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Plain language summary

Previous studies established bioequivalence of the proposed bevacizumab biosimilar MYL-
1402O to reference bevacizumab. In this randomized, double-blind, phase III trial, MYL-
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Abstract
Purpose: This phase III study compared the efficacy and safety of proposed biosimilar MYL-
1402O with reference bevacizumab (BEV), as first-line treatment for patients with stage IV 
non-squamous non-small-cell lung cancer.
Patients and methods: Patients were randomly assigned (1:1) to receive MYL-1402O or 
bevacizumab with carboplatin-paclitaxel up to 18 weeks (6 cycles), followed by up to 24 weeks 
(8 cycles) of bevacizumab monotherapy. The primary objective was comparison of overall 
response rate (ORR), based on independently reviewed best tumor responses as assessed 
during the first 18 weeks. ORR was analyzed per US Food and Drug Administration (ratio of 
ORR) and European Medicines Agency (difference in ORRs) requirements for equivalence 
evaluation. Secondary end points included progression-free survival, disease control rate, 
duration of response, overall survival, safety, and immunogenicity over a period of 42 weeks, 
and pharmacokinetics (up to 18 weeks).
Results: A total of 671 patients were included in the intent-to-treat population. The ratio 
of ORR was 0.96 [confidence interval (CI) 0.83, 1.12] and the difference in ORR was −1.6 (CI 
−9.0, 5.9) between treatment arms; CIs were within the predefined equivalence margins. 
Overall, the incidence of treatment-emergent adverse events and serious adverse events was 
comparable. Treatment-emergent anti-drug antibody (ADA) positivity was transient, with no 
notable differences between treatment arms (6.5% versus 4.8% ADA positivity rate in MYL-
1402O versus BEV, respectively). The incidence of neutralizing antibody post-baseline was 
lower in the MYL-1402O arm (0.6%) compared to the bevacizumab arm (2.5%).
Conclusions: MYL-1402O is therapeutically equivalent to bevacizumab, based on the ORR 
analyses, with comparable secondary endpoints.
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1402O (n = 337) demonstrated comparable efficacy to bevacizumab (n = 334) in treating 
advanced non-squamous non-small-cell lung cancer per Food and Drug Administration 
and European Medicines Agency requirements for equivalence; the ratio of objective 
response rate (ORR) was 0.96 [90% confidence interval (CI) 0.83, 1.12] and the difference 
in ORR (MYL-1402O:bevacizumab) was −1.6 (95% CI −9.0, 5.9). Median progression-free 
survival at 42 weeks was comparable: 7.6 (7.0, 9.5) with MYL-1402O versus 9.0 (7.2, 9.7) 
months (p = 0.0906) with bevacizumab, by independent review. Treatment-emergent 
adverse events leading to death (2.4% vs 1.5%), serious adverse events (17.6% vs 16.7%), 
and antidrug antibodies (6.5% vs 4.8%), were comparable in the MYL-1402O vs bevacizumab 
arms, respectively. The incidence of neutralizing antibody post-baseline was lower with 
MYL-1402O (0.6%) than with bevacizumab (2.5%). These findings confirm therapeutic 
equivalence of MYL-1402O to bevacizumab, providing opportunities for improving access 
to bevacizumab.
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Introduction
Lung cancer is the most common cause of can-
cer-related mortality in the United States and 
worldwide, with 228,820 new cases and 135,720 
deaths from lung and bronchial cancer estimated 
in the US in 2020.1,2 Significant therapeutic 
advances over the past decade, including the 
addition of targeted therapies, immunotherapy, 
and antiangiogenic agents, have altered the treat-
ment paradigm of non-small-cell lung cancer 
(NSCLC), providing opportunities for inducing 
durable responses and prolonging survival.3–5 
Antiangiogenic agents approved for NSCLC 
indications include the monoclonal antibodies 
bevacizumab (BEV) and ramucirumab, as well as 
the tyrosine kinase inhibitor nintedanib.3,6,7

Bevacizumab (Avastin; Genentech, South San 
Francisco, CA, USA), a vascular endothelial 
growth factor A-targeting monoclonal antibody 
with antiangiogenic properties across tumor 
types, was first approved 15 years ago by the US 
Food and Drug Administration (FDA) and 
European Medicines Agency (EMA) for meta-
static colorectal cancer.8 Bevacizumab has since 
gained approval for multiple solid tumor indica-
tions, including for the first-line treatment of 
patients with advanced or recurrent non-squa-
mous NSCLC (nsNSCLC), in combination with 
platinum-based chemotherapy, based on signifi-
cant improvement in overall survival (OS).7–10

Despite improvements in OS and progression-
free survival (PFS) with bevacizumab-based 

regimens in many cancers, patient access to this 
angiogenic therapy may be limited by lack of 
reimbursement and/or high out-of-pocket costs.11 
Bevacizumab biosimilars have been approved for 
all indications authorized for reference bevaci-
zumab, except for indications covered by regula-
tory exclusivity.11–15 The development, regulatory 
approval, and availability of these and other pro-
posed bevacizumab biosimilars may improve 
patient access to this antiangiogenic therapy that 
has become an integral, standard-of-care (SOC) 
component for many malignancies.11

MYL-1402O, a proposed biosimilar to reference 
bevacizumab, has been developed and exten-
sively characterized using state-of-the-art phys-
icochemical and functional tests. These in vitro 
assays demonstrate that MYL-1402O is similar 
to bevacizumab in all critical quality attributes 
that could potentially affect the structure, safety, 
and efficacy. Subsequently, the bioequivalence 
with regard to pharmacokinetic (PK) parameters 
and comparability of most treatment-emergent 
adverse events (TEAEs) was confirmed in a sin-
gle-center, randomized, double blind, three-
arm, parallel-group phase I study (ClinicalTrials.
gov Identifier: NCT02469987).16,17 The pri-
mary objective of the current confirmatory study 
was to demonstrate the equivalence of MYL-
1402O to reference bevacizumab with regard to 
efficacy, safety, and immunogenicity, when used 
as a first-line treatment for stage IV nsNSCLC 
in combination with carboplatin and paclitaxel 
(CP).
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Patients and methods
This study was conducted in compliance with the 
International Council for Harmonization Good 
Clinical Practice guidelines and the Declaration 
of Helsinki. The study was reviewed and approved 
by an independent ethics committee or institu-
tional review board for each of the 102 study sites. 
Written informed consent was obtained from all 
patients before randomization and before any 
study-related procedures were performed.

Patients
Eligible patients were adults ⩾18 years of age 
with a histological or cytological diagnosis of 
advanced nsNSCLC with negative or unknown 
sensitizing EGFR mutation, and negative or 
unknown EML4-ALK rearrangement; with a 
documented imaging diagnosis of stage IV unre-
sectable, recurrent, or metastatic nsNSCLC per 
American Joint Committee on Cancer 8th edition 
classification;18 with ⩾1 measurable lesions as 
defined by Response Evaluation Criteria in Solid 
Tumors (RECIST) 1.1; with an Eastern 
Cooperative Oncology Group (ECOG) perfor-
mance status of 0 or 1, having at least 6 months of 
expected survival; who have not received any 
prior systemic therapy for first-line treatment of 
advanced lung cancer except adjuvant chemo-
therapy, and remained disease-free for at least 
12 months from the time of surgery and at least 
6 months from the last dose of chemotherapy; 
with adequate bone marrow, liver, and renal 
function. Key exclusion criteria included docu-
mented squamous NSCLC or small-cell type or 
large-cell neuroendocrine histology; active malig-
nancy within the past 5 years; central tumors with 
proximity to large vessels; tumor with cavitation; 
and treatment with paclitaxel, bevacizumab, or 
carboplatin. A complete list of exclusion criteria 
can be found in the Supplemental Data.

Study design and treatment
This was a multicenter, randomized, double-
blind, two-arm, parallel-group, equivalence phase 
III study (EudraCT no.: 2015-005141-32; first 
entered 10 January 2017). The study was con-
ducted at 102 sites in 17 countries, with 671 
patients randomly assigned (first patient ran-
domly assigned 21 January 2017): 456 (68.0%) 
patients from Europe, 191 (28.5%) from India, 
and 24 (3.6%) from Southeast Asia. Random 
assignment was stratified by sex (male or female), 
smoking status (smoker or <100 cigarettes in 

entire lifetime), and number of metastasis sites 
(one site or multiple sites). The study consisted of 
screening/baseline (up to 4 weeks), treatment 
period 1 (up to week 18) and period 2 (up to 
week 42), and safety follow-up. Patients were 
randomly assigned (1:1) to receive either MYL-
1402O or bevacizumab with CP for up to 18 weeks 
(6 cycles) in period 1, with tumor assessments 
[computed tomography (CT) scan or magnetic 
resonance imaging (MRI)] performed every 
6 weeks. This was followed by period 2, with up 
to 24 weeks (8 cycles) of monotherapy, if the 
patient had a response of stable disease (SD) or 
better [i.e. complete response (CR) or partial 
response (PR)] as assessed using RECIST 1.1 
criteria at the end of period 1, with tumor assess-
ments every 12 weeks (Figure 1).

Study drugs (MYL-1402O or bevacizumab; 
15 mg/kg infusion) were administered intrave-
nously on day 0 of each cycle, with each cycle 
lasting 21 days (±3 days) for up to 6 treatment 
cycles, in combination with CP and then alone as 
maintenance therapy. Chemotherapy consisted of 
carboplatin [dose, area under the curve (AUC) 6; 
maximum dose, 900 mg], followed by paclitaxel 
(200 mg/m2 or 175 mg/m2, as per institutional 
SOC), administered by continuous intravenous 
infusion, after infusion of study drugs was com-
pleted without infusion-related adverse events 
(AEs; Figure 1). The schedule of assessments and 
procedures are described in detail in the 
Supplemental Data.

The initial version of the protocol was finalized on 
9 March 2016, and was amended twice; details of 
the changes can be found in the final version 
(dated 19 February 2019), available at 
Clinicaltrialsregister.eu.

Study endpoints
Efficacy. The primary efficacy endpoint was over-
all response rate (ORR), based on best tumor 
responses as assessed by an independent review 
(IR) at any time point during the first 18 weeks. 
Because the FDA and the EMA use different 
approaches to determine equivalence based on 
the ORR, two primary analyses for the ORR were 
conducted (see Statistical analyses). The sub-
group analyses of ORR were performed based on 
the following subgroups: age, sex, race, smoking 
status, number of metastasis sites, prior radiation 
therapy, ECOG status, negative or unknown sen-
sitizing EGFR mutation, negative or unknown 
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EML4-ALK rearrangement, and geographical 
region. The secondary efficacy endpoints were 
disease control rate (DCR), PFS, OS, and dura-
tion of response (DOR). Time to first objective 
response was also calculated [(date of first objec-
tive response – date of randomization +1)/7] in 
weeks and categorized as 0–7, 13, and 19 weeks. 
Efficacy assessments consisted of independently 
reviewed tumor assessments (at least a CT scan 
or MRI of the thorax and abdomen), but treat-
ment decisions were based on the investigator’s 
assessment (IA) of radiological data. Tumor 
response parameters – CR, PR, SD, or progres-
sive disease (PD) – were evaluated using the 
RECIST 1.1 criteria. In period 1, tumor assess-
ments were performed every 6 weeks after the first 
dose of bevacizumab (weeks 6, 12, and 18). In 
period 2, tumor assessments were performed 
every 12 weeks (weeks 30 and 42). PFS rates were 
calculated at 18, 30, and 42 weeks, and median 
PFS was determined at 42 weeks. OS rates were 
calculated at 18 and 42 weeks.

Safety. TEAEs were monitored throughout the 
study. Safety assessments included causality, inci-
dence, nature, and severity of AEs (National Can-
cer Institute Common Terminology Criteria for 
Adverse Events; version 4.03 severity grading) 
including adverse drug reactions, ECOG perfor-
mance status, clinical laboratory evaluations, 
detection of antibodies to bevacizumab, vital 
signs, and physical examinations. AEs of interest 
included hypertension, proteinuria, bleeding, 

gastrointestinal perforations, jaw osteonecrosis, 
venous and arterial thromboembolic events, and 
cardiac failure. Safety data were reported through-
out the study, from the screening period, through 
bevacizumab treatment, and the end of treatment 
or safety follow-up visit (for patients who discon-
tinued treatment).

Pharmacokinetics
Blood samples for PK analysis were collected 
from all patients at predose (if possible within 
1 hour prior to bevacizumab dosing) in cycles 1 
through 6 of period 1 and cycles 704 and 708 of 
period 2, and postdose (within 15 minutes after 
bevacizumab infusion) in cycles 1, 2, 4, and 6 of 
period 1, as well as two additional PK samples in 
all patients in any cycle in period 1 and at the 
safety follow-up visit. In addition, an unsched-
uled drug concentration blood sample was to be 
collected if a hypersensitivity reaction occurred, 
as quickly as possible after the event occurred. 
Serum samples were analyzed at a central labora-
tory for bevacizumab concentration using a fully 
validated enzyme-linked immunosorbent assay. 
The PK profiles of MYL-1402O and bevaci-
zumab were compared using a population PK 
approach. The population PK set consisted of all 
randomly assigned patients who completed at 
least one dose of allocated study medication and 
who provided at least one evaluable postdose 
drug concentration for population PK analysis. 
The PK parameters and exposure estimates 

Figure 1. Study design.
AUC 6, area under the curve 6 (maximum carboplatin dose of 900 mg).
BEV, bevacizumab; C, carboplatin; EOT, end of treatment; IV, intravenous; P, paclitaxel.
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assessed included AUC, maximum concentration 
(Cmax), minimum concentration (Cmin), clearance 
(CL), volume, and terminal elimination half-life.

Immunogenicity
Immunogenicity testing was performed to detect 
antidrug antibodies (ADAs) and neutralizing 
antibodies against MYL-1402O and bevaci-
zumab. Blood samples were collected before drug 
administration at baseline (predose) within 1 hour 
of drug administration in cycle 1, in cycles 2, 4, 
and 6 of period 1, in cycles 704 and 708 in period 
2, and at the safety follow-up visit. An unsched-
uled blood sample was collected for immuno-
genicity analysis, concomitant with a drug 
concentration sample, if a hypersensitivity reac-
tion occurred, as quickly/soon as possible after 
the event occurred. A single validated assay using 
MYL-1402O-labeled reagents was employed for 
detection of antibodies against MYL-1402O and 
bevacizumab. The method used a bridging immu-
noassay format combined with the Meso Scale 
Discovery detection technology. In keeping with 
the multitiered sample analysis recommendations 
for immunogenicity testing, the assay was struc-
tured into four tiers: screening, confirmation, 
titration, and neutralizing antibody (NAb). Only 
samples confirmed positive for ADAs were tested 
further for NAbs. A single validated competitive 
ligand-binding assay using MYL-1402O-labeled 
reagents was employed for the detection of NAbs 
against MYL-1402O and bevacizumab.

Statistical analyses
For the primary endpoint, ORR, two analyses 
were conducted based on the FDA and EMA 
requirements for assessment of equivalence. 
According to the FDA’s requirement, the ORRs 
for both MYL-1402O and bevacizumab were cal-
culated and the ratio of the ORRs was used to 
determine if MYL-1402O was equivalent to bev-
acizumab. A two-sided 90% confidence interval 
(CI) for the ratio of the ORRs during the first 
18 weeks was calculated, with no adjustment for 
covariates. According to the EMA’s requirement, 
an asymptotic two-sided 95% CI for the differ-
ence in ORRs at week 18 was calculated using the 
Wald CI without adjustment for covariates. 
Primary analysis was conducted in the intent-to-
treat (ITT) population. Sensitivity analysis of the 
primary endpoint was performed using the fol-
lowing analysis populations: IR in per-protocol 
and best tumor response confirmed at another 

time point in the ITT population, and IA of 
tumor response [derived best overall response 
(BOR)] and best tumor response confirmed at 
another time point in the ITT population.

The DCR (rate of CR + PR + SD) was evaluated 
as a ratio, with the 90% CI estimated using loga-
rithmic transformation with no adjustment for 
covariates. An asymptotic two-sided 95% CI for 
the difference in DCRs was also calculated. These 
analyses were based on the ITT population using 
BOR derived from IR data, with sensitivity analy-
ses performed based on the per-protocol popula-
tion and investigator data.

PFS and OS for the secondary efficacy endpoints 
were evaluated using Kaplan–Meier plots, with 
PFS rates calculated at 18, 30, and 42 weeks, and 
median PFS determined at 42 weeks. Survival 
rates at weeks 18 and 42 have been presented 
along with estimates of the relative risk and the 
associated 95% CI. DOR for the secondary effi-
cacy endpoints was evaluated using the same sta-
tistical analysis methods outlined above. The 
study was not powered for these secondary end-
points to demonstrate equivalence, but compara-
bility of the results was evaluated.

A mammillary, two-compartment model with 
zero-order input was utilized for the population 
PK analysis. Individual empiric Bayesian esti-
mates were used to predict PK measures reflect-
ing exposure to drug. The population PK analyses 
were conducted by grouping patients according 
to the treatment (MYL-1402O or bevacizumab) 
they actually received. All exploratory PK data 
analyses and presentations of data were per-
formed using SAS 9.4 (Cary, NC, USA) and 
KIWI 4 (Cognigen; Buffalo, NY, USA). 
Population PK modeling was performed using 
the NONMEM version 7.3.0 (Icon Development 
Solutions, Ellicott City, MD, USA) non-linear 
mixed effects modeling software package. PK 
parameters and exposure estimates were com-
pared between treatment arms.

The safety analysis was conducted with data for 
all randomized patients who completed at least 
one dose or partial dose of MYL-1402O or beva-
cizumab, with patients grouped according to the 
treatment they actually received. TEAEs and seri-
ous AEs were descriptively summarized by sys-
tem organ class, preferred term, and treatment 
group, as well as by severity and relationship to 
MYL-1402O. Based on the known safety profile 
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of bevacizumab, AEs of interest were searched 
against several key standardized MedDRA que-
ries and analyzed fully to characterize and com-
pare the safety profile of MYL-1402O with 
reference bevacizumab. Descriptive summaries of 
observed values and change from baseline were 
presented for clinical laboratory evaluations 
(hematology and serum biochemistry) by treat-
ment group. For immunogenicity data, the num-
ber and percentage of ADA-positive patients were 
summarized for each treatment group.

Sample sizes of 588 patients for the FDA-
recommended endpoint and 628 patients for the 
EMA-recommended endpoint were required to 
provide at least 80% power to declare MYL-
1402O equivalent to bevacizumab in the analysis 
of ORR at week 18. These sample sizes assumed 
that both treatment groups would exhibit an ORR 
of 38% at week 18. Therefore, a sample size of 
628 patients was chosen to satisfy the recommen-
dations of both regulatory agencies for equiva-
lence analysis. A planned blinded sample size 
re-estimation was conducted after at least 30% of 
the required patients had either discontinued 
early or completed week 18 and the sample size 
was increased to 670 patients based on a prespec-
ified algorithm to maintain the power per EMA 
requirement.

Results

Patients and exposure
Between January 2017 and January 2019, 671 
patients (MYL-1402O, 337; bevacizumab, 334) 
were enrolled at 102 sites in 17 countries and ran-
domly assigned, with all randomly assigned patients 
included in the ITT population (Figure 2).

The safety population included 664 patients; 335 
in the MYL-1402O arm and 329 in the bevaci-
zumab arm, who completed at least one dose or 
partial dose of MYL-1402O or bevacizumab. A 
total of 199 (59.1%) patients in the MYL-1402O 
arm and 207 (62.0%) patients in the BEV arm 
completed all 42 weeks of the study (including 
those who did not enter treatment period 2, but 
completed follow-up until week 42).

Demographics and baseline disease characteris-
tics were well balanced between treatment groups 
with respect to age, race, height, and ECOG sta-
tus. Sex, smoking status, and number of metasta-
sis sites were used for stratification, leading to 

balance between the treatment arms (Table 1) 
Additional patient characteristics and medical 
history were also balanced (Supplemental Tables 
2 and 3). The mean age of patients was 59 years 
in both treatment arms; the majority (63.2%) of 
the patients were men and 53.5% were smokers. 
Most patients in both treatment groups were 
white (MYL-1402O, 67.1%; bevacizumab, 
69.5%) and about 30% were Asian (MYL-
1402O, 32.9%; bevacizumab, 30.5%). About 
62% of the patients had multiple metastasis sites. 
The proportion of patients with M1c substage 
was slightly higher in the MYL-1402O arm [125 
(37.1%) versus 117 (35.0%) in the bevacizumab 
arm]; however, all patients were in stage IV at the 
time of randomization, as per the study protocol. 
The number of patients with prior anticancer sur-
gery was 86 (25.5%) in the MYL-1402O arm, 
compared with 100 (29.9%) in the bevacizumab 
arm; 44 (13.1%) and 33 (9.9%) patients had 
prior anticancer radiotherapy in the MYL-1402O 
and bevacizumab arms, respectively.

Overall, study drug was administered to 664 
patients (MYL-1402O, 335; bevacizumab, 329), 
who completed at least one dose or partial dose. 
Exposure to treatment agents was comparable 
between the arms; the mean duration of exposure 
was 27.2 [standard deviation (SD), 15.13] and 
27.3 (14.65) weeks, and the mean number of 
doses was 8.7 (4.86) and 8.7 (4.74) in the MYL-
1402O and bevacizumab arms, respectively. The 
mean dose intensity was 14.5 mg/kg per cycle in 
both treatment arms. Similar numbers of patients 
in the two treatment arms had at least one dose 
delay (period 1, 158 (47.2%) versus 147 (44.7%); 
period 2, 194 (57.9%) versus 186 (56.5%)] in the 
MYL-1402O and bevacizumab groups, respec-
tively. There was no modification of bevacizumab 
dose during this study; however, the dose was 
recalculated if the patient’s weight changed by 
⩾10% during the study. The extent of exposure 
for carboplatin and paclitaxel was comparable 
between the two treatment arms in terms of dose 
and duration of exposure up to week 18; the mean 
number of doses of carboplatin (4.9 versus 5.0) 
and paclitaxel (4.9 versus 5.0) were comparable 
between the treatment arms.

Efficacy
A total of 140 (41.5%) and 144 (43.1%) patients 
in the MYL-1402O and bevacizumab arms, 
respectively, had objective responses (CR or PR; 
BOR based on IR at 18 weeks). Efficacy was  

https://journals.sagepub.com/home/tam


MA Socinski, CF Waller et al.

journals.sagepub.com/home/tam 7

comparable between the MYL-1402O and beva-
cizumab arms; the ratio of ORR (90% CI) was 
0.96 (0.83, 1.12) and the difference in ORR (95% 
CI) was −1.6 (−9.0, 5.9) between treatment arms. 
The CIs were within the predefined equivalence 

margin for ratio and difference in ORR (Table 2; 
Figure 3). These data demonstrate the similarity 
between MYL-1402O and bevacizumab for ORR, 
based on the prespecified criteria as per the FDA 
and EMA requirements.

Figure 2. Patient disposition: intent-to-treat set (42 weeks).
BEV, bevacizumab; ITT, intent-to-treat; TRT, treatment.
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Table 1. Patient demographic and baseline clinical characteristics according to treatment arm.

Characteristic MYL-1402O (N = 337) Bevacizumab (N = 334) Total (N = 671)

Age (years)

 Mean (SD) 59.3 (9.60) 59.2 (9.73) 59.3 (9.66)

 Median 60.0 59.0 60.0

 Min, max 23, 86 35, 83 23, 86

Age category (years), n (%)

 <65 237 (70.3) 236 (70.7) 473 (70.5)

 ⩾65 100 (29.7) 98 (29.3) 198 (29.5)

Sex, n (%)

 Male 213 (63.2) 211 (63.2) 424 (63.2)

 Female 124 (36.8) 123 (36.8) 247 (36.8)

Race, n (%)

 White 226 (67.1) 232 (69.5) 458 (68.3)

 Asian 111 (32.9) 102 (30.5) 213 (31.7)

Ethnicity, n (%)

 Hispanic or Latino 5 (1.5) 4 (1.2) 9 (1.3)

 Not Hispanic or Latino 332 (98.5) 330 (98.8) 662 (98.7)

ECOG performance status n (%)

 0 83 (24.6) 76 (22.8) 159 (23.7)

 1 254 (75.4) 258 (77.2) 512 (76.3)

Smoking status per CRF, n (%)

 Smoker 180 (53.4) 179 (53.6) 359 (53.5)

 Non-smoker 157 (46.6) 155 (46.4) 312 (46.5)

Number of metastasis sites per IWRS, n (%)

 1 126 (37.4) 126 (37.7) 252 (37.6)

 Multiple 211 (62.6) 208 (62.3) 419 (62.4)

Disease stage at initial diagnosis, n (%)

 I 15 (4.5) 9 (2.7) 24 (3.6)

 II 6 (1.8) 10 (3.0) 16 (2.4)

 III 16 (4.7) 9 (2.7) 25 (3.7)

 IV 298 (88.4) 303 (90.7) 601 (89.6)

 Unknown 2 (0.6) 3 (0.9) 5 (0.7)

Disease substage for stage IV patienta, n (%)

(continued)
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The ORRs based on IA at 18 weeks were compa-
rable between treatment arms [152 (45.1%) ver-
sus 158 (47.3%)]. Results for sensitivity analyses 
for ratio and difference in ORR showed equiva-
lence between the two treatment arms, thus con-
firming the robustness of the primary analyses 
(Supplemental Tables 4–12). The subgroup anal-
yses of ORR and difference in ORR were per-
formed based on the following subgroups: age, 
sex, race, smoking status, number of metastasis 
sites, prior radiation therapy, ECOG status, nega-
tive or unknown sensitizing EGFR mutation, neg-
ative or unknown sensitizing EML4-ALK 
rearrangement, and geographical region. Overall, 
the analyses of the ratio of ORR and the differ-
ence of ORR within each of these subgroups sup-
port equivalence between the treatment arms. 

However, for the number of metastasis sites (one; 
ORR ratio) and prior radiation therapy (yes; ORR 
ratio and difference in ORR), the MYL-1402O 
arm showed a slightly lower response compared 
with bevacizumab (Figure 4).

Due to relatively small numbers of patients in 
these subgroups, the results are not considered to 
be clinically relevant.

The secondary endpoints of PFS, DOR, DCR, 
and OS, analyzed at week 42, were also similar 
between the treatment arms. At week 42, the 
median PFS (95% CI) for IR was 7.6 (7.0, 9.5) 
months with MYL-1402O and 9.0 (7.2, 9.7) 
months with bevacizumab (p = 0.0906); PFS for 
IA was 7.8 (7.0, 9.5) months with MYL-1402O 

Characteristic MYL-1402O (N = 337) Bevacizumab (N = 334) Total (N = 671)

 M1a 109 (32.3) 108 (32.3) 217 (32.3)

 M1b 64 (19.0) 78 (23.4) 142 (21.2)

 M1c 125 (37.1) 117 (35.0) 242 (36.1)

Tumor histology, n (%)

 Adenocarcinoma 321 (95.3) 320 (95.8) 641 (95.5)

 Large-cell carcinoma 7 (2.1) 6 (1.8) 13 (1.9)

 Bronchoalveolar 1 (0.3) 0 1 (0.1)

 Not other specified 8 (2.4) 8 (2.4) 16 (2.4)

Time since initial diagnosis of disease (months)

 N 333 333 666

 Mean (SD) 3.69 (11.500) 3.71 (11.003) 3.70 (11.246)

 Median 1.15 1.12 1.13

 Min, max 0.2, 152.8 0.2, 122.5 0.2, 152.8

Time since initial diagnosis of metastatic or advanced disease (months)

 N 326 321 647

 Mean (SD) 1.55 (1.434) 1.73 (3.186) 1.64 (2.464)

 Median 1.12 1.12 1.12

 Min, max 0.1, 16.1 0.1, 45.6 0.1, 45.6

aAll patients were stage IV at the time of enrollment. Substage is not collected for 70 patients; MYL-1402O, 39 (11.5%) and 
bevacizumab, 31 (9.3%) who were not stage IV at the time of initial diagnosis.
CRF, case report form; ECOG, Eastern Cooperative Oncology Group; IWRS, interactive web-response system; SD, standard 
deviation.

Table 1. (continued)
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Table 2. Summary of primary and secondary efficacy results (intent-to-treat population).

Efficacy parameter MYL-1402O (N = 337) n (%) Bevacizumab (N = 334) n (%)

IR IA IR IA

ORR (CR+PR) (%) 41.5 45.1 43.1 47.3

 CR 2 (0.6) 1 (0.3) 3 (0.9) 3 (0.9)

 PR 138 (40.9) 151 (44.8) 141 (42.2) 155 (46.4)

 SD 134 (39.8) 132 (39.2) 144 (43.1) 122 (36.5)

 PD 22 (6.5) 15 (4.5) 14 (4.2) 21 (6.3)

Not evaluable 0 0 0 2 (0.6)

Median PFS,a months (95% CI) 7.6 (7.0, 9.5) 7.8 (7.0, 9.5) 9.0 (7.2, 9.7) 7.3 (7.0, 8.9)

Median DOR,b months (95% CI) 7.7 (6.2, 8.3) 6.9 (5.8, 8.5)

DCR, % (95% CI) 81.3 (77.1, 85.5) 85.5 (81.9, 89.4)

Median OS,c months (95% CI) NC (NC, NC) NC (NC, NC)

aNo statistically significant difference between treatment arms at 42 weeks; the log-rank test showed a p value of 0.0906 
(IR) and 0.4748 (IA) between the treatment arms.
bDOR is defined as the time from start of the first documentation of objective tumor response (CR or PR) to the first 
documentation of disease progression (per RECIST v1.1) or death due to any cause, whichever comes first. The p value 
median DOR for IR was 0.5698.
cThe median OS was not reached in the ITT population at week 42. According to the log-rank test, the difference between 
the survival curves for both treatment groups was not statistically significant (p = 0.1185) (Figure 3).
CR, complete response; DCR, disease control rate; DOR, duration of response; IA, investigator assessment; IR, 
independent review; NC, not calculable; ORR, overall/objective response rate; OS, overall survival; PD, progressive 
disease; PFS, progression-free survival; PR, partial response; RECIST, Response Evaluation Criteria in Solid Tumors; SD, 
stable disease.

Figure 3. Response rate and objective response rate analyses.
BEV, bevacizumab; CI, confidence interval; IA, investigator assessment; IR, independent review; ORR, overall response rate.
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and 7.3 (7.0, 8.9) months with bevacizumab 
(p = 0.4748). The data for patients who received 
new anticancer therapy, two-fold in the bevaci-
zumab arm [34 (10.2%) patients] compared with 
the MYL-1402O arm [17 (5.0%)], including 
those with reported radiological progression as 
per IA (bevacizumab, 27/34; MYL-1402O, 
16/17), were not reported as PD during the IR 
and were therefore censored. The data censoring 
may explain the difference in median PFS 
between IR and IA. When new anticancer ther-
apy was considered as an event (PD) as per the 
predefined sensitivity analyses, the resulting 
median PFS (95% CI) was comparable between 
the two arms, [MYL-1402O, 7.0 (6.9, 7.8) 
months; bevacizumab, 7.1 (7.0, 8.4); log-rank 

test p = 0.4691; Supplemental Table 13). The 
median DOR (95% CI) was 7.7 (6.2, 8.3) months 
in the MYL-1402O arm and 6.9 (5.8, 8.5) 
months in the BEV arm. The DCRs were compa-
rable in the two treatment arms (81.3% versus 
85.6%). The ratio of DCR (90% CI; based on IR 
through week 42) was 0.95 (0.90, 1.00) and the 
difference in DCR (95% CI) was −4.3 (−9.9, 
1.3), indicating similar disease control in the 
treatment groups. The DOR and time to response 
analysis showed that, in the patients with BOR of 
CR/PR, the CR/PR rates were comparable at 6, 
12, 18, and 30 weeks. Times to first objective 
response based on IR and IA in the ITT popula-
tion were also comparable between the two treat-
ment arms. Median OS was not reached at 

Figure 4. Difference of objective response rate, forest plot, independent review, subgroup analysis: intent-to-
treat set.
DORR (MYL-1402O; Avastin, DORR) and 95% CI. The asymptomatic two-sided 95% CI for the difference in ORRs is calculated 
based on the Wald CI.
Best overall response at any time point during the first 18 weeks is assessed according to Response Evaluation Criteria in 
Solid Tumors 1.1.
BEV, bevacizumab; CI, confidence interval; CRF, case report form; DORR, difference in objective response rates; ITT, intent-
to-treat; IWRS, interactive web response system.
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42 weeks; OS rate was 70.0% and 75.4% for 
MYL-1402O and bevacizumab, respectively 
(p = 0.1185) at 42 weeks.

Pharmacokinetics
Population PK analyses indicated no differences 
between the PK profiles of patients in the MYL-
1402O and bevacizumab arms. A number of 
demographic characteristics and clinical labora-
tory parameter covariates that had potential to 
influence the PK of the investigated drugs were 
also assessed. Following the development of the 
base structural model, the influence of covariates 
on selected parameters was evaluated using a 
stepwise forward selection followed by backward 
elimination approach. Treatment was not a sig-
nificant covariate of CL (p = 0.453) or volume of 
the central compartment (p = 0.161) using the 
likelihood ratio χ2 test; model-based exposure 
measures such as AUC, half-life, Cmax, and Cmin 
values, predicted based on the final model for all 
patients in steady state, were also similar between 
treatment arms. These data are consistent with 
the pivotal three-way PK study that demonstrated 
bioequivalence between MYL-1402O and beva-
cizumab in normal, healthy volunteers.16,17

Safety
A summary of the TEAEs is included in 
Supplemental Table 14. Overall, 615 (92.6%) 
patients reported at least one TEAE through week 
42 of the study. The incidence of TEAEs was sim-
ilar between the two treatment arms, occurring in 
311 (92.8%) patients in the MYL-1402O arm 
and 304 (92.4%) patients in the bevacizumab 
arm. The majority of the patients reported grade 1 
or 2 TEAEs [MYL-1402O, 185 (55.2%); bevaci-
zumab, 178 (54.1%)]; grade 3 or 4 TEAEs were 
reported by 101 (30.1%) patients in the MYL-
1402O arm and 112 (34.0%) in the bevacizumab 
arm. A total of 64 (9.6%) patients discontinued 
treatment due to TEAEs; 36 (10.7%) and 28 
(8.5%) in the MYL-1402O and bevacizumab 
arms, respectively. During period 1 (combination 
therapy), 31 (4.7%) grade 5 TEAEs were reported; 
20 (6.0%) in the MYL 1402O arm and 11 (3.3%) 
in the bevacizumab arm] TEAEs leading to death 
in period 1 (combination therapy) were 32 (4.8%) 
patients; 20 (6.0%) and 12 (3.6%) in MYL-
1402O and bevacizumab arms, respectively. In 
period 2 (monotherapy), two grade 5 TEAEs were 
reported; both in MYL-1402O (0.6%). The 

occurrence of most of the reported grade 5 TEAEs 
in the setting of advanced NSCLC and treatment 
with the chemotherapy–bevacizumab combina-
tion suggests that this higher incidence of death 
due to TEAE could be mostly attributed to chem-
otherapy-induced toxicity, rather than bevaci-
zumab therapy alone.

The incidence of TEAEs of interest was similar 
between the arms [MYL-1402O, 71 (21.2%); 
bevacizumab, 81 (24.6%)], including the number 
of patients with TEAEs of interest of grade ⩾3 
[MYL-1402O, 27 (8.1%) versus bevacizumab, 28 
(8.5%)]. Among TEAEs of interest, epistaxis [6 
(1.8%) versus 17 (5.2%)] and hemoptysis [4 
(1.2%) versus 7 (2.1%)] had a numerically lower 
incidence in the MYL-1402O arm compared 
with the bevacizumab arm. Overall, the incidence 
of TEAEs in this study was comparable to that 
reported in phase III studies of other bevacizumab 
biosimilars in similar populations (e.g., 95% with 
ABP 215 and 93.5% with bevacizumab in the 
MAPLE study14 and 96.6% with PF-06439535 
and 96.9% with bevacizumab in NCT02364999).19

Overall, 114 patients experienced serious AEs; 59 
(17.6%) versus 55 (16.7%) in the MYL1402O 
and bevacizumab arms, respectively. The most 
commonly reported ⩾grade 3 AEs of interest 
occurring in >1% of patients were hypertension 
(2.1%), hemorrhage (2.0%) and venous throm-
boembolic events (VTEs; 1.8%), with similar 
incidence between the treatment arms. These 
events occurred at a rate similar to those reported 
for the originator product (across clinical studies, 
grade 3–4 hypertension, 5–18%; hemorrhage, 
0.4–7%; and VTE, 11%).20 No clinically signifi-
cant differences between treatment groups were 
observed in hematology, serum chemistry, uri-
nalysis results, vital signs, physical examination 
findings, or ECOG status from baseline through 
the end of the treatment.

Immunogenicity
The incidence of treatment-emergent ADAs 
(treatment-induced plus treatment-boosted) was 
similar for both treatment arms (MYL-1402O, 
6.5%; bevacizumab, 4.8%). The post-baseline 
incidence of NAbs was numerically lower in the 
MYL-1402O arm (0.6%) than in the bevaci-
zumab arm (2.5%). There were no hypersensitiv-
ity-associated AEs reported in patients with 
post-baseline ADA-positive status.
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Discussion
This phase III study compared the efficacy, safety, 
PK, and immunogenicity of the proposed biosim-
ilar MYL-1402O and the EU-reference bevaci-
zumab. The study met its primary endpoint. The 
ratio of ORR (90% CI) between the MYL-1402O 
and bevacizumab groups was 0.96 (0.83, 1.12), 
with the CI falling within the predefined equiva-
lence margin (0.73, 1.36). The difference in ORR 
(95% CI) between MYL-1402O and bevaci-
zumab was −1.6 (−9.0, 5.9), falling within the 
predefined equivalence margin (−12.5, 12.5). All 
secondary efficacy endpoints and sensitivity anal-
yses of the ORR further support similarity in clin-
ical efficacy. These data provide statistical 
confirmation of the therapeutic equivalence of 
MYL-1402O and reference bevacizumab when 
administered in combination with CP, for both 
FDA and EMA-required prespecified equiva-
lence considerations. Other efficacy endpoints, 
safety, and immunogenicity were also compara-
ble. The frequency, type, and severity of TEAEs 
and AEs of interest were comparable between 
MYL-1402O and bevacizumab, falling within the 
expected range of the type and severity previously 
described in other bevacizumab biosimilar stud-
ies.14,16,21 Overall, TEAEs and TEAEs of interest 
occurred in similar proportions of patients (92.8% 
versus 92.4%) and (21.2% versus 24.6%), in the 
MYL-1402O and bevacizumab arms, respec-
tively. Of the 39 patients who experienced TEAEs 
leading to death during the study, 13 [MYL-
1402O, 8 (2.4%); bevacizumab, 5 (1.5%)] were 
considered to be bevacizumab-related. The inci-
dence of grade 5 TEAEs was comparatively 
higher during bevacizumab–CP combination 
therapy (4.7% overall; MYL-1402O, 6.0%; beva-
cizumab, 3.3%) than during bevacizumab mono-
therapy [2, overall; both in MYL-1402O (0.6%)]. 
This higher incidence of severe (grade 5) TEAEs 
during the chemotherapy–bevacizumab combina-
tion treatment period than the monotherapy 
period suggests that chemotherapy-induced tox-
icity, rather than bevacizumab therapy, is the 
likely reason for the higher incidence of death due 
to TEAEs. No clinically meaningful differences 
were noted for the secondary efficacy endpoints. 
PK profiles and immunogenicity were also similar 
for the treatment groups.

The study was designed based on the Genentech-
sponsored, randomized, phase II AVF0757g 
study, in which bevacizumab was added to the 
ECOG reference regimen established in Study 
ECOG 1594 with CP.21 Additional design 

considerations included guidance from the FDA 
and EMA for establishing biosimilarity, and 
incorporation of advice/input from regulatory 
authorities.22,23 Systematic reviews and meta-
analyses support the potential of improving ORR 
and prolonging OS and PFS with the addition of 
bevacizumab to chemotherapy, including the 
platinum-based CP regimen, in patients with 
advanced NSCLC.24–27 Patients in this study had 
similar efficacy and safety profiles to those in a 
pivotal phase III study (ECOG 4599) of reference 
bevacizumab in NSCLC.9 The totality of these 
considerations supports advanced nsNSCLC as 
an appropriate setting to evaluate clinical equiva-
lence of MYL-1402O, a bevacizumab biosimilar.

Other bevacizumab biosimilars, approved and 
proposed, have been evaluated in the setting of 
advanced nsNSCLC.12,14,15,18,28,29 Several of these 
studies also used ORR as the primary efficacy 
endpoint.14,28,29 ORR is a direct measure of drug 
antitumor activity and is recommended over sur-
vival endpoints for the comparison of biosimilars 
in oncology.22,23 Moreover, ORR as a surrogate 
endpoint, with a strong correlation to PFS, allows 
for a shorter study duration compared with OS as 
the endpoint.23 Thus, for biosimilar studies, 
shorter study durations with usage of ORR as the 
primary efficacy endpoint would potentially result 
in less expensive studies, thereby accelerating 
opportunities for expanding access to treatments.

Although cross-trial comparisons should be made 
with caution, the ORR data reported here are 
within the range of ORR reported in published 
data for the reference product.9,21,30,31 The 
response in the arm of ECOG 4599 treated with 
reference bevacizumab in combination with CP, 
for instance, was similar to that observed in this 
study (ORR in ECOG 4599 bevacizumab+CP 
arm, 35%; ORR for IR in this study, MYL-
1402O+CP, 41.5%; bevacizumab+CP, 
43.1%).21 More importantly, the ORR observed 
with MYL-1402O is comparable to that reported 
in recent studies with approved14,19 and proposed 
bevacizumab biosimilars.28,29 It is also consistent 
with the anticipated ORR based on the meta-
analyses conducted as part of the study design 
and sample size calculation for this study.

In this study, the IR of the best tumor responses 
in the ITT population, confirmed at a second 
time point, was lower (29.8%) than the IR-BOR 
at week 18 (42.3%). This discrepancy could be 
partly attributable to the limitations of study 

https://journals.sagepub.com/home/tam


Therapeutic Advances in Medical Oncology 13

14 journals.sagepub.com/home/tam

design, wherein radiological assessments were 
conducted every 6 weeks until week 18 and every 
12 weeks thereafter. As BOR could not be con-
firmed at the second time point for patients with 
first objective response (CR or PR) at week 18, 
they were assessed as non-responders for sensitiv-
ity analysis. However, these data are still compa-
rable with the published ORR results in a similar 
population treated with the bevacizumab plus CP 
combination; 35% in ECOG 4599,9 31.5% in the 
2004 phase II study,21 and 41.7% in the 
US-bevacizumab arm of the MAPLE study, with 
a confirmed response of 33%.14,32 It is important 
to note the slight differences in study population, 
timing of confirmed response analyses, and analy-
sis criteria in the historical studies compared with 
the current study. Whereas this study enrolled 
patients with stage IV nsNSCLC and used 
RECIST 1.1 criteria, the historical studies also 
included stage IIIb nsNSCLC with a better prog-
nosis and used RECIST 1.0.9,21 DOR and OS 
were included as secondary efficacy endpoints in 
this study, allowing analysis of long-term response 
and survival outcomes; however, median OS was 
not reached at the time of analysis. As the primary 
aim of clinical studies of biosimilars is to establish 
therapeutic equivalence and not clinical benefit 
per se, as the clinical benefit for the reference 
product is already established prior to biosimilar 
development, the use of ORR as the primary effi-
cacy endpoint for comparison is a reasonable and 
appropriate choice.

In conclusion, based on the totality of evidence 
of analytical similarity, PK, comparability, and 
clinical safety and efficacy comparability, biosim-
ilar MYL-1402O demonstrates therapeutic 
equivalence to bevacizumab, statistically con-
firmed by both FDA and EMA requirements, 
when given in combination with CP, as meas-
ured by ORR. Other efficacy endpoints, safety, 
and immunogenicity were also comparable. 
Demonstration of therapeutic equivalence in 
nsNSCLC is expected to be applicable to other 
approved indications for bevacizumab, because it 
has the same mechanism of action across all indi-
cations and the dose used for NSCLC is highest 
among all approved indications. Therefore, the 
therapeutic equivalence of MYL-1402O to beva-
cizumab supports extrapolation to all applicable 
indications for bevacizumab.

Bevacizumab in combination with platinum-
doublet chemotherapy continues to be a key 

first-line option in the treatment of advanced or 
metastatic nsNSCLC, especially in those lacking 
actionable mutations amenable to targeted thera-
pies and in combination with other targeted ther-
apies, such as erlotinib and atezolizumab.3,8,33,34 
The development and availability of MYL-
1402O and other biosimilars is an important step 
in improving patient access and alleviating 
healthcare costs in NSCLC and other malignan-
cies, where bevacizumab is a significant and inte-
gral component in the cancer management 
paradigm.
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