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Abstract
Background CT-P16 is a candidate bevacizumab biosimilar.
Objective This double-blind, multicenter, parallel-group, phase III study aimed to establish equivalent efficacy between 
CT-P16 and European Union-approved reference bevacizumab (EU-bevacizumab) in patients with metastatic or recurrent 
non-squamous non-small cell lung cancer (nsNSCLC).
Patients and Methods Patients with stage IV or recurrent nsNSCLC were randomized (1:1) to receive CT-P16 or EU-
bevacizumab (15 mg/kg every 3 weeks; ≤ 6 cycles) with paclitaxel (200 mg/m2) and carboplatin (area under the curve 6.0; 
both for 4–6 cycles), as induction therapy. Patients with controlled disease after induction therapy continued with CT-P16 
or EU-bevacizumab maintenance therapy. The primary endpoint was objective response rate (ORR) during the induction 
period. Time-to-event analyses, pharmacokinetics, safety, and immunogenicity were also evaluated. Results obtained after 
1 year of follow-up are presented.
Results Overall, 689 patients were randomized (CT-P16, N = 342; EU-bevacizumab, N = 347). ORR was 42.40% (95% 
confidence interval [CI] 37.16–47.64) and 42.07% (95% CI 36.88–47.27) for CT-P16 and EU-bevacizumab, respectively. The 
risk difference (0.40 [95% CI − 7.02 to 7.83]) and risk ratio (1.0136 [90% CI 0.8767–1.1719]) for ORR fell within predefined 
equivalence margins (− 12.5 to + 12.5%, and 0.7368 to 1.3572, respectively), demonstrating equivalence between CT-P16 
and EU-bevacizumab. Median response duration, time to progression, progression-free survival, and overall survival were 
comparable between treatment groups. Safety profiles were similar: 96.2% (CT-P16) and 93.0% (EU-bevacizumab) of patients 
experienced treatment-emergent adverse events. Pharmacokinetics and immunogenicity were comparable between groups.
Conclusions Equivalent efficacy and similar pharmacokinetics, safety, and immunogenicity support bioequivalence of 
CT-P16 and EU-bevacizumab in patients with nsNSCLC.
Trial registration number NCT03676192.
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1 Introduction

Bevacizumab is a recombinant, humanized immunoglobu-
lin G1 monoclonal antibody (mAb) that targets vascular 
endothelial growth factor (VEGF), a potent angiogenic 
growth factor important for tumor growth and survival 
[1, 2]. Bevacizumab inhibits the binding of VEGF to cell 
surface receptors, reducing tumor vascularization and lim-
iting tumor growth [3]. In the US and Europe, reference 

bevacizumab  (Avastin®; Roche, Basel, Switzerland/Genen-
tech, Inc., South San Francisco, CA, USA) is approved for 
use in treating a number of advanced solid tumors, including 
metastatic non-small cell lung cancer (NSCLC), where it is 
administered in combination with chemotherapy in the first-
line setting [1, 3–5].

Bevacizumab provided an important breakthrough in 
treatment options for advanced non-squamous NSCLC 
(nsNSCLC), beyond traditional chemotherapy regimens, 
and continues to offer an effective treatment option for 
many patients [5–9]. Regulatory approval for reference 
bevacizumab followed demonstration of significant overall 
survival (OS) and progression-free survival (PFS) benefits 
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Key Points 

This phase III study compared candidate bevacizumab 
biosimilar CT-P16 and European Union-approved refer-
ence bevacizumab (EU-bevacizumab) in patients with 
metastatic or recurrent non-squamous non-small cell 
lung cancer.

Equivalent efficacy between CT-P16 and EU-bevaci-
zumab was demonstrated for the primary endpoint: 
objective response rate following induction therapy.

After 1 year of follow-up in this ongoing study, findings 
also suggest comparable survival outcomes, pharma-
cokinetics, safety, and immunogenicity profiles between 
CT-P16 and EU-bevacizumab.

is also evaluating whether pharmacokinetic parameters, 
safety, immunogenicity, and quality of life are comparable 
between treatment groups. The first part of the study has 
been completed, including outcomes for the primary effi-
cacy endpoint, and these data are presented in this article, 
along with available data for secondary endpoints, as part 
of a planned interim analysis upon completion of 1 year of 
follow-up for the last patient enrolled. Full data for the entire 
study period will become available upon study completion.

2  Methods

2.1  Study Design

This ongoing, randomized, active-controlled, double-blind, 
parallel-group, phase III study (NCT03676192) was con-
ducted at 164 hospitals or clinics in 21 countries (electronic 
supplementary material [ESM] Table S1). Screening of 
eligible participants occurred within 28 days prior to rand-
omization, or up to 8 weeks for patients with central nerv-
ous system (CNS) metastases to provide sufficient time for 
CNS treatment. During the induction period, patients were 
randomized (1:1) to receive either CT-P16 15 mg/kg or EU-
bevacizumab 15 mg/kg; both treatments were administered 
intravenously every 3 weeks for ≤ 6 cycles. Patients in both 
treatment groups received concurrent intravenous paclitaxel 
200 mg/m2 and intravenous carboplatin area under the curve 
6.0 every 3 weeks for 4–6 cycles. Patients with controlled 
disease (i.e., complete response [CR], partial response [PR], 
or stable disease) at the end of the induction period entered 
the maintenance period and received monotherapy with their 
assigned treatment until disease progression or intolerable 
toxicity. The end of treatment (EOT) visit occurred 3 weeks 
after the final dose of study treatment in the induction or 
maintenance period; subsequently, patients entered the 
follow-up period, in which they were followed up every 9 
weeks until death or end of the study.

An interactive web response system (IWRS) was used for 
randomization. A computer-generated randomization sched-
ule was prepared for the IWRS by an unblinded statistician. 
Patients were randomized in blocks stratified by country, sex 
(female vs. male), disease status (recurrence vs. metastatic), 
and Eastern Cooperative Oncology Group (ECOG) perfor-
mance status (0 vs. 1). Patients and investigators (including 
local and central outcome assessors) were blinded to treat-
ment group. Blinding and concealment of permuted block 
size will be maintained until completion of this ongoing 
study, to avoid bias.

Key protocol amendments made after the study start date 
are detailed below or listed in the ESM Methods. The study 
was monitored by an independent data safety monitoring 
board.

with bevacizumab plus platinum-based chemotherapy, com-
pared with chemotherapy alone, in patients with nsNSCLC 
[10, 11]. However, a major limitation of mAb treatments is 
their high cost, and analyses have failed to demonstrate the 
cost-effectiveness or cost utility of adding bevacizumab to 
chemotherapy for the treatment of NSCLC [12, 13]. Limited 
access to bevacizumab through public healthcare services 
is a global problem, particularly in emerging markets, lead-
ing to geographical inequalities and rationing of treatments, 
potentially leading to poorer clinical outcomes [14–16].

Biosimilars are biological medicines that are highly 
similar to an already approved product, and are typically 
associated with cost savings of 20–35% compared with their 
reference products [15]. Thus, bevacizumab biosimilars have 
the potential to alleviate the financial burden of biological 
therapy on healthcare systems and improve access to effec-
tive treatments for patients with advanced cancers, including 
nsNSCLC [16]. Regulatory approval of biosimilars requires 
evidence of biosimilarity, i.e., that there is no clinically 
meaningful difference in quality, activity, safety, and efficacy 
between a biosimilar and the approved reference product 
[17, 18]. Biosimilarity is assessed based on the totality of 
evidence generated via a stepwise program of non-clinical 
and clinical studies evaluating quality, pharmacokinetics, 
pharmacodynamics, efficacy, safety, and immunogenicity 
[17, 18]. Several biosimilars of bevacizumab have been 
approved for the treatment of advanced or recurrent NSCLC 
in Europe and the US [19–28]. CT-P16 (Celltrion, Inc., 
Incheon, Republic of Korea) is a candidate bevacizumab 
biosimilar that has previously demonstrated pharmacoki-
netic equivalence to European Union-approved reference 
bevacizumab (EU-bevacizumab) and US-licensed reference 
bevacizumab in a phase I clinical trial (NCT03247673) [29].

This phase III study aims to determine whether the effi-
cacy of CT-P16 is equivalent to that of EU-bevacizumab in 
patients with metastatic or recurrent nsNSCLC. The study 
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2.2  Participants

Full eligibility criteria are listed in the ESM Methods. 
Briefly, eligible individuals were male or female, aged ≥ 18 
years, with histologically or cytologically confirmed stage 
IV or recurrent NSCLC. Patients were required to have one 
or more measurable lesions (per Response Evaluation Cri-
teria In Solid Tumours [RECIST] criteria version 1.1); an 
ECOG performance status of 0 or 1; adequate hematologic, 
hepatic, and renal functions; and negative epidermal growth 
factor receptor (EGFR) mutation and anaplastic lymphoma 
kinase (ALK) rearrangement test results. Key exclusion cri-
teria included NSCLC with predominantly squamous his-
tology; previous systemic therapy, surgery, or radiotherapy 
for NSCLC; therapeutic use of parenteral anticoagulants 
or thrombolytic agents; untreated CNS metastases or CNS 
metastasis with bleeding risk; hemoptysis; uncontrolled 
hypertension, diabetes, or cardiac disease; a history of vas-
cular disease; or pregnancy or lactation.

2.3  Endpoints

The primary efficacy endpoint was objective response rate 
(ORR) based on best overall response (BOR), per RECIST 
criteria version 1.1, achieved during the 6-cycle induction 
period and confirmed, if necessary, by subsequent assess-
ment up to Cycle 3 of the maintenance period. Central 
review results were used for the primary analysis and local 
review results were used for a sensitivity analysis.

Secondary efficacy endpoints included response duration, 
time to progression (TTP), and PFS, each based on central 
review results, and OS. Response duration was defined as the 
time from initial response to progressive disease (PD), recur-
rence, or death from any cause in patients achieving a CR 
or PR; during the study, the planned analysis was updated 
to add death to the description and to add a requirement for 
CR or PR to be confirmed through subsequent assessment.

Safety evaluations included the incidence and severity 
of treatment-emergent adverse events (TEAEs) and serious 
TEAEs. TEAEs of special interest (TEAESIs) were cap-
tured using standardized Medical Dictionary for Regula-
tory Activities queries, thus evaluated across system organ 
classes, and included hypersensitivity/infusion-related 
reactions, gastrointestinal perforations and fistulae, wound 
healing complications, hypertension, posterior reversible 
encephalopathy syndrome, proteinuria, arterial or venous 
thromboembolism, hemorrhages, congestive heart failure, 
or ovarian failure/fertility. The full list of prespecified safety 
endpoints is available in the ESM Methods. Pharmacokinetic 
evaluation comprised assessment of trough serum concentra-
tions of CT-P16 (Ctrough). Immunogenicity was assessed in 
terms of the incidence of both antidrug antibodies (ADAs), 
antibodies that bind to the biologic agent (in this study, 

bevacizumab) in human serum, and neutralizing antibodies 
(NAbs), ADAs that bind to the biologic agent and neutralize 
its biologic activity [30].

2.4  Assessments

RECIST criteria version 1.1 were used for tumor evalua-
tion. Computed tomography (CT) scans were conducted at 
screening, at the end of Cycles 2, 4, and 6 during the induc-
tion period, at the end of every third cycle during the main-
tenance period, and at EOT. Brain CT or magnetic resonance 
imaging, and bone scans, were conducted at screening and 
at later timepoints if brain or bone metastases were present 
at screening or if new lesions were suspected, respectively. 
Images for tumor response were assessed via both central 
review (by a central independent reviewer) and local review 
(by investigators).

Blood samples were collected predose for pharmacoki-
netic analyses on Day 1 of each cycle and at the end of Cycle 
6 during the induction period, at the end of every third cycle 
during the maintenance period, and at EOT. Serum CT-P16 
and EU-bevacizumab concentrations were measured using a 
validated electrochemiluminescent assay with a lower limit 
of quantification of 50 ng/mL.

Adverse events (AEs) were monitored throughout and 
graded according to the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events version 5.0. 
Clinical laboratory tests and physical examinations were 
performed at screening, on Day 1 of each cycle, and at EOT.

Blood samples were collected for immunogenicity assess-
ments on Day 1 of Cycle 1 and at the end of Cycles 2, 4, and 
6 during the induction period, at the end of every third cycle 
during the maintenance period, and at EOT. The presence 
of ADAs and NAbs was detected using validated electro-
chemiluminescent assays. Blood samples were first screened 
for ADAs with a positive control concentration range of 
50–2000 ng/mL, and if found to be positive, underwent fur-
ther testing in a confirmatory assay. Samples with confirmed 
positive ADA results were further screened for NAbs using 
three positive controls (low: 125 ng/mL; titer: 500 ng/mL; 
high: 10,000 ng/mL).

2.5  Statistical Analysis

A total of 305 patients per treatment group was estimated 
to provide 80% power to demonstrate similarity in efficacy 
between CT-P16 and EU-bevacizumab based on an expected 
ORR of 38%. This calculation was based on two sets of 
statistical assumptions, to meet the requirements of both the 
US Food and Drug Administration (FDA) and the European 
Medicines Agency (EMA): an equivalence margin of −12.5 
to +12.5% using a 95% confidence interval (CI; two one-
sided alpha of 0.025) for the risk difference (RD) in ORR 
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(EMA assumption; predefined in the original protocol), 
and an equivalence margin of 0.7368–1.3572 using a 90% 
CI (two one-sided alpha of 0.05) for the risk ratio (RR) in 
ORR (FDA assumption; included as a protocol amendment). 
Therefore, 678 patients (n = 339 per group) were required to 
allow for an anticipated dropout rate of 10%.

The primary analysis of the primary efficacy endpoint 
(ORR based on BOR during the induction period) was 
performed using a logistic regression model for RD and 
a log-binomial regression model for RR. Covariates com-
prised region (Europe, Middle East, and Africa vs. America 
vs. Asia), sex (male vs. female), disease status at baseline 
(recurrent vs. metastatic), and ECOG performance status 
at baseline (0 vs. 1). Treatment groups (CT-P16 vs. EU-
bevacizumab) were considered as a fixed effect. Equivalence 
in terms of efficacy would be achieved if the 95% CI for the 
RD for ORR was bounded by the interval −12.5 to +12.5% 
(EMA assumption) and if the 90% CI for the RR for ORR 
was entirely within the predefined equivalence margin of 
0.7368–1.3572 (FDA assumption). Patients with missing 
values for ORR were considered non-responders. For sec-
ondary efficacy variables, continuous data were summarized 
using descriptive statistics, and categorical data were sum-
marized using numbers and percentages. Analysis sets are 
defined in the ESM Methods. All statistical analyses were 
conducted using Statistical Analysis System  (SAS®) soft-
ware version 9.4 or higher (SAS Institute Inc., Cary, NC, 
USA).

3  Results

3.1  Patient Characteristics

This ongoing study started on 1 February 2019 (first patient 
randomized) and has a planned follow-up period of approxi-
mately 3 years from enrollment of the last patient. The data 
cut-off was 22 April 2021 for the primary endpoint (comple-
tion of the study induction period) and 21 September 2021 
for all other analyses reported herein.

A total of 1530 patients were screened, of whom 689 
met the eligibility criteria and were randomized to receive 
either CT-P16 (n = 342) or EU-bevacizumab (n = 347) and 
initiated induction treatment (Fig. 1). Overall, 499 (72.4%) 
patients completed the induction period (CT-P16: n = 258 
[75.4%]; EU-bevacizumab: n  =  241 [69.5%]). Subse-
quently, a total of 466 (67.6%) patients entered the mainte-
nance period (CT-P16: n = 239 [69.9%]; EU-bevacizumab: 
n = 227 [65.4%]). The proportions of patients who discon-
tinued study treatment during each study period were gen-
erally similar between treatment groups; the most common 
reason for discontinuation during the induction and mainte-
nance periods was PD.

The two treatment groups were well balanced with 
respect to baseline characteristics, medical history, and pre-
vious treatments for NSCLC (Table 1). Overall, patients had 
a median age of 62 years (range 26–82), 244 (35.4%) were 
female, and most were White (n = 528 [76.6%]) or Asian 
(n = 114 [16.5%]). Most patients had metastatic disease 
(stage IVA: n = 311 [45.1%]; stage IVB: n = 319 [46.3%]), 
and the most common final pathological diagnosis was 
adenocarcinoma (n = 676 [98.1%]). Overall, 64 (9.3%), 83 
(12.0%), and 16 (2.3%) patients had received at least one 
prior surgical procedure, radiotherapy, or anticancer therapy 
for NSCLC, respectively.

3.2  Efficacy

The primary endpoint, ORR based on BOR during the 
induction period, was 42.40% (95% CI 37.16–47.64) 
in the CT-P16 group compared with 42.07% (95% CI 
36.88–47.27%) in the EU-bevacizumab group (intent-to-
treat [ITT] population) [Table 2]. Equivalence was demon-
strated between CT-P16 and EU-bevacizumab as the 95% 
CI for the RD (0.40 [95% CI − 7.02 to 7.83]) and the 90% 
CI for the RR (1.0136 [90% CI 0.8767–1.1719]) were con-
tained within the predefined equivalence margins of −12.5 
to +12.5% and 0.7368–1.3572, respectively. A similar pro-
portion of patients in each treatment group achieved a CR 
(CT-P16: n = 2 [0.6%]; EU-bevacizumab: n = 3 [0.9%]) or 
a PR (CT-P16: n = 143 [41.8%]; EU-bevacizumab: n = 143 
[41.2%]) as their BOR. In the per-protocol (PP) population, 
results for BOR and ORR were similar to those in the ITT 
population; the RD and RR were both contained within the 
predefined equivalence margins, supporting the primary 
analysis (Table 2). In a sensitivity analysis of the primary 
endpoint using local review, ORR during the induction 
period was 43.86% (95% CI 38.60–49.12) in the CT-P16 
group compared with 39.19% (95% CI 34.06–44.33%) in 
the EU-bevacizumab group (ITT population) [ESM Fig. S1]. 
The RD (4.87 [95% CI − 2.53 to 12.26]) and RR (1.1234 
[90% CI 0.9683–1.3032]) supported the demonstration of 
equivalence in the primary analysis.

By the time of data cut-off, median (range) follow-up 
duration was 11.91 (0.03–29.64) months (CT-P16: 12.15 
[0.03–29.64] months; EU-bevacizumab: 11.35 [0.03–28.52] 
months). Median response duration, TTP, PFS, and OS had 
been reached in both groups. In patients achieving either 
a CR or PR, which was confirmed by subsequent assess-
ment, median response duration was similar between treat-
ment groups (CT-P16: 7.2 months [95% CI 6.3–8.2]; EU-
bevacizumab: 6.3 months [95% CI 5.8–7.5]). Median TTP 
was similar in both groups (CT-P16: 8.5 months [95% CI 
8.3–10.0]; EU-bevacizumab: 8.3 months [95% CI 7.4–9.1]). 
Median PFS was 7.9 months (95% CI 6.9–8.3) in the 
CT-P16 group versus 7.2 months (95% CI 6.5–8.3) in the 
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EU-bevacizumab group (hazard ratio [HR] 0.92, 95% CI 
0.77–1.10) [Fig. 2a]. Correspondingly, median OS was 17.1 
months (95% CI 14.6–18.7) in the CT-P16 group compared 
with 15.6 months (95% CI 13.4–18.0) in the EU-bevaci-
zumab group (HR 0.95, 95% CI 0.77–1.19) [Fig. 2b].

3.3  Pharmacokinetics

Mean bevacizumab Ctrough was generally similar for CT-P16 
and EU-bevacizumab on Day 1 of each cycle up to data 
cut-off (data for the induction period are shown in ESM 
Fig. S2).

3.4  Safety

Safety data are presented up to the data cut-off date of 
21 September 2021; the study is ongoing and final safety 
data will be available after study completion. Over this 
period, a similar number of patients in the CT-P16 and 
EU-bevacizumab groups experienced one or more TEAEs 
(CT-P16: n = 332 [96.2%]; EU-bevacizumab: n = 320 
[93.0%]) [Table 3]. The majority of TEAEs were grade 1 or 
2 in severity. TEAEs considered to be related to the study 
drug by the investigator were reported in 178 (51.6%) and 
174 (50.6%) patients in the CT-P16 and EU-bevacizumab 

Screening
N=1,530

Patients randomized
N=689a

● Inclusion/exclusion
   criteria not met (n=773)
● Withdrawal (n=53)
● Other (n=15)

Screening failure
n=841

EU-bevacizumab
N=347

CT-P16
N=342

Completed
induction period

n=241

Completed
induction period

n=258b

Initiated
maintenance period

n=227

Initiated
maintenance period

n=239

Ongoing at data
cut-off
n=41

Ongoing at data
cut-off
n=33

● PD (n=154)
● AE (n=16)
● Death (n=13)
● Physician decision (n=11)
● Withdrawal (n=6)
● Lost to FU (n=2)
● Protocol deviation (n=1)
● Other (n=3)c

Discontinued treatment
n=206

● PD (n=21)
● AE (n=20)
● Death (n=20) 
● Withdrawal (n=15)
● Physician decision (n=3)
● Lost to FU (n=3)
● Protocol deviation (n=2)

Discontinued treatment
n=84

● PD (n=14)
● AE (n=2)
● Death (n=2)
● Physician decision (n=1)

Discontinued treatment
n=19

● PD (n=32)
● Death (n=23)
● AE (n=21)
● Withdrawal (n=20)
● Physician decision (n=6)
● Lost to FU (n=3)
● Protocol deviation (n=1)

Discontinued treatment
n=106

● PD (n=127)
● Physician decision (n=15)
● Death (n=14)
● Withdrawal (n=14)
● AE (n=12)
● Protocol deviation (n=2)
● Other (n=2)c

Discontinued treatment
n=186

● PD (n=14)

Discontinued treatment
n=14

Fig. 1  Patient disposition. aTwo patients who were randomized to the 
EU-bevacizumab group had EGFR mutations associated with lack 
of responsiveness to EGFR TKI therapy (EGFR exon 20 insertions). 
The patients were permitted to be enrolled by the investigator and 
sponsor since TKI therapy was not an option for their treatment. bOne 
patient in the CT-P16 group accidentally missed a CT-P16 dose in 
Cycle 4 but was considered as having completed the induction period 

and entered the maintenance period. cTwo patients in each treatment 
group discontinued as treatment could not be resumed within 6 weeks 
of the last dose; one patient in the CT-P16 group discontinued due 
to a change in the patient’s financial status. AE adverse event, EGFR 
epidermal growth factor receptor, EU-bevacizumab European Union-
approved reference bevacizumab, FU follow-up, PD progressive dis-
ease, TKI tyrosine kinase inhibitor
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groups, respectively. Overall, the most frequently reported 
TEAEs in either treatment group were alopecia (CT-P16: 
n = 220 [63.8%]; EU-bevacizumab: n = 218 [63.4%]) and 
anemia (CT-P16: n = 109 [31.6%]; EU-bevacizumab: n = 93 
[27.0%]) (ESM Table S2).

The proportions of patients with serious TEAEs, TEAEs 
leading to discontinuation, or TEAEs leading to death 
were similar between treatment groups (Table 3). Three 
deaths in the CT-P16 group (n = 1 each due to pulmonary 

hemorrhage, sepsis, and subarachnoid hemorrhage) and 
seven deaths in the EU-bevacizumab group (n = 2 due to 
pulmonary hemorrhage and n = 1 each due to cardiac arrest, 
cerebral infarction, lung abscess, septic shock, and sudden 
death) were considered by the investigator to be related to 
the study drug. The proportions of patients experiencing 
at least one TEAESI were low and well balanced between 
treatment groups (Table 3). In both groups, the most fre-
quent TEAESI was hypertension (CT-P16: n = 44 [12.8%]; 

Table 1  Baseline characteristics (intent-to-treat population)

Data are expressed as n (%) unless otherwise specified
ECOG PS Eastern Cooperative Oncology Group performance status, EU-bevacizumab European Union-approved reference bevacizumab, NSCC 
NOS non-small cell carcinoma not otherwise specified
a Two patients in the EU-bevacizumab group had signet ring cell carcinoma
b One patient in the EU-bevacizumab group was enrolled as stage IIIB adenocarcinoma and was excluded from the per-protocol population due to 
violation of inclusion criterion
c Cytotoxic chemotherapy was the only authorized prior anticancer systemic therapy, of which cisplatin was the most frequently reported (CT-
P16: n = 4 [1.2%]; EU-bevacizumab: n = 6 [1.7%])

Parameter CT-P16 [N = 342] EU-bevacizumab [N = 347] Overall [N = 689]

Median age, years (range) 62 (32–82) 62 (26–82) 62 (26–82)
Female 119 (34.8) 125 (36.0) 244 (35.4)
Race
 American Indian or Alaska Native 9 (2.6) 9 (2.6) 18 (2.6)
 Asian 59 (17.3) 55 (15.9) 114 (16.5)
 Black or African American 2 (0.6) 1 (0.3) 3 (0.4)
 White 264 (77.2) 264 (76.1) 528 (76.6)
 Other 8 (2.3) 18 (5.2) 26 (3.8)

Median weight, kg (range) 67 (36–131) 69 (35–126) 68 (35–131)
ECOG PS
 Grade 0 105 (30.7) 110 (31.7) 215 (31.2)
 Grade 1 237 (69.3) 237 (68.3) 474 (68.8)

Disease status
 Recurrent 25 (7.3) 33 (9.5) 58 (8.4)
 Metastatic 317 (92.7) 314 (90.5) 631 (91.6)

Final pathological diagnosis
 Adenocarcinoma 336 (98.2) 340 (98.0) 676 (98.1)
 Large cell carcinoma 3 (0.9) 2 (0.6) 5 (0.7)
 NSCC NOS 1 (0.3) 1 (0.3) 2 (0.3)
 Adenosquamous carcinoma 2 (0.6) 2 (0.6) 4 (0.6)
  Othera 0 2 (0.6) 2 (0.3)

Clinical stage
  IIIBb 0 1 (0.3) 1 (0.1)
 IVA 147 (43.0) 164 (47.3) 311 (45.1)
 IVB 170 (49.7) 149 (42.9) 319 (46.3)
 Recurrent 25 (7.3) 33 (9.5) 58 (8.4)

Prior treatment
 Surgery 27 (7.9) 37 (10.7) 64 (9.3)
 Radiotherapy 41 (12.0) 42 (12.1) 83 (12.0)
 Anticancer systemic  therapyc 6 (1.8) 10 (2.9) 16 (2.3)
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EU-bevacizumab: n = 39 [11.3%]) (Table 3). Most TEAESIs 
of hypertension were grade 2–3 in severity.

Clinical laboratory findings demonstrated that, at the 
time of analysis, there was no evidence of any intergroup 
differences in clinical chemistry, hematology, coagulation, 
and urinalysis parameters. In general, there were no notable 
differences between treatment groups in the proportions of 
patients with clinically notable vital sign results or clini-
cally significant electrocardiogram results.

3.5  Immunogenicity

Five (1.4%) patients in the CT-P16 group and seven (2.0%) 
patients in the EU-bevacizumab group tested positive for 
ADAs at baseline. One (0.3%) patient in the CT-P16 group 
tested positive for NAbs at baseline. At the time of analy-
sis, the proportion of patients with a positive ADA result 
at any time during the study was similar between treatment 
groups (CT-P16: n = 78 [22.6%]; EU-bevacizumab: n = 83 
[24.1%]). NAb tests were only performed for patients with 
positive ADA results; the proportion of patients with a posi-
tive NAb result at any time during the study was low and 
similar between treatment groups (CT-P16: n = 8 [2.3%]; 
EU-bevacizumab: n = 8 [2.3%]).

Table 2  Objective response rate during the induction period (primary endpoint; central review)

CI confidence interval, EU-bevacizumab European Union-approved reference bevacizumab

Parameter CT-P16 EU-bevacizumab

Intent-to-treat population
(primary analysis)

N = 342 N = 347

Best overall response [n (%)]
 Complete response 2 (0.6) 3 (0.9)
 Partial response 143 (41.8) 143 (41.2)
 Stable disease 156 (45.6) 140 (40.3)
 Progressive disease 17 (5.0) 19 (5.5)
 Non-evaluable 3 (0.9) 3 (0.9)
 Missing 21 (6.1) 39 (11.2)

Objective response rate, % (95% CI) 42.40 (37.16–47.64) 42.07 (36.88–47.27)
Risk difference for CT-P16:EU-bevacizumab (95% CI) 0.40 (−7.02 to 7.83)
Risk ratio for CT-P16:EU-bevacizumab (90% CI) 1.0136 (0.8767–1.1719)
Per-protocol population
(supportive analysis)

N = 318 N = 303

Best overall response [n (%)]
 Complete response 2 (0.6) 3 (1.0)
 Partial response 142 (44.7) 140 (46.2)
 Stable disease 154 (48.4) 138 (45.5)
 Progressive disease 17 (5.3) 19 (6.3)
 Non-evaluable 3 (0.9) 3 (1.0)

Objective response rate, % (95% CI) 45.28 (39.81–50.75) 47.19 (41.57–52.82)
Risk difference for CT-P16:EU-bevacizumab (95% CI) −1.90 (−9.80 to 6.00)
Risk ratio for CT-P16:EU-bevacizumab (90% CI) 0.9962 (0.8387–1.1132)
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4  Discussion

This phase III clinical trial was the first to compare the 
candidate biosimilar CT-P16 with reference bevacizumab. 
Equivalent efficacy was demonstrated between CT-P16 and 
EU-bevacizumab in terms of the primary endpoint—ORR 
based on BOR during the induction period—in patients with 
metastatic or recurrent nsNSCLC. Comparable efficacy 
between treatment groups was also demonstrated for sec-
ondary efficacy endpoints evaluable at the time of analysis, 
including PFS and OS, further supporting bioequivalence 
between CT-P16 and reference bevacizumab. In addition, 
Ctrough levels were comparable between groups at all time-
points assessed. The proportion of patients with ADAs at 
baseline was low in both treatment groups, and a similar pro-
portion of patients in each group had positive ADA results 
during the study. Overall, the safety profile of CT-P16 was 
comparable with that of EU-bevacizumab and no new safety 
concerns have been identified to date.

In the present study, the ORR based on BOR during 
the induction period was approximately 42% in both treat-
ment groups, which was comparable with historical clinical 
trial data for reference bevacizumab administered in com-
bination with paclitaxel and carboplatin in patients with 

stage IIIB/IV NSCLC (35–54%) [10, 31–35]. In contrast, 
median OS and PFS in the present study (17.1 months and 
7.9 months, respectively, with CT-P16, and 15.6 months 
and 7.2 months, respectively, with EU-bevacizumab) were 
longer than reported with bevacizumab plus paclitaxel and 
carboplatin in the pivotal phase III study (12.3 months and 
6.2 months, respectively) [10]. Similar patient populations 
were enrolled in the two studies (although a slightly lower 
proportion of females was enrolled in the present study), 
and identical dosing regimens were employed. Thus, the 
apparently longer durations of PFS and OS observed in the 
present study may be accounted for by advances in medical 
practices (such as supportive therapies, and for OS, the avail-
ability of new subsequent lines of therapy) since the pivotal 
phase III study for the reference product was conducted. 
More recent studies evaluating biosimilars of bevacizumab 
may better reflect the current standard of care for patients 
with nsNSCLC. Accordingly, median PFS and OS reported 
with reference bevacizumab in biosimilar studies are more 
comparable with findings from the current study, ranging 
from 7.6 to 8.6 months and from 15.8 months to not reached 
after 18 months of follow-up, respectively [31–35].

The strengths of the current study include the randomized, 
double-blind design, and that it was conducted in multiple 

Table 3  Summary of TEAEs (safety population)

Data are expressed as n (%)
EU-bevacizumab European Union-approved reference bevacizumab, GI gastrointestinal, IRR infusion-related reaction, PRES posterior reversible 
encephalopathy syndrome, TEAE treatment-emergent adverse event, TEAESI TEAE of special interest
a Three patients who were randomized to the EU-bevacizumab treatment group were included in the CT-P16 safety population as the patients 
incorrectly received CT-P16 during the treatment period

CT-P16
[N =  345a]

EU-bevacizumab
[N = 344]

Patients with one or more TEAE of any cause
 Any 332 (96.2) 320 (93.0)
 Grade 3 or higher 151 (43.8) 144 (41.9)
 Serious 69 (20.0) 73 (21.2)
 Leading to discontinuation 55 (15.9) 55 (16.0)
 Leading to death 23 (6.7) 24 (7.0)

Patients with one or more TEAESI
 Hypersensitivity/IRRs 11 (3.2) 16 (4.7)
 GI perforations/fistulae 3 (0.9) 5 (1.5)
 Wound healing complications 1 (0.3) 0
 Hypertension 44 (12.8) 39 (11.3)
 PRES 1 (0.3) 0
 Proteinuria 42 (12.2) 38 (11.0)
 Arterial thromboembolism 2 (0.6) 4 (1.2)
 Venous thromboembolism 10 (2.9) 5 (1.5)
 Hemorrhages 40 (11.6) 37 (10.8)
 Congestive heart failure 3 (0.9) 2 (0.6)
 Ovarian failure/fertility 0 0
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countries. The study used well-established efficacy measures 
and endpoints, and utilized central review by blinded independ-
ent reviewers for efficacy assessment, alongside local review 
to corroborate the central review findings. Findings from the 
sensitivity analysis, which analyzed ORR according to local 
review of tumor images, were in line with those from the pri-
mary analysis by central review in the CT-P16 group (42.40% 
and 43.86%, respectively) and EU-bevacizumab group (42.07% 
and 39.19%, respectively). A potential limitation of this study is 
that participants were mostly White or Asian; Black or African 
American patients only accounted for 0.4% of the enrolled ITT 
population. Therefore, the findings may lack generalizability in 
populations that are not White or Asian.

Another potential limitation of the current study is that 
patients received EU-bevacizumab or CT-P16 in combina-
tion with chemotherapy only, without the addition of another 
targeted therapy or immune checkpoint inhibitor, which 
might be indicated for some patients [36, 37]. However, 
ALK- and EGFR-targeted therapies would not have been 
suitable for participants in the current study, as patients with 
ALK rearrangements or EGFR mutations were ineligible. In 
addition, the comparison of CT-P16 and EU-bevacizumab, 
both in combination with chemotherapy, is aligned with the 
approaches taken for the evaluation of other bevacizumab 
biosimilars licensed by the FDA and/or EMA to date [31–33, 
35, 38]. Despite the advent of immunotherapies, bevacizumab 
remains an important element of the nsNSCLC treatment 
landscape [9], including for patients with contraindications 
for immune checkpoint inhibitor therapy (such as autoim-
mune disease) [36]. Chemotherapy with or without bevaci-
zumab plus an immune checkpoint inhibitor is widely used as 
a standard treatment for patients with nsNSCLC in developed 
countries. However, there are some limitations to the use of 
these regimens globally, such as financial barriers and patient 
access issues, particularly in developing countries [16, 39, 
40]. As a bevacizumab biosimilar, CT-P16 might help to 
alleviate some of the pharmacoeconomic challenges faced 
by healthcare systems aiming to deliver effective therapies 
for patients with nsNSCLC [16]. In addition, bevacizumab-
based regimens may be associated with a reduction in brain 
metastasis, with lower incidence reported for patients with 
nsNSCLC treated with a bevacizumab- and atezolizumab-
based regimen versus an atezolizumab-based regimen [41].

While the current article reports data after 1 year of follow-
up for the last patient enrolled, the study is ongoing and full 
data for secondary endpoints due to be assessed during the 
whole study period, as well as longer-term safety data, will 
become available upon study completion. This will allow fur-
ther understanding of the comparability of the efficacy, safety, 
and immunogenicity of CT-P16 to EU-bevacizumab. Another 
future consideration is that EMA and FDA approval pathways 
permit extrapolation of regulatory approval for biosimilars to 

all indications licensed for the reference product, provided 
this is scientifically justified and supported by the findings of 
the comprehensive comparability exercise with the reference 
product [17, 18]. Considerations for extrapolation of regulatory 
approval for bevacizumab biosimilars have been discussed in 
detail in a recent review article [42]; indeed, the extrapolation 
of results was mentioned for a phase III study of the bevaci-
zumab biosimilar FKB238 in patients with nsNSCLC [34]. 
As such, data from the CT-P16 development program, includ-
ing the CT-P16 3.1 study reported herein, are anticipated to 
support extrapolation of regulatory approval for CT-P16 to all 
indications approved for reference bevacizumab, if biosimilar-
ity is established by the regulatory authorities.

5  Conclusion

The initial findings from this ongoing, phase III trial demon-
strate the equivalent efficacy of CT-P16 to EU-bevacizumab 
in patients with metastatic or recurrent nsNSCLC. Safety, 
immunogenicity, and pharmacokinetics were also compa-
rable between groups.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40259- 022- 00552-8.
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