth Assay results for bevacizumab-bvzr 
and US-licensed Avastin met the pre-specified criteria for statistical equivalence, supporting a 
conclusion that bevacizumab- bvzr is highly similar to US-licensed Avastin. In addition, statistical 
evaluation of VEGFA binding for the three pairwise comparisons of bevacizumab-bvzr, US-
licensed Avastin, and EU-approved bevacizumab met the criteria for statistical equivalence, 
which supports the establishment of the analytical component of the scientific bridge to support 
the relevance of data generated from studies conducted using EU-approved bevacizumab as the 
comparator.

Similarity of Other Quality Attributes
The amino acid sequences of bevacizumab-bvzr and US-licensed Avastin are identical. Numerous 
additional quality attributes, including higher order structure, Fc (effector) binding and function, 
and other structural/functional characteristics were assessed by quality range analysis and by 
qualitative comparisons. The results of these comparisons also support a demonstration that 
bevacizumab-bvzr is highly similar to US-licensed Avastin, notwithstanding minor differences in 
clinically inactive components. The following minor differences in structural or functional activity 
were evaluated to determine if their effects are clinically significant.

 Because the original BLA lacked method qualification data for the surface plasmon 
resonance (SPR) method used to evaluate FcγRIIIa binding and used a single lot of each 
product, the Product Quality reviewers could not initially conclude that the three products 
had similar binding affinities to FcγRIIIa.  The Product Quality review team requested that 
Pfizer perform a binding affinity analysis evaluated by quality ranges because of the 
existence of the membrane bound form of VEGFA and the potential safety concern due to 
differences in effector functions. In response to FDA’s request, Pfizer provided data 
evaluating binding to FcγRIIIa (158F and 158V variants) by SPR and analyzed the data using 
quality ranges.  A total of 5 lots of bevacizumab-bvzr, US-licensed Avastin, and EU-approved 
bevacizumab each were evaluated for FcγRIIIa 158V variant and 10 lots each for FcγRIIIa 
158F variant.  The mean percent KD results for FcγRIIIa (158V) were 106, 102, and 100 and 
for FcγRIIIa (158F) were 104, 114, and 109 for bevacizumab-bvzr, EU-approved bevacizumab, 
and US-licensed Avastin, respectively.  Statistical analysis showed that bevacizumab-bvzr falls 
within US-licensed Avastin quality ranges of 71-129% for FcγRIIIa 158V and 88- 129% , 
determined using the mean ± 3SD of US-licensed Avastin lots.  Unlike FcγRIIIa 158V binding, 
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the FcγRIIIa 158F binding showed a correlation with the level of afucosylation.  The scatter 
plots of FcγRIIIa (158V and 158F) binding are shown below.

Figure 1 FcγRIIIa 158V Binding by SPR Figure 2 FcγRIIIa 158F Binding by SPR

Source:  FDA CMC review

The Product Quality reviewers found this response to be acceptable to support a conclusion 
that the three products had similar binding affinities to FcγRIIIa.

 Bevacizumab-bvzr lots had higher levels of afucosylation, terminal galactosylation, and high 
mannose content and failed to meet US-licensed Avastin quality ranges.  Minor differences 
in galactosylation and afucosylation were determined to have no clinical importance in 
FcγRIIIa binding studies and analyses of ADCC and CDC activity. Bevacizumab-bvzr contains 
higher levels of high mannose content compared to US-licensed Avastin and EU-approved 
bevacizumab. Higher levels of high mannose glycans can result in faster clearance of product 
in vivo and therefore affect the PK of the product. The amounts and difference in high 
mannose were within ranges identified in the literature2 as not having an impact on PK on 
various monoclonal antibodies studied. Therefore, the Product Quality review team 
concluded that the higher mannose level found in bevacizumab-bvzr was unlikely to result in 
a difference in the pharmacokinetic profile of bevacizumab-bvzr compared to US-licensed 
Avastin and EU-approved bevacizumab. The product quality team also conferred with the 
clinical pharmacology reviewers and determined that the PK data in this BLA are consistent 
with these conclusions.      

 Sialic acid content was also higher in bevacizumab-bvzr lots compared to US-licensed Avastin 
and EU-approved bevacizumab; however, because the difference was less than 1%, the 
Product Quality reviewers considered this increase to be unlikely to impact the PK 
comparison to FcRn binding.  Additionally, characterization of the sialic acid detected only N-
acetylneuraminic acid-containing structures, which is the predominant species in 

2 Goetze, A.M. et al 2011 Glycobiology 21: 949-59
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mammalian cells, which would have a lower risk for immunogenicity compared to the N-
glycolylneuraminic acid.

 Minor differences in aggregates and fragments were determined not to be clinically 
significant as assessed by orthogonal methods verifying a low rate of aggregates and 
fragments between all three products that did not alter pharmacokinetics and were unlikely 
to alter the toxicity profile.  

 Finally, minor differences in basic charge variants resulting from differences in C-terminal 
lysine residues were deemed acceptable because they do not impact safety and efficacy (the 
Lys residue is typically cleaved off in the peripheral circulation).

Analytical Similarity Summary
In summary, the Product Quality reviewers from the Office of Biotechnology Products (OBP) and 
Office of Biostatistics (OB) have evaluated the analytical similarity of bevacizumab-bvzr, US-licensed 
Avastin, and EU-approved bevacizumab and have determined that bevacizumab-bvzr is highly similar 
to US-licensed Avastin, notwithstanding minor differences in clinically inactive components. 
Additionally, Pfizer provided an adequate analysis for the purpose of establishing the analytic 
component of the scientific bridge between bevacizumab-bvzr, US-licensed Avastin, and EU-approved 
bevacizumab to support the relevance of the comparative data generated from studies using EU-
approved bevacizumab , as the comparator to the assessment of biosimilarity of bevacizumab-bvzr to 
US-licensed Avastin.  Reviewers from OBP and the Office of Process and Facilities (OPF) have reviewed 
the product quality and manufacturing aspects of bevacizumab-bvzr and determined that the 
submitted data are adequate to support approval from a product quality perspective. 

4. Nonclinical Pharmacology/Toxicology

The nonclinical review was completed by Dr. Emily Wearne with Dr. Whitney Helms as the nonclinical 
team lead and Dr. John Leighton as the signatory for the Division of Hematology Oncology Toxicology.

The pharmacology and toxicology studies submitted in support of the BLA included in vitro 
pharmacology studies comparing the functional and binding properties of bevacizumab-bvzr, US-
licensed Avastin, and EU-approved bevacizumab, were reviewed in detail by the Product Quality 
review team.  The nonclinical reviewers concurred with the findings of the Product Quality 
review team that bevacizumab-bvzr, US- licensed Avastin, and EU-approved bevacizumab 
exhibited similar in vitro inhibition of VEGF-induced human umbilical vein endothelial cell 
(HUVEC) proliferation; binding to human VEGF165/VEGF121/VEGF189/VEGF206, C1q, FcγR 
receptors, and FcRn. Bevacizumab-bvzr also exhibited a lack of ADCC and CDC activity, as 
expected based on a similar lack of activity with Avastin. Based on the results from these in vitro 
comparative pharmacology studies, Pfizer did not conduct in vivo pharmacology studies with 
bevacizumab-bvzr.
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Pfizer compared the nonclinical toxicity and toxicokinetics of bevacizumab-bvzr and EU-
approved bevacizumab in a GLP-compliant 1-month repeat-dose toxicology study in sexually and 
skeletally immature male cynomolgus monkeys. Twice weekly intravenous (IV) administration of 
10 mg/kg bevacizumab-bvzr or EU-approved bevacizumab resulted in minimal to moderate 
physeal dysplasia in the growth plate of the distal femur, an expected pharmacologic response. 
The incidence and severity of physeal dysplasia was similar between bevacizumab-bvzr and EU-
approved bevacizumab. Overall, there were no biologically significant differences in toxicity, 
toxicokinetics, or immunogenicity between bevacizumab-bvzr and EU-approved bevacizumab. 
Anti-drug antibodies (ADA) were not detected in monkeys dosed with bevacizumab-bvzr or EU-
approved bevacizumab. The nonclinical review team concluded that Pfizer provided an 
acceptable scientific bridge based on comparative analytical and PK similarity data between 
bevacizumab-bvzr, US-licensed Avastin, and EU-approved bevacizumab to justify the relevance 
of the results from the 1-month toxicology study using a non-US-licensed comparator (EU-
approved bevacizumab).

Pfizer also conducted a GLP-compliant 2-week repeat dose non-comparative toxicology study in 
Sprague-Dawley rats investigating twice weekly IV administration of 0, 15, or 150 mg/kg 
bevacizumab-bvzr.  There were no mortalities in this study and the only evidence of potential 
non-target-mediated toxicity was increased mean liver weight at the high dose level that 
correlated histologically with sinusoidal cell hyperplasia.  

Both animal studies also employed the intended clinical formulation of bevacizumab-bvzr, which 
includes compendial excipients not included in US-licensed Avastin or EU-approved 
bevacizumab, including a high level of succinic acid. The nonclinical review team determined 
that because the level of succinic acid delivered to rats in the bevacizumab-bvzr drug product 
exceeded the level of succinic acid that patients will receive clinically with bevacizumab-bvzr, 
reasonable toxicological coverage was provided for this concentration considering that succinic 
acid is an endogenous substance that is a component of the Krebs cycle and it occurs widely as a 
natural constituent of plants and animals consumed orally at high levels as food by humans.

The nonclinical review team concluded that the nonclinical data suggest that bevacizumab-bvzr 
had similar in vitro activity and in vivo toxicity, pharmacokinetics/pharmacodynamics (PK/PD), 
and immunogenicity as bevacizumab, supporting a demonstration of biosimilarity.  There are no 
outstanding pharmacology/toxicology issues that preclude approval of this BLA.

5. Clinical Pharmacology
The clinical pharmacology review was completed by Dr. Theingi Thway and Dr. Olanrewaju 
Okusanya, with Dr. Brian Booth as the signatory for the Office of Clinical Pharmacology.  

Two clinical studies were conducted to support the application; these were a single-dose PK 
similarity study in healthy male volunteers (Study B7391001) and a multinational comparative 
clinical study in patients with advanced NSCLC (Study B7391003)
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The clinical pharmacology program for this BLA served the following key purposes:
 To evaluate the PK similarity between bevacizumab-bvzr and US-licensed Avastin 

(Study B7391001)
 To provide the PK component of the scientific bridge between bevacizumab-bvzr and US-

licensed Avastin and EU-approved bevacizumab (Study B7391001)
 To provide information on immunogenicity in patients receiving platinum-based 

chemotherapy for the first-line treatment of NSCLC (Study B7391003).

Study B7391001 was a randomized, double-blind, parallel-group, single-dose, 3-arm 
comparative pharmacokinetic study of bevacizumab-bvzr, US-licensed Avastin, and EU-
approved bevacizumab administered to healthy male volunteers.  The clinical pharmacology 
review team considered this study adequate to demonstrate PK similarity because:
 A single IV dose of bevacizumab can be safely administered to healthy subjects who are 

likely to have less PK variability due to population homogeneity, including less variability in 
VEGF levels and absence of tumor burden which could affect PK of bevacizumab;

 A parallel group study design is recommended for PK similarity of products with long half-
lives and the half-life of bevacizumab is 20 days; and 

 Considering PK method sensitivity, dose-exposure linearity, and tolerability, a single IV dose 
of 5 mg/kg bevacizumab was considered appropriate for a PK similarity study.

Study B7391003 was considered adequate to assess the immunogenicity risk between 
bevacizumab-bvzr and EU-approved bevacizumab. Pfizer established a scientific bridge between 
bevacizumab-bvzr, US-licensed Avastin and EU-approved bevacizumab to justify the use of EU-
approved bevacizumab as a comparator in this study.

In Study B7391001 , the three pairwise comparisons of bevacizumab-bvzr with US-licensed 
Avastin, bevacizumab-bvzr with EU-approved bevacizumab, and EU-approved bevacizumab 
with US-licensed Avastin met the pre-specified acceptance criteria for PK similarity.  The 90% 
confidence intervals (CI) for the ratios of geometric mean of AUC0-inf and AUClast for all three 
pair-wise comparisons of the pre-specified PK endpoints were within the pre-specified interval 
of 80% to 125%. Therefore, these data 1) establish PK similarity of bevacizumab-bvzr and US-
licensed Avastin and 2) establish the PK component of the scientific bridge to support the 
relevance of data generated from studies using EU-approved bevacizumab as the comparator 
to the assessment of biosimilarity.

The immunogenicity results from Study B7391003 showed a similar incidence of ADA formation 
between patients with NSCLC who received bevacizumab-bvzr and those who received EU-
approved bevacizumab. The data indicates that there is a similar risk of ADA development with 
bevacizumab-bvzr and EU-approved bevacizumab. 

In conclusion, the Office of Clinical Pharmacology determined that an adequate PK component 
of the scientific bridge has been established between bevacizumab-bvzr, US-licensed Avastin 
and EU-approved bevacizumab.  The Office of Clinical Pharmacology concluded that the PK and 
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immunogenicity results support a demonstration of no clinically meaningful differences 
between bevacizumab-bvzr and US-licensed Avastin; these results add to the totality of the 
evidence to support a demonstration of biosimilarity of bevacizumab-bvzr and US-licensed 
Avastin.  

6. Clinical Microbiology

Not applicable.  Please refer to Section 3 of this review for product quality microbiology 
information.  

7. Clinical/Statistical-Efficacy

The joint clinical/statistical review was completed by Dr. Sandra Casak (clinical reviewer), Dr. 
Martha Donoghue (clinical team leader), Dr. Haiyan Cen (statistical reviewer) and Dr. Pallavi 
Mishra-Kalyani statistical team leader).  

Pfizer conducted a single comparative clinical study, Study B7391003.  Study B7391003  was a 
randomized (1:1), double-blind, parallel-group study comparing the efficacy and safety of 
bevacizumab-bvzr with EU-approved bevacizumab in patients with histologically confirmed 
unresectable, locally advanced, recurrent or metastatic non-squamous non-small cell lung 
cancer (NSCLC) receiving first-line platinum-based chemotherapy for metastatic or recurrent 
disease.  For patients with recurrent disease, at least 6 months must have elapsed since 
completing adjuvant chemotherapy.  Key eligibility criteria also included ECOG performance 
status of 0 or 1 and measurable disease.  Randomization was stratified by geographic region 
(based on location of the drug depot supplying the site; America and Western Europe vs. 
Eastern Europe vs. Other), sex (male vs. female), and smoking history (never vs. ever) Patients 
were randomized to receive bevacizumab-bvzr or EU-approved bevacizumab 15 mg/kg 
administered by intravenous infusion on Day 1 of each 21-day cycle until disease progression or 
unacceptable toxicity.  The patient and investigator were masked to treatment assignment.  All 
patients received open-label carboplatin intravenously AUC6 and paclitaxel 200 mg/m2 IV on 
Day 1 of each 21-day cycle for 4 to 6 cycles.

The primary endpoint of Study B7391003  was overall response rate (ORR) at Week 19 based on 
investigator assessment according to RECIST 1.1 and which was subsequently confirmed by a 
follow-up tumor assessment by Week 25.  The primary endpoint of ORR was based on Pfizer’s 
derived best overall response (BOR) using tumor measurements reported by the investigator in 
the CRF.  Secondary endpoints included duration of response (DOR), progression-free survival 
(PFS), and PFS rate at Week 25 and 1 year, and overall survival (OS) and OS rate at Week 25 and 
1 year.  Peak and trough concentrations of bevacizumab-bvzr and EU-approved bevacizumab at 
selected cycles and the incidence of ADA, including neutralizing antibodies, were also assessed.
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The planned sample size of 710 patients was based on the following assumptions: 85% power 
to demonstrate that the 90% confidence intervals (CI) for the risk ratio of ORR between 
bevacizumab-bvzr and EU-approved bevacizumab fell within the prespecified margins of 0.73 
and 1.37 with an overall type I error of 0.05, assuming that the ORR was 38% in both the 
bevacizumab-bvzr and EU-approved bevacizumab arms. 

The margin was selected based on the results of a meta-analysis combining Studies E4599, 
AVAiL, and JO19907 (Sandler 2006, Johnson 2004, and Niho 2012 respectively). The ORR for 
bevacizumab, carboplatin and paclitaxel was estimated to be approximately 41% based on a 
fixed effect model and the response rate to carboplatin and paclitaxel (chemotherapy) alone 
was estimated to be 21% based on the fixed model. The relative risk (RR) was estimated to be 
2.17 (95% CI 1.74, 2.70). The margin (0.73, 1.37) maintained 43% of the effect size of the lower 
bound 95% CI of the effect size based on the historical ORR in the meta-analysis treatment 
estimate for bevacizumab and chemotherapy as compared to chemotherapy alone based on a 
log scale (or about 50% on the linear scale).

The Office of Scientific Investigations (OSI) was consulted to conduct routine inspection of four 
foreign clinical sites that enrolled patients in Study B7391003. Although 9 US centers were open 
for enrollment, only 11 patients enrolled across these centers.  Foreign sites were selected 
based on number of patients enrolled, efficacy results,  and feasibility of the inspections.  The 
inspections found the clinical sites to be in compliance with Good Clinical Practices and were 
without major deficiencies. The final compliance classification for these inspections is No Action 
Indicated (NAI).

Results
A total of 719 patients were randomized, 358 to the bevacizumab-bvzr arm and 361 to the EU-
approved bevacizumab arm.  The study was initiated in November 2013 and the last patient 
completed treatment in July 2015. Patients were enrolled in 159 centers and 87% of the centers 
enrolled fewer than 10 patients.  Twenty four percent (176) of patients were enrolled in Russia 
and 21% (152) were enrolled in Ukraine.  Demographic characteristics were well balanced 
between arms (Table 9). The study population is similar to the studies used for the calculation 
of the bevacizumab historical effect, with the exception of enrollment of a higher proportion of 
Asian patients.  

Table 9: Demographic Characteristics of Study B7391003 

Characteristics PF-06439535 (n:358)
N (%)

EU-approved bevacizumab 
(n:361);  N (%)

Male
Female

237 (66)
121 (34)

230 (64)
131 (36)

Mean age (SD)
Median age (range)
Patients ≥65 y.o.

61.7 (9.5)
62 (25-87)
141 (39)

60.9 (8.9)
61 (31-83)
122 (34)
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Characteristics PF-06439535 (n:358)
N (%)

EU-approved bevacizumab 
(n:361);  N (%)

White
Asian
Other

319 (89)
36 (10)

3 (1)

319 (88)
40 (11)

2 (1)
America and Western Europe
Eastern Europe
Other

140 (39)
164 (46)
54 (15)

135 (37)
164 (45)
62 (17)

The ORR based on Pfizer’s derived best overall response (BOR) using tumor measurements as 
reported by the investigator in the case report form (CRF) was 45.3% (95% CI:40.0%, 50.6% ) in 
the bevacizumab-bvzr arm and 44.6% (95% CI:39.7%, 49.9%) in the EU-approved bevacizumab 
arm.  The estimated unstratified risk ratio (RR) for ORR was 1.01 (bevacizumab-bvzr versus EU-
approved bevacizumab) with a 90% CI of (0.89, 1.16), which fell within the pre-specified 
similarity margin of (0.73, 1.37) and FDA’s recommended margin of (0.73; 1.36). 

FDA analyses conducted with investigator-assessed ORR as the primary endpoint yielded similar 
results.  Per FDA’s analysis, the ORR based on investigator-assessment was 45.5% (95% 
CI:40.3%, 50.9% ) in the bevacizumab-bvzr arm and 44.9% (95% CI:39.7%, 50.2%) in the EU-
approved bevacizumab arm.  The estimated unstratified risk ratio (RR) for ORR was 0.99, with a 
90% CI of (0.88, 1.10), which also fell within the pre-specified similarity margin of (0.73, 1.37) 
and FDA’s recommended margin of (0.73; 1.36). 

The results were similar in various secondary and sensitivity analyses of the primary endpoint, 
including the ORR based on the randomization stratification factors and the per protocol 
population.  Median durations of response among responding patients, a secondary endpoint, 
were 8.3 months (95% CI: 7.3; 10) and 6.6 months (95% CI 6.2; 8.3) in the bevacizumab-bvzr 
and EU-approved bevacizumab arms, respectively.  Exploratory comparisons of PFS and OS 
between the bevacizumab-bvzr and EU-approved bevacizumab arms yielded hazard ratios of 
0.93 (95% CI: 0.78,1.12) and 0.92 (95% CI: 0.73, 1.16), respectively.

8. Safety

The primary safety data were derived from the single comparative clinical study, Study 
B7391003 .  The relevance of this safety data was based on the scientific bridge established 
between bevacizumab-bvzr, US-licensed Avastin and EU-approved bevacizumab.  In Study 
B7391003 , at total of 356 patients received bevacizumab-bvzr 15 mg/kg every 21 days in 
combination with 4 to 6 cycles of platinum-doublet chemotherapy and 358 patients received 
EU-approved bevacizumab at the same dose and schedule in combination with 4 to 6 cycles of 
platinum-doublet chemotherapy.  Investigators were permitted to continue the assigned 
bevacizumab product (either EU-approved bevacizumab or bevacizumab-bvzr) after completion 
of chemotherapy until RECIST 1.1 defined disease progression, unacceptable toxicity, discretion 
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of the investigator, regulatory request, death, withdrawal of consent occurs, or the “end of 
trial” as defined in the protocol. This was supported by the results of safety in the 
pharmacokinetic similarity study, Study B7391001 , in which 33 healthy male volunteers 
received a single 5 mg/kg dose of bevacizumab-bvzr, 35 healthy male volunteers received a 
single 5 mg/kg dose of EU-approved bevacizumab and 33 healthy male volunteers received a 
single 5 mg/kg dose of US-licensed Avastin.

Safety Summary
There were no clinically significant differences in the incidence of overall adverse events, 
serious adverse events (SAE, as defined in 21 CFR 312.32), severe or life-threatening adverse 
events (Grade 3 or 4 events per National Cancer Institute Common Terminology Criteria for 
Adverse events (NCI CTCAE) between arms.  These results are shown in the table below, 
abstracted from Dr. Casak’s clinical review.

Table 10:  Major Safety Results Study B7391003 

The rates of discontinuation of bevacizumab, carboplatin, and paclitaxel were also similar 
between the treatment arms.  Bevacizumab products were discontinued early in 39 (11%) 
patients in the bevacizumab-bvzr arm and 33 (9%) patients in the EU-approved bevacizumab 
arm.  A total of 43 (12%) patients in the bevacizumab-bvzr arm and 48 (13%) patients in the EU-
approved bevacizumab arm discontinued both carboplatin and paclitaxel early due to AEs.  A 
total of 6 patients in the bevacizumab-bvzr arm and 7 patients in the EU-approved bevacizumab 
arm discontinued carboplatin or paclitaxel due to AEs.  

Additionally, there were no clinically significant differences in the types of adverse events by 
system organ class (SOC) between arms in Study B7391003 , as shown in the table below, from 
Dr. Casak’s Review.
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Table 11:  Adverse Events by System Organ Class in Study B7391003 

PF-06439535
n:356
N (%)

EU-approved bevacizumab
 n: 358 
N (%)

MedDRA System Organ Class 

All Grades Grade 3-4 All Grades Grade 3-4
Skin and subcutaneous tissue 177 (50) 2 (1) 181 (51) 0
Nervous system 167 (47) 8 (2) 177 (49) 11 (3)
Blood and lymphatic system 138 (39) 47 (13) 158 (44) 58 (16)
Gastrointestinal disorders 135 (38) 6 (2) 134 (37) 12 (3)
General disorders and administration site 126 (35) 17 (5) 119 (33) 16 (4)
Musculoskeletal and connective tissue 110 (31) 7 (2) 121 (34) 4 (1)
Respiratory 105 (29) 13 (4) 106 (30) 16 (4)
Investigations 100 (28) 18 (5) 87 (24) 18 (5)
Metabolism and nutrition 59 (17) 17 (5) 66 (18) 9 (3)
Infections and infestations 55 (15) 13 (4) 62 (17) 20 (6)
Vascular 52 (15) 27 (8) 55 (15) 20 (6)
Renal and urinary 24 (7) 3 (1) 26 (7) 2 (1)
Injury, poisoning and procedural complications 19 (5) 1 (<1) 27 (8) 2 (1)
Cardiac 16 (4) 3 (1) 17 (5) 4 (1)
Psychiatric 11 (3) 1 (<1) 23 (6) 0
Eye 7 (2) 0 6 (2) 1
Ear and labyrinth 5 (1) 0 3 (1) 0
Neoplasms 4 (1) 1 (<1) 3 (1) 2 (1)
Reproductive system 3 (1) 0 1 (<1) 0
Hepatobiliary 1 (<1) 1 4 (1) 0
Immune system 1 (<1) 0 5 (1) 1 (<1)

Immunogenicity Summary
The immunogenicity, as assessed by incidence of ADA formation, of bevacizumab-bvzr and EU-
approved bevacizumab was primarily assessed in Study B7391003 .  The results indicate similar 
rates of treatment-emergent ADA for bevacizumab-bvzr (7.4%) and EU-approved bevacizumab 
(6.0%).  FDA determined that based on Pfizer’s ADA assessment which included the specific 
assay capabilities for detection of ADAs, the results observed from Study B7391003, and what is 
publicly known about the incidence and nature of both ADAs and neutralizing ADAs to 
bevacizumab, that an evaluation of neutralizing ADAs was not necessary to further inform the 
immunogenicity assessment of bevacizumab-bvzr.

Among the 352 patients with pre-dose data in the bevacizumab-bvzr arm, there was no 
apparent impact on PK observed among the 25 patients with treatment-emergent ADA as 
compared to the 327 patients without treatment-emergent ADA.  Therefore, the data together 
with the scientific bridge established to justify the relevance of the data generated using EU-
bevacizumab as the comparator, support a demonstration of no clinically meaningful 
differences between bevacizumab-bvzr and US-licensed Avastin.
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Summary
There were no new safety signals identified with bevacizumab-bvzr and there were no clinically 
meaningful differences in the adverse reaction profile observed in Study B7391003  between 
bevacizumab-bvzr and EU-approved bevacizumab; based on the scientific bridge established 
between bevacizumab-bvzr, US-licensed Avastin, and EU-approved bevacizumab, there are no 
clinically meaningful differences in the safety profile of bevacizumab-bvzr and US-licensed 
Avastin.

9. Advisory Committee Meeting

This application was not referred to the Oncologic Drugs Advisory Committee (ODAC) as no new 
review issues were identified that would require input from the Committee and the approaches 
to analysis of data supporting biosimilarity of bevacizumab-bvzr to US-licensed Avastin are 
similar to those discussed in a prior meeting for another bevacizumab product.3 

10. Pediatrics

FDA determined at this time that no pediatric studies will be required under the Pediatric 
Research Equity Act (PREA) for this BLA. Refer to the June 27, 2019 memo to file.  

11. Other Relevant Regulatory Issues

There are no unresolved regulatory issues.

12. Labeling

Proprietary name:  FDA found the proposed proprietary name, ZIRABEV, to be conditionally 
acceptable.  FDA informed Pfizer of this determination in a letter dated December 11, 2018.

Non-proprietary name:  On June 29, 2019, Pfizer submitted a list of 10 suffixes, in order of 
preference, to be used in the non-proprietary name for their bevacizumab product.  Pfizer also 
provided findings from an external study conducted by  evaluating the 
proposed four-letter suffixes in conjunction with the nonproprietary name, for FDA 
consideration.  FDA found the first proposed suffix,” -  unacceptable because  

this is inconsistent with the requirement 
that the suffix be devoid of meaning, as described in FDA’s final guidance, entitled “Guidance 

3  The Oncologic Drugs Advisory Committee (ODAC) met on July 13, 2017 to discuss the data supporting another 
biosimilar application for a bevacizumab product and the scientific justification for extrapolating the conclusion of 
no clinically meaningful differences between the bevacizumab biosimilar candidate and US-licensed Avastin to 
other indications for which US-licensed Avastin is approved.
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for Industry: Nonproprietary Naming of Biological Products.”4  FDA found the second proposed 
suffix, “-bvzr”, conditionally acceptable.  FDA informed Pfizer that the nonproprietary name 
“bevacizumab-bvzr” was conditionally acceptable in a letter dated April 4, 2019.  

Product Labeling:  Product labeling was modified for consistency with the FDA-approved 
package insert for US-licensed Avastin except for product-specific descriptions of ZIRABEV 
(bevacizumab-bvzr).  Of note, during review of this BLA, FDA conducted an assessment of 
product labeling for all drugs and biological products that inhibit the VEGF pathway (as 
described in Section 12.1 of labeling), noting variation between product labeling with regard to 
inclusion of a Boxed Warning for serious hemorrhagic adverse reactions and wound healing 
complications, including gastrointestinal perforation and visceral fistula formation, despite an 
apparent similar rate of the risks of gastrointestinal perforation, surgery and wound healing 
complications, and hemorrhage across all of these drugs and biological products.  FDA 
determined that a boxed warning describing these risks was not needed for drugs and 
biological products that inhibit the VEFG pathway given that there is no evidence that the lack 
of a boxed warning exposes patients receiving these drug to greater risk based on post-
marketing safety reporting and that these risks are well-understood by healthcare providers.  A 
labeling supplement removing the boxed warning from Avastin product labeling was approved 
on June 20, 2019.  As a result, Zirabev product labeling does not contain a boxed warning; 
instead, the risks of gastrointestinal perforation, surgery and wound healing complications, and 
hemorrhage are conveyed in Section 5 (Warnings and Precautions), with dose modification 
instructions for these adverse reactions in Section 2 (Dosage and Administration).

Carton and Container Labeling:  Modifications were incorporated to enhance readability, 
clarity, and consistency of the container and carton labeling.  The route of administration 
statement was revised from  to “For Intravenous Infusion After Dilution”.

13. Decision/Action/Risk-Benefit Assessment

 Regulatory Action: The action on this biologics license application will be approval.

 Assessment of Biosimilarity

Multiple quality attributes, including primary and higher order structure, Fc (effector) 
function, and other structural/functional characteristics were assessed by quality range 
analysis and by qualitative comparisons. Some of these assessments employed testing with 
orthogonal methods. Comparative assessment of VEGFA binding and inhibition of cell-based 

4 http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM459987.pdf
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proliferation in a HUVEC assay for bevacizumab-bvzr and US-licensed Avastin met statistical 
equivalence criteria. These comparative assessments of quality attributes support a finding 
that bevacizumab-bvzr is highly similar to US-licensed Avastin, notwithstanding minor 
differences in clinically inactive components.

In Study B7391001 , the comparison of pharmacokinetic data between bevacizumab-bvzr 
and US-licensed Avastin met the acceptance criteria for PK similarity (90% confidence 
intervals for the ratios of geometric mean of AUCinf, AUClast, and Cmax within the interval of 
80% to 125%). The incidence of immunogenicity for bevacizumab-bvzr and EU-approved 
bevacizumab was primarily assessed in Study B7391003 . The results indicate similar rates 
of treatment-emergent anti-drug antibodies (ADA) for bevacizumab-bvzr (7.4%) and EU-
approved bevacizumab (6.0%) and there was no apparent impact on safety, activity, or PK 
observed among the 25 patients with treatment-emergent ADA.

Comparative assessment of analytical similarity data and pharmacokinetic similarity data 
between bevacizumab-bvzr and US-licensed Avastin, bevacizumab-bvzr and EU-approved 
bevacizumab, and US-licensed Avastin and EU- approved bevacizumab provided an 
adequate scientific bridge which support the relevance of comparative data generated from 
studies using EU-approved bevacizumab as the comparator to the assessment of  
biosimilarity of bevacizumab-bvzr to US-licensed Avastin. Therefore the  comparative 
assessments of clinical efficacy, safety, and immunogenicity data from Study B7391003  in 
patients with NSCLC randomized to either bevacizumab-bvzr or EU-approved bevacizumab 
in combination with first-line chemotherapy support a finding that there are no clinically 
meaningful differences between bevacizumab-bvzr and US-licensed Avastin in terms of the 
safety, purity and potency.

Extrapolation
Pfizer sought licensure for multiple indications for which US-licensed Avastin is approved 
(mCRC, NSCLC, glioblastoma, mRCC, and cervical cancer) based on a development program 
that included data from a comparative clinical study in patients with NSCLC. Pfizer is not 
seeking approval for approved indications for US- licensed Avastin that are protected by 
orphan drug exclusivity. Pfizer provided a scientific justification to support extrapolation of 
the finding of biosimilarity to other conditions of use.

FDA has determined that it may be appropriate for a biosimilar product to be licensed for 
one or more conditions of use (e.g., indications) for which the reference product is licensed, 
based on data supporting a demonstration of biosimilarity, including data from clinical 
study(ies) performed for another condition of use. As described in the Guidance for Industry 
“Scientific Consideration in Demonstrating Biosimilarity to a Reference Product” (April 
2015), if a biological product meets the statutory requirements for licensure as a biosimilar 
product under section 351(k) of the PHS Act based on, among other things, data derived 
from a clinical study or studies sufficient to demonstrate safety, purity, and potency in an 
appropriate condition of use, the applicant may seek licensure of the proposed product for 
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one or more additional conditions of use for which the reference product is licensed.

The applicant for a proposed biosimilar needs to provide sufficient scientific justification for 
extrapolation, which should address, for example, the following issues for the tested and 
extrapolated conditions of use:
a. The mechanism(s) of action (MOA), if known or can reasonably be determined, in each 

condition of use for which licensure is sought,
b. The pharmacokinetics (PK) and bio-distribution of the product in different patient 

populations,
c. The immunogenicity of the product in different patient populations,
d. Differences in expected toxicities in each condition of use and patient population,
e. Any other factor that may affect the safety and efficacy of the product in each condition 

of use and patient population for which licensure is sought.

Differences between conditions of use with respect to the factors addressed above do not 
necessarily preclude extrapolation.

The primary mechanism of action (MOA) of bevacizumab is through inhibition of the binding 
of soluble VEGF A ligand to Flt-1 [VEGFR-1] and KDR [VEGFR-2]) receptors on endothelial 
cells, inhibiting signal transduction and resulting in regression of tumor vascularization, 
normalization of remaining tumor vasculature, and inhibition of the formation of new 
tumor vasculature, thereby inhibiting tumor growth. Pfizer submitted an extensive analysis 
of the role of VEGFA and VEGFR1/2 inhibition in each one of the indications for which 
licensure is sought. FDA agrees that there is no evidence to support claims of differences in 
MOA across the indications for which licensure is sought.

The PK profile of “bevacizumab” across doses ranging from 0.1 mg/kg to 10 mg/kg was 
assessed in multiple dose escalation/dose finding studies conducted in patients with various 
solid tumors (Gordon 2001; Margolis 2001, EMA 2006, Herbst 2008, Han 2016). The PK 
properties of US-licensed Avastin across approved indications appear similar. Additionally, 
FDA considers that Study B7391001  adequately demonstrated pharmacokinetic similarity 
among bevacizumab-bvzr, US-licensed Avastin, and EU-approved bevacizumab. Since PK 
similarity was demonstrated between bevacizumab-bvzr and US-licensed Avastin, a similar 
PK profile would be expected for bevacizumab-bvzr in patients across the indications being 
sought for licensure.

Factors affecting the immunogenicity of US-licensed Avastin have not been evaluated; 
however, as with other immunogenic proteins, the incidence of immunogenicity may be 
affected by the use of concomitant myelosuppressive chemotherapeutic agents and the 
extent of such prior therapy. The immunogenicity of US-licensed Avastin as reported in 
product labeling (0.6% in a population receiving adjuvant chemotherapy following surgical 
resection of colorectal cancer) is based on data obtained from a population with less 
cumulative exposure to myelosuppressive chemotherapeutic agents and may be higher 
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than that observed in the approved indications for US-licensed Avastin (and thus the 
indications being sought by Pfizer for bevacizumab-bvzr). The immunogenicity of 
bevacizumab-bvzr observed in Study B7391003  was similar to that observed with EU-
approved bevacizumab.

The expected adverse reactions of bevacizumab are well characterized and summarized in 
product labeling for US-licensed Avastin. The variation in the incidence of specific adverse 
reactions across indications as reported in product labeling for US-licensed Avastin result 
from differential risks based on the underlying disease (e.g., the incidence of hypertension 
is higher in patients with RCC; the incidence of hemoptysis is higher in patients with NSCLC) 
since the PK profile appears to be similar across indications. In Study B7391003 , the type 
and incidence of treatment-emergent adverse reactions of bevacizumab were similar for 
bevacizumab-bvzr and EU-approved bevacizumab and no new safety signals were identified 
with bevacizumab-bvzr.  When taken together, these data indicate that in terms of the 
safety profile, no clinically significant differences are predicted between bevacizumab-bvzr 
and US-licensed Avastin for the indications for which licensure is sought.

Based on the information summarized above, the data provided in the application support 
extrapolation of a determination of biosimilarity for all of the indications sought.

Conclusion
The information submitted by Pfizer demonstrates that bevacizumab-bvzr is biosimilar to 
US-licensed Avastin.

 Recommendation for Postmarketing Risk Evaluation and Mitigation Strategies:  None.

 Recommendation for other Postmarketing Requirements and Commitments: None.
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