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Results The three study drugs exhibited similar pharma-
cokinetic properties. For the comparisons of PF-06439535 
to bevacizumab-EU or bevacizumab-US, and of beva-
cizumab-EU to bevacizumab-US, the 90 % CIs for the 
ratios of Cmax, AUC0–t, and AUC0–∞ were all within 
80.00–125.00 %. Two, one, and two subjects treated with 
PF-06439535, bevacizumab-EU, and bevacizumab-US, 
respectively, tested positive for antidrug antibodies, none 
of whom tested positive for neutralizing antibodies. Treat-
ment-related adverse events were reported in 15.2, 25.7, 
and 18.2 % of subjects in the PF-06439535, bevacizumab-
EU, and bevacizumab-US treatment arms, respectively.
Conclusions This study demonstrated the pharmacoki-
netic similarity of PF-06439535 to both bevacizumab-EU 
and bevacizumab-US, and of bevacizumab-EU to bevaci-
zumab-US. The safety profile (including immunogenicity) 
was similar in the three treatment groups, with no signifi-
cant safety findings reported.

Keywords PF-06439535 · Bevacizumab · Biosimilar · 
Immunogenicity · Pharmacokinetics

Introduction

Biologics are large and structurally complex molecules pro-
duced in living cells and therefore cannot be exactly dupli-
cated. The term “biosimilars” is used to describe biologics 
that are highly similar but not identical to already licensed 
or approved biologics in terms of safety, purity, and 
potency [1–3]. Biosimilars have the potential to increase 
global patient access to biologics, which may improve the 
overall health outcomes. Unlike small-molecule drugs that 
are chemically synthesized and can be copied exactly, the 
manufacturing process of biosimilars is complex; even 
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minor structural differences may have a significant impact 
on the efficacy and safety of a biosimilar [2, 3]. Regula-
tory approval of biosimilars is based on the totality of the 
evidence generated from a comprehensive comparison of 
the proposed biosimilar and the reference product, which 
include structure and function characterization, nonclini-
cal evaluation, human pharmacokinetics (PK) and pharma-
codynamics (PD), and clinical safety (including immuno-
genicity) and efficacy data [1–3].

Bevacizumab (Avastin®) is recombinant humanized 
monoclonal immunoglobulin G1 antibody that inhibits 
angiogenesis by binding to the human vascular endothelial 
growth factor (VEGF) and inhibiting its biologic activity 
[4]. Bevacizumab is approved in the USA and Europe for 
the treatment of patients with non-small cell lung cancer 
(NSCLC), metastatic colorectal cancer, metastatic renal 
cell cancer, and cervical, platinum-resistant recurrent epi-
thelial ovarian, fallopian tube, and primary peritoneal 
cancers. Additionally, it is approved for the treatment of 
patients with glioblastoma multiforme in the USA and for 
metastatic breast cancer in Europe. The specific indication 
may vary in other regions/countries, and additional indica-
tions are being pursued by the manufacturer [4].

PF-06439535 is being developed as a potential biosimi-
lar to bevacizumab. PF-06439535 has an identical primary 
structure, and similar posttranslational modifications, bio-
chemical properties, and biologic function as bevacizumab 
reference products [5]. A nonclinical toxicity study in cyn-
omolgus monkeys has also demonstrated the similarity of 
PF-06439535 with bevacizumab [6]. The results from the 
analytical and nonclinical in vivo studies supported the ini-
tiation of the clinical development.

PK studies in humans comparing a proposed biosimilar 
with the reference product are essential for the demonstra-
tion of biosimilarity and should be conducted in a popula-
tion using dose(s), and route of administration that are ade-
quately sensitive to detect differences in PK profiles [1–3]. 
Here we report the results from a single-dose PK study in 
healthy male volunteers. Assessment of PK using a single-
dose study design in healthy volunteers was expected to be 
the most sensitive setting possible to detect intrinsic differ-
ences in PK between PF-06439535 and bevacizumab. The 
study design avoided factors that could confound the inter-
pretation of PK results, such as the potential for variabil-
ity associated with a multidose, multicenter regimen, vary-
ing tumor burden and complications inherent with disease 
indications, comorbidities, and concomitant therapies and 
medications. The selection of (only) male subjects for this 
study was based on the documented influence of gender on 
bevacizumab PK: Clearance is approximately 26 % higher 
in males compared with females [4].

Therapeutic doses in the prescribing label of the ref-
erence products ranged from 5 mg/kg every 2 weeks to 

15 mg/kg every 3 weeks [4, 7]. The dosage used in this 
study, 5 mg/kg, was selected based on a prior study (data 
on file) to balance safety considerations in healthy subjects, 
the need to capture the full PK profile of bevacizumab for 
area under the serum concentration–time curve (AUC) esti-
mation, and the need to sensitively compare PK among the 
study drugs.

The primary objective of this phase I study was to com-
pare the PK of PF-06439535 versus bevacizumab sourced 
from the European Union (bevacizumab-EU; Avastin®, 
F. Hoffman-La Roche, Basel, Switzerland) [7] and USA 
(bevacizumab-US; Avastin®, Genentech Inc, South San 
Francisco, CA, USA) [4] and to compare the PK of bev-
acizumab-EU with bevacizumab-US. This study also 
evaluated safety, tolerability, and immunogenicity follow-
ing a single dose of PF-06439535, bevacizumab-EU, or 
bevacizumab-US.

Methods

Study population

Subjects included in this study were healthy males 
21–55 years of age with body mass index of 18.0–30.5 kg/
m2 and a total body weight >50 kg. Subjects were required 
to have adequate organ function (excluding subjects who 
received blood transfusions) according to the following 
laboratory values: bone marrow function (absolute neu-
trophil count ≥1500/mm3 and platelet count ≥100,000/
mm3), adequate liver function [alanine aminotransferase 
(ALT) ≤3 × upper limit normal (ULN) and alkaline phos-
phatase ≤2 × ULN, total bilirubin ≤1.5 mg/dL], and ade-
quate renal function (blood urea nitrogen ≤1.5 × institu-
tional normal and creatinine <1.5 mg/dL) upon study entry.

Key exclusion criteria included evidence or history of 
clinically significant disease, previous history of cancer 
other than adequately treated basal cell or squamous cell 
carcinoma of the skin, hypertension (defined as blood pres-
sure ≥140/90 mmHg), and previous treatment with an anti-
VEGF antibody or any other antibody or protein targeting 
the VEGF receptor.

Study design

This phase I, double-blind, randomized, parallel-group, 
single-dose, three-arm study was conducted in one center 
in the USA between January 24, 2014, and August 5, 
2014 (ClinicalTrials.gov identifier NCT02031991, Sup-
plementary Fig. S1). The final protocol, any amendments, 
and informed consent documentation were reviewed and 
approved by the Institutional Review Board (Aspire IRB, 
Santee, CA, USA). The study was conducted in compliance 
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with the Declaration of Helsinki, all International Confer-
ence on Harmonization Good Clinical Practice Guidelines, 
and local regulatory requirements. All subjects provided 
informed consent before any screening procedures were 
done.

After a screening visit that occurred within 28 days 
prior to dosing, eligible subjects were admitted to the clini-
cal research unit on the day before dosing. Following an 
overnight fast of at least 8 h, subjects were randomized to 
receive a single 5 mg/kg intravenous dose of PF-06439535, 
bevacizumab-EU, or bevacizumab-US in a 1:1:1 ratio 
according to a computer-generated randomization sched-
ule. Subjects were discharged after 8 days and returned to 
the clinical research unit on an outpatient basis for addi-
tional analyses on days 15, 22, 29, 43, 57, 64, 71, and 
(optional) 100. Blood samples for the primary PK analy-
sis were collected prior to treatment and at specified time 
points through day 71; an additional serum concentration 
sample was collected on day 100 to support the antidrug 
antibodies (ADA) analysis. Safety assessments (including 
immunogenicity) were evaluated for 71 days with an addi-
tional, optional day 100 visit to assess immunogenicity in 
the absence of interfering drug levels.

Pharmacokinetic evaluations

Blood samples for PK evaluation were collected within 
1 h prior to initiation of bevacizumab infusion (predose), 
within 5 min prior to end of infusion (90 min after start of 
infusion), and at 4, 24, 48, 96, 168, 336, 504, 672, 1008, 
1344, 1512, and 1680 h after start of infusion. Blood sam-
ples were centrifuged at 1500–1700g for approximately 
15–20 min in a refrigerated centrifuge. The plasma was 
stored at −70 °C until analysis.

Serum concentrations of PF-06439535, bevacizumab-
EU, and bevacizumab-US were analyzed using a validated, 
sensitive, and specific enzyme-linked immunosorbent 
assay at QPS, LLC (Newark, DE, USA). The lower limit 
of quantification (LLOQ) was 250 ng/mL; samples below 
the LLOQ were set to 0 for the PK analysis. The inter-
run assay accuracy, expressed as percent relative error for 
quality control samples, ranged from −3.3 to −1.8 %. The 
assay precision, expressed as the inter-run coefficients of 
variation of the estimated concentrations of quality control 
samples, was <15.9 %.

The PK parameters were calculated for each eligible 
subject using standard noncompartmental analysis of con-
centration–time data and included maximum observed 
serum concentration (Cmax), AUC from zero to the time 
of the last quantifiable concentration (AUC0–t), AUC 
from zero extrapolated to infinity (AUC0–∞), clearance 
(CL), volume of distribution at steady state (Vss), and ter-
minal half-life (t½). The PK analysis used actual sample 

collection times. PK parameters were calculated using an 
internally validated software system, eNCA (version 2.2.4).

Immunogenicity evaluations

Blood samples to detect ADA and neutralizing antibodies 
(NAb) were collected at 0, 15, 29, 57, 71, and (optional) 
100 days post-dose. An additional sample for drug concen-
tration was taken on day 100 to facilitate the immunogenic-
ity assessment at 100 days post-dose. ADA samples were 
analyzed at QPS, LLC using two validated, semiquantita-
tive electrochemiluminescent assays: one to detect anti-
bodies against PF-06439535 and one to detect antibodies 
against bevacizumab. Samples testing positive for ADA 
were further tested for the presence or absence of neutral-
izing anti-PF-06439535 or anti-bevacizumab antibodies, 
using two validated semiquantitative electrochemilumines-
cent NAb assays.

Safety evaluations

All observed or patient-reported adverse events (AEs), 
graded by the National Cancer Institute Common Termi-
nology Criteria for Adverse Events, version 4.03, were 
assessed for severity and relationship to the study drug 
treatment. Subjects who had an unresolved AE were fol-
lowed up until the AE or its sequelae resolved or stabilized 
per the investigator’s assessment. Other safety assessments 
included laboratory tests (hematology, chemistry, and uri-
nalysis), physical examinations, vital signs (supine blood 
pressure, pulse rate, respiratory rate, and body tempera-
ture), electrocardiograms, telemetry, and pulse oximetry.

Statistical analyses

PK similarity was achieved if 90 % confidence intervals 
(CIs) for the test-to-reference ratios of Cmax, AUC0–t, and 
AUC0–∞ fell within the 80.00–125.00 % acceptance criteria 
for the following comparisons: PF-06439535 versus beva-
cizumab-EU, PF-06439535 versus bevacizumab-US, and 
bevacizumab-EU versus bevacizumab-US. Ninety percent 
CIs for the test-to-reference ratios for AUC0–∞, AUC0–t, 
and Cmax were constructed on a log scale using two one-
sided test (TOST) procedure.

Based on a prior PK study (data on file), a conserva-
tive estimate of percent coefficient of variation (%CV) for 
AUC0–∞ of 21 % was used. A sample size of 29 subjects 
per arm provided at least 85 % power for the two compari-
sons in AUC0–∞ for the similarity objective if the true ratio 
of AUC0–∞ values was equal to 1.05 or less. Since AUC0–∞ 
and AUC0–t were highly correlated, the power for similarity 
in AUC0–t was about the same as that for AUC0–∞. Simi-
larly, if the observed %CV for Cmax was 21 %, a sample 
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size of 29 subjects per arm provided at least 85 % power 
for the two comparisons to achieve similarity in Cmax for 
the similarity objective if the true ratio of Cmax values was 
equal to 1.05 or less.

Overall, a sample size of 29 subjects per arm was 
selected to provide no less than 70 % power to demonstrate 
similarity for all three pair-wise comparisons. To account 
for a nonevaluable rate of approximately 10 %, the total 
sample size was increased to approximately 96 subjects, 
with 32 subjects per arm.

The per-protocol analysis set, which included all rand-
omized subjects who received the full dose of the assigned 
study medication and who did not have major protocol 
deviations, was used as the population for PK analysis. 
The safety analysis set included all enrolled subjects who 
received the study medication.

Results

Subjects

Of a total 102 subjects enrolled and assigned to study treat-
ment, 101 received the assigned study drug (PF-06439535, 
n = 33; bevacizumab-EU, n = 35; bevacizumab-US, 
n = 33) and constituted the safety analysis set (Fig. 1). Four 
subjects (PF-06439535, n = 1; bevacizumab-EU, n = 2; 
bevacizumab-US, n = 1) were excluded from the primary 
PK analysis due to premature study withdrawal not related 

to study drug. The final per-protocol population used in the 
PK analysis consisted of 97 subjects. The demographic and 
baseline characteristics in the per-protocol population were 
comparable among the three treatment groups (Table 1).

Pharmacokinetic evaluations

The three study drugs exhibited a similar median serum 
concentration–time profile characterized by a rapid 
decrease in serum drug concentration immediately fol-
lowing the end of infusion, followed by a slow elimina-
tion phase (Fig. 2). Consistent with the mean concentra-
tion–time profiles, the mean Cmax, AUC0–t, and AUC0–∞ 
estimates and inter-subject variability for each PK param-
eter were similar across the three study drugs, with coeffi-
cients of variation values of 14–15 % for Cmax, 12–16 % for 
AUC0–t, and 13–19 % for AUC0–∞ (Table 2, Supplementary 
Fig. S2). For the comparisons of PF-06439535 to bevaci-
zumab-EU or bevacizumab-US, and for bevacizumab-EU 
to bevacizumab-US, the 90 % CIs for the test-to-reference 
ratios of Cmax, AUC0–t, and AUC0–∞ were all within the 
bioequivalence window of 80.00–125.00 % (Table 3).

Immunogenicity evaluations

Of the 101 subjects in the safety population, 94 com-
pleted ADA assessments at specified visits through day 
71, and 91 subjects completed ADA assessment through 
day 100. Overall, the three treatment groups had similar 

Fig. 1  Subject disposition. AE 
adverse event; PK pharmacoki-
netics
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ADA profiles. When PF-06439535 was used as the cap-
ture reagent, one subject treated with bevacizumab-EU 
tested positive for ADA at baseline. Five (5.0 %) subjects 
tested positive at one or more time point through day 100: 
n = 2 (6.1 %), n = 1 (2.9 %), and n = 2 (6.1 %) of total 
number of subjects administered PF-06439535, bevaci-
zumab-EU, and bevacizumab-US, respectively. Of the five 
subjects (total of seven samples through day 100) who 
tested positive for ADA post-dose, three (PF-06439535, 
n = 2; bevacizumab-US, n = 1) did not have detectable 
levels of ADA until day 71. The other two subjects with 
treatment-emergent ADA had more than one sample that 
tested positive: One subject treated with bevacizumab-EU 
tested positive at predose and days 71 and 100, and one 
subject treated with bevacizumab-US tested positive at 
days 57 and 71.

The samples were also tested with a second ADA assay 
using bevacizumab-EU as the capture reagent. Only one 
sample tested positive on day 71 with the second assay, 
whereas the remaining samples that were positive in the 
first assay (all of which had titers close to the assay cut-
point of 2.29) tested negative with the second assay.

The eight samples that tested positive for ADA were fur-
ther tested for NAb; none of these samples tested positive 
for NAb. However, it should be noted that drug serum con-
centrations were high (range 0.29–205 µg/mL) relative to 
the drug tolerance of the NAb assay (range 0.5–10 µg/mL).

Safety evaluations

No deaths or discontinuations due to AEs occurred in this 
study. Among the 101 subjects who received study drug, 55 
(54.5 %) experienced treatment-emergent AEs and 20 of 
these subjects experienced 31 treatment-related AEs [n = 5 
(15.2 %), 9 (25.7 %), and 6 (18.2 %) in the PF-06439535, 
bevacizumab-EU, and bevacizumab-US treatment arms, 
respectively]. Most AEs were grade 1 or 2, except for one 
grade 3 AE of musculoskeletal pain and one grade 4 AE of 
concussion experienced by one subject (Table 4); both the 
grade 3 and grade 4 AEs occurred due to a motor vehicle 
accident (subject was a passenger) and were resolved by the 
end of study. The AE of concussion was reported as a seri-
ous AE. Another serious AE of appendicitis was reported in 
one subject prior to randomization to study treatment.

Laboratory results, physical examination findings, 
vital signs, and electrocardiogram values were unremark-
able, with no safety issues identified and with no clinically 
meaningful differences among the three treatment arms.

Discussion

PF-06439535 is being developed as a potential biosimilar 
to bevacizumab and has been shown to have identical pri-
mary structure and similar posttranslational modifications, 
biochemical properties, and biologic function as the refer-
ence product bevacizumab [5, 6]. The primary objective of 
the current phase I study was to demonstrate PK similar-
ity of PF-06439535 to bevacizumab-EU and bevacizumab-
US and of bevacizumab-EU to bevacizumab-US in healthy 
volunteers. The 90 % CIs for the test-to-reference ratios of 
the calculated exposure parameters (Cmax and AUC) were 
within the predefined bioequivalence acceptance range 
of 80.00–125.00 % for the comparison of PF-06439535 
to bevacizumab-EU and bevacizumab-US and of bevaci-
zumab-EU to bevacizumab-US, demonstrating PK simi-
larity among the three products. The demonstration of PK 
similarity between the two licensed bevacizumab products 
sourced from the European Union and the USA provides 
justification for the use of only one of these reference prod-
ucts in future comparative clinical studies in patients.

As with all biologic agents, immune responses against 
bevacizumab may develop. In this study, the three treat-
ment groups had comparable ADA profiles with no NAb 
detected in any of the ADA-positive serum samples. The 

Table 1  Demographic and baseline characteristics (per-protocol pop-
ulation)

SD standard deviation
a Number of evaluable subjects

PF-06439535 Bevacizumab-
EU

Bevacizumab-
US

n = 32a n = 33a n = 32a

Age (years)

 Mean (SD) 37.6 (±8.7) 39.1 (±11.0) 36.0 (±8.7)

 Range 22–53 21–55 21–50

Race, n

 White 26 26 24

 Black 6 7 7

 Asian 0 0 1

Ethnicity, n

 Hispanic/
Latino

29 29 25

 Not Hispanic/
Latino

3 4 7

Weight (kg)

 Mean (SD) 79.3 (±10.6) 78.6 (±9.4) 77.9 (±11.7)

 Range 55.4–99.1 55.5–92.1 51.5–102.0

Body mass index (kg/m2)

 Mean (SD) 26.5 (±2.9) 26.4 (±2.8) 25.5 (±3.0)

 Range 19.9–30.4 19.2–30.5 18.0–30.1

Height (cm)

 Mean (SD) 172.9 (±7.0) 172.6 (±5.6) 174.6 (±6.6)

 Range 160.0–186.0 157.0–185.0 162.0–187.0
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low incidence of ADA observed in all three treatment 
groups was consistent with the published immunogenicity 
results in patients treated with the reference product [4]. 
These data emphasize the low immunogenicity of bevaci-
zumab and PF-06439535.

All three study drugs showed comparable safety profiles 
with no clinically meaningful differences observed among 
PF-06439535, bevacizumab-EU, and bevacizumab-US. 
The most commonly reported AE, occurring in more than 
10 % of participants, was upper respiratory tract infection, 
which was distributed evenly among the three treatment 
groups. Overall laboratory results and other safety meas-
ures were unremarkable, with no safety issues identified.

Conclusions

The present study demonstrates the PK similarity of 
PF-06439535 to both bevacizumab-EU and bevacizumab-
US, and of bevacizumab-EU to bevacizumab-US. The 

Fig. 2  Median serum concen-
tration–time profiles following a 
single 5 mg/kg intravenous dose 
in healthy subjects. a Semi-log-
arithmic scale, b linear scale
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Table  2  Mean (±SD) pharmacokinetic parameter estimates of 
PF-06439535, bevacizumab-EU, and bevacizumab-US

AUC0–∞ area under the serum concentration–time curve from zero 
extrapolated to infinity, AUC0–t area under the serum concentration–
time curve from zero to the time of the last quantifiable concentra-
tion, CL clearance, Cmax maximum observed serum concentration, SD 
standard deviation, t½ terminal half-life, Vss volume of distribution at 
steady state
a AUC0–t was ≥80 % of the corresponding AUC0–∞ in 97 (100 %) 
pharmacokinetic eligible subjects

Parameters, 
units

PF-06439535
n = 32

Bevacizumab-
EU
n = 33

Bevacizumab-
US
n = 32

Cmax (µg/mL) 142.9 ± 20.3 137.0 ± 20.5 130.0 ± 18.2

AUC0–t (µg·h/
mL)a

40,840 ± 6411 41,010 ± 6711 38,920 ± 4566

AUC0–∞ (µg·h/
mL)

43,080 ± 7103 43,830 ± 8326 41,450 ± 5350

CL (mL/h/kg) 0.119 ± 0.021 0.117 ± 0.022 0.122 ± 0.016

Vss (mL/kg) 62.4 ± 10.6 64.9 ± 9.6 67.7 ± 7.7

t½ (h) 397 ± 63 417 ± 90 413 ± 57
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three treatment groups had a similar ADA profile with no 
NAb detected. All three study drugs showed comparable 
safety profiles, with no significant AEs or other safety find-
ings reported. These data support the continued develop-
ment of PF-06439535 as a proposed biosimilar to bevaci-
zumab. An ongoing phase III, multinational, double-blind, 
randomized, parallel-group clinical trial (ClinicalTrials.
gov, NCT02364999) in previously untreated patients with 
advanced nonsquamous NSCLC is evaluating the efficacy, 
safety, and immunogenicity of PF-06439535 versus bevaci-
zumab-EU in combination with paclitaxel and carboplatin.
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Table 3  Statistical comparison 
of pharmacokinetic exposure 
parameters

AUC0–∞ area under the serum concentration–time curve from zero extrapolated to infinity, AUC0–t area 
under the serum concentration–time curve from time 0 to the time of the last quantifiable concentration, CI 
confidence interval, Cmax the maximum observed serum concentration
a Cmax, AUC0–t, and AUC0–∞ units are measured in μg/mL, μg·h/mL, and μg·h/mL, respectively
b Test-to-reference ratio of adjusted geometric means

Test Reference Parametera Adjusted geometric means

Test Reference Ratio (%)b 90 % CI (%)

PF-06439535 Bevacizumab-EU Cmax 141.5 135.5 104.42 98.36–110.84

AUC0–t 40,330 40,490 99.62 93.69–105.93

AUC0–∞ 42,490 43,100 98.58 92.16–105.44

PF-06439535 Bevacizumab-US Cmax 141.5 128.9 109.79 103.38–116.60

AUC0–t 40,330 38,660 104.32 98.06–110.97

AUC0–∞ 42,490 41,120 103.33 96.55–110.58

Bevacizumab-EU Bevacizumab-US Cmax 135.5 128.9 105.15 99.05–111.62

AUC0–t 40,490 38,660 104.71 98.48–111.34

AUC0–∞ 43,100 41,120 104.82 98.00–112.12

Table 4  Treatment-emergent 
adverse events occurring in 
two or more subjects in any 
treatment group: all-causality 
(safety analysis population)

AE adverse event, MedDRA Medical Dictionary for Regulatory Activities, version 17.0, SAE serious 
adverse event
a Number of subjects in the treatment group
b No subject had grade 5 AEs

MedDRA preferred term, n (%) PF-06439535
n = 33a

Bevacizumab-EU
n = 35a

Bevacizumab-US
n = 33a

Subjects with AEs 16 (48.5) 22 (62.9) 17 (51.5)

Subjects with SAEs 0 1 (2.9) 0

Subjects with grade 3 or grade 4 AEsb 0 1 (2.9) 0

Upper respiratory tract infection 4 (12.1) 6 (17.1) 4 (12.1)

Headache 2 (6.1) 3 (8.6) 3 (9.1)

Dyspepsia 2 (6.1) 3 (8.6) 1 (3.0)

Myalgia 1 (3.0) 2 (5.7) 2 (6.1)

Diarrhea 2 (6.1) 1 (2.9) 1 (3.0)

Tooth abscess 2 (6.1) 1 (2.9) 0

Musculoskeletal pain 1 (3.0) 2 (5.7) 0

Rash macular 1 (3.0) 2 (5.7) 0
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