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Introduction
Lung cancer (LC) is the malignant tumor with 
the highest mortality rate in the world, and non-
small-cell lung cancer (NSCLC) accounts for 
more than 80% of newly diagnosed LC patients 
every year.1 Therefore, in recent years, scientists 

all over the world are exploring safe and effective 
treatment methods for NSCLC. In addition to 
traditional chemotherapy, there are new methods 
such as precision targeted drugs and immuno-
therapy. Bevacizumab, a monoclonal antibody 
that inhibits the biological function of vascular 
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endothelial growth factor (VEGF), is widely used 
in the treatment of advanced or metastatic non-
squamous NSCLC. The original drug (Avastin) 
was launched in 2004. According to IQVIATM(a 
cross-country sales and medical database), global 
sales revenue in 2019 was $7.5 billion, but as bio-
similars are launched one after another, global 
sales revenue in 2020 will drop to $5.4 billion. A 
previous meta-analysis found that the combina-
tion of bevacizumab with paclitaxel and carbopl-
atin did increase objective response rate (ORR), 
overall survival (OS), and progression-free sur-
vival (PFS) in advanced non-squamous NSCLC 
compared with paclitaxel and carboplatin.2–4

Biosimilars refer to therapeutic biological prod-
ucts that are similar to the approved reference 
drug in terms of quality, safety, and efficacy, and 
the reference drug is usually the original brand 
drug.5 Biosimilars have entered a period of rapid 
development as Avastin’s patent protection has 
gradually expired. Compared with other coun-
tries, the Chinese market is more competitive. As 
of December 2021, there are as many as seven 
domestic bevacizumab biosimilars on the market 
in China, and five of them were approved for 
marketing in 2021. However, biological products 
have the characteristics of large molecular weight, 
complex structure, strong dependence of biologi-
cal activity on their structural integrity, and com-
plex production process, and are late on the 
market leading to a short clinical use time. 
Therefore, there are still some potential risks in 
clinical use, and it is necessary to further verify its 
efficacy and safety.

Methods

Search strategy
Search PubMed, Embase, Cochrane Library, 
CNKI, VIP, Wanfang database, and 
ClinicalTrials.gov website, and the search time is 
from the establishment of each database to 31 
December 2021 (Supplemental Table A). Pub 
Med search strategy: (((‘Bevacizumab’[Mesh]) 
OR (Bevacizumab[Title/Abstract])) OR (Avastin 
[Title/Abstract])) AND (((((‘Biosimilar Pharma
ceuticals’[Mesh]) OR (Biosimilar*[Title/
Abstract])) OR (Generic*[Title/Abstract])) OR 
(Analog*[Title/Abstract]))). The search strate-
gies followed the Cochrane Handbook for 
Systematic Reviews of Interventions (Version 
6.2), and were adapted to the specific database. 

All search strategies were determined after multi-
ple pre-searches.

Study eligibility
Double-blind, phase III randomized controlled 
trials (RCTs) were included, and the languages 
were limited to Chinese and English. The popula-
tion was limited to (1) pathologically or histologi-
cally confirmed non-squamous NSCLC; (2) 
metastatic or recurrent stage IIIB-IV patients 
over the age of 18; (3) the Eastern Cooperative 
Oncology Group (ECOG) score was 0–2; and (4) 
any race, nationality, and gender. The interven-
tion was first-line treatment with ‘bevacizumab 
biosimilar + paclitaxel + carboplatin’ versus ‘Ava
stin + paclitaxel + carboplatin’. Efficacy was 
assessed using Response Evaluation Criteria in 
Solid Tumors (RECIST) (complete response, 
partial response, stable disease, progressive dis-
ease, and not evaluated). The main outcome was 
ORR. The secondary outcomes were as follows: 
median PFS (mPFS), median OS (mOS), median 
duration of response (mDOR), and disease con-
trol rate (DCR). Adverse events (AEs) included 
treatment-emergent AEs (TEAEs) and treat-
ment-related AEs (TRAEs), assessed according 
to the Common Terminology Criteria for Adverse 
Events version 4.0. Exclusions: (1) review, (2) 
republished literature, (3) unavailable full-text lit-
erature, (4) case report, (5) single-arm trial, (6) 
non-target drug, (7) non-target population, (8) 
non-target outcomes, and (9) the trial drug has 
not been approved for marketing.

Data collection process
The results of the included studies were cross-
checked by two investigators. The extracted 
information mainly included the following: (1) 
general information: title, author’s name, publi-
cation date and literature source, etc.; (2) study 
characteristics: code of trial drug, general infor-
mation of research subjects, baseline comparabil-
ity of patients in each group, and intervention 
measures; and (3) outcome indicators. 
Disagreements should be resolved through dis-
cussion or consultation according to the opinion 
of the third researcher.

Risk of bias assessment
According to the Cochrane Handbook for 
Systematic Reviews of Interventions (Version 
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6.2), the methodological quality of the included 
studies was evaluated using a uniform evaluation 
scale (RoB 2).6 The quality evaluation was car-
ried out by two researchers independently and 
cross-checked. In case of disagreement, a third 
researcher was invited to help resolve the 
disagreement.

Data synthesis and statistical analysis
Meta-analysis of the included RCTs was per-
formed using RevMan 5.4 statistical software. 
For enumeration data (ORR, DCR, OS rate, 
TEAEs, and TRAEs), relative risk (RR) was used 
as analysis statistic, and for survival data (DOR, 
mPFS, and mOS), hazard ratio (HR) was used as 
analysis statistic. Each effect size was expressed as 
95% confidence intervals (CIs). When available, 
we relied on outcomes in intention-to-treat popu-
lations; otherwise, we used results in the full anal-
ysis set. The heterogeneity among the results of 
the included studies was analyzed by the chi-
square test. If p > 0.05 and I2 ⩽ 50%, it means 
that the heterogeneity could be ignored, and a 
fixed effect model will be adopted for analysis. If 

there was statistical heterogeneity (p ⩽ 0.05 or 
I2 > 50%), the source of heterogeneity would be 
analyzed to determine whether the random effects 
model could be used. If there was significant clin-
ical heterogeneity between studies, only descrip-
tive analyses would be performed. Finally, a 
sensitivity analysis was used to test the stability of 
the results.

Results
A total of 1677 related articles and 301 clinical 
trial records were collected, and 11 phase III 
RCTs were finally included (Figure 1; In 2015, 
2019, 2020, and 2021, 1, 3, 1, and 6 articles were 
published, respectively). A total of 6360 patients 
were enrolled, and the biosimilars and Avastin 
groups were comparable in patient characteristics 
(Table 1): cases, 3185 versus 3175; males, 63.39% 
versus 62.65%; mean age, 60.16 versus 60.15 years, 
respectively.

The quality of included literatures was relatively 
good. Among the 11 articles, 7 were low risk, 3 
were medium risk, and 1 was high risk (Figure 2; 

Figure 1.  CONSORT diagram outlining study selection.
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Supplemental Figure S1). The three medium risk 
articles were all caused by ⩾5% follow-up loss. 
One of the studies (PF-06439535, 2019) was not 
blinded to the evaluators of the results and should 
have been considered high risk. However, consid-
ering that the US Food and Drug Administration 
(FDA) approved the investigative drug in this 
study (commercial: Zirabev) in 2019 after a rigor-
ous approval process, so this study was assessed 
as medium risk. One study (BCD-021, 2015) was 
considered high risk due to excessive missing data 
and failure to state whether assessors were 
blinded.

ORR: week 18
Six studies reported the ORR at the 18th week 
after randomization (Figure 3). Four of them 
were targeted at the epidermal growth factor 
receptor (EGFR) wild-type population, with a 
total of 2091 patients (biosimilars group = 1046 
patients, Avastin group = 1045 patients; Table 1). 
There was no heterogeneity among the studies 
(p = 0.91, I2 = 0%). Using the fixed effect model, 
the result showed that there was no significant 
difference between the two groups (RR = 0.93, 
95% CI: 0.84–1.02, p = 0.12). Two study did not 
limit EGFR genotype, which included a total of 

Figure 2.  Risk of bias assessment.

Figure 3.  Meta-analysis of ORR (week 18).
ORR, objective response rate.
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669 patients (biosimilars group = 337 patients, 
Avastin group = 332 patients; Table 1). Using a 
fixed effect model, the result also showed that 
there was no significant difference between the 
two groups (RR = 0.94, 95% CI: 0.81–1.09, 
p = 0.42). Heterogeneity between the two studies 
was negligible. And there was no heterogeneity in 
the six studies (p = 0.98, I2 = 0%) and between the 
two subgroups (p = 0.88, I2 = 0%) after combining 
the subgroups. At the same time, there was no 
significant difference in the overall ORR between 
the biosimilars group and the Avastin group 
(RR = 0.93, 95% CI: 0.86–1.01, p = 0.08).

DCR: week 18
Four studies reported the DCR at the 18th week 
after randomization (Figure 4), which were ana-
lyzed using a random-effects model. Two of them 
only focused on the EGFR wild-type population, 
with a total of 1121 patients (biosimilars group =  
561 patients, Avastin group = 560 patients; Table 1). 
Although the heterogeneity (p = 0.06, I2 = 73%) 
among studies was obvious, but the result was no 
significant difference between the two groups 
(RR = 0.99, 95% CI: 0.90–1.08, p = 0.79). The 
other two articles did not limit the genotype, with 
a total of 1124 patients (biosimilars group = 562 
patients, Avastin group = 562 patients; Table 1). 
There was little heterogeneity among studies 
(p = 0.29, I2 = 12%), and the results showed that 
there was no significant difference between the 
two groups (RR = 1.00, 95% CI: 0.97–1.03, 

p = 0.97). After merging two subgroups, heteroge-
neity emerged among the four studies (p = 0.13, 
I2 = 46%). While there was no heterogeneity 
between the two subgroups (p = 0.79, I2 = 0%), 
and the DCR of the biosimilars group and the 
Avastin group was not statistically different 
(RR = 0.99, 95% CI: 0.96–1.03, p = 0.71).

Median duration of response
The mDOR was reported in three studies (Figure 5), 
and all of them were only aimed at EGFR wild-
type population. There was no heterogeneity 
among these studies (p = 0.53, I2 = 0%), so the 
fixed-effect model was used. Compared with HR, 
there was no significant difference in mDOR 
between the two groups (HR = 1.05, 95% CI: 
0.88–1.25, p = 0.59).

Mean progression-free survival
Five studies reported the mPFS (Figure 6). Using 
HR for analysis by a fixed-effects model. Four of 
them were conducted on the EGFR wild-type 
population, with no heterogeneity among these 
studies (p = 0.66, I2 = 0%), and no significant dif-
ference in two groups (HR = 1.05, 95% CI: 0.94–
1.17, p = 0.39). One study did not limit EGFR 
genotype, and the difference between two groups 
was also not statistically significant (HR = 0.97, 
95% CI: 0.82–1.15, p = 0.73). After combining 
subgroups, there was no heterogeneity among all 
studies (p = 0.70, I2 = 0%), and also the two 

Figure 4.  Meta-analysis of DCR (week 18).
DCR, disease control rate.
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subgroups (p = 0.45, I2 = 0%). At the same time, 
there was no significant difference between the 
biosimilars and Avastin groups (HR = 1.03, 95% 
CI: 0.94–1.12, p = 0.59).

Overall survival
Five studies reported the mOS (Figure 7). Using 
HR for analysis by a random effects model. Four 
studies included only the EGFR wild-type popu-
lation, with little heterogeneity among them 
(p = 0.25, I2 = 27%), and no significant difference 
in mOS (HR = 0.95, 95% CI: 0.82–1.10, 
p = 0.50). One study did not limit EGFR geno-
type, and the result between two groups was also 

not statistically significant (HR = 1.18, 95% CI: 
0.92–1.51, p = 0.19). After merging two sub-
groups, the mOS was highly similar between the 
biosimilars and Avastin groups (HR = 1.00, 95% 
CI: 0.86–1.16, p = 0.99). While there was some 
degree of heterogeneity among all studies 
(p = 0.15, I2 = 41%), and the heterogeneity 
between the two subgroups was large (p = 0.14, 
I2 = 54.5%).

Five studies reported the 1-year OS rate, and 
comparison was made by RR, using a fixed-effects 
model (Figure 8). Four of them were aimed at the 
EGFR wild-type population, with a total of 2502 
patients (biosimilars group = 1251 patients, 

Figure 5.  Meta-analysis of DOR.
DOR, duration of response.

Figure 6.  Meta-analysis of mPFS.
mPFS, mean progression-free survival.
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Avastin group = 1251 patients; Table 1). No het-
erogeneity within this subgroup (p = 1.00, 
I2 = 0%), and the difference of result was not sta-
tistically significant (RR = 1.00, 95% CI: 0.95–
1.06, p = 1.00). One study did not limit EGFR 
genotype, with a total of 535 patients (biosimilars 
group = 269 patients, Avastin group = 266 
patients; Table 1). The difference in 1-year OS 
was also not statistically significant in this study 
(RR = 0.94, 95% CI: 0.85–1.04, p = 0.23). After 
combining subgroups, there was no heterogeneity 

between all studies (p = 0.89, I2 = 0%), and no sta-
tistical difference in 1-year OS between the two 
groups (RR = 0.99, 95% CI: 0.94–1.04, p = 0.63). 
Moreover, the heterogeneity between two sub-
groups was low (p = 0.29, I2 = 11.9%).

AEs (grade ⩾3)
Seven studies reported TEAEs of grade ⩾3, using 
a fixed-effects model for comparative analysis 
(Figure 9). Three of them were targeted at the 

Figure 7.  Meta-analysis of mOS.
mOS, mean overall survival.

Figure 8.  Meta-analysis of 1-year OS rate.
OS, overall survival.
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EGFR wild-type population, with a total of 2136 
patients (biosimilars group = 1069 patients, 
Avastin group = 1067 patients; Table 1). There 
was no heterogeneity among these studies 
(p = 0.46, I2 = 0%), and the result was not statisti-
cally different (RR = 1.04, 95% CI: 0.94–1.15, 
p = 0.44). Other studies did not limit the EGFR 
genotype, with a total of 2544 patients (biosimi-
lars group = 1278 patients, Avastin group = 1266 

patients; Table 1). There was also no heterogene-
ity within this subgroup (p = 0.88, I2 = 0%), and 
no statistically significant difference in the out-
come (RR = 0.97, 95% CI: 0.92–1.02, p = 0.20). 
After combining subgroups, the heterogeneity 
among all studies was negligible (p = 0.68, 
I2 = 0%). However, there was some heterogeneity 
between the two subgroups (p = 0.20, I2 = 39.6%). 
As for the result, there was also no statistical 

Figure 9.  Meta-analysis of TEAEs (grade ⩾3).
TEAEs, treatment-emergent adverse events.

Figure 10.  Meta-analysis of TRAEs (grade ⩾3).
TRAEs, treatment-related adverse events.
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difference (RR = 0.99, 95% CI: 0.95–1.04, 
p = 0.73).

Four studies reported TRAEs of grade ⩾3, using 
the fixed-effects model for comparative analysis 
(Figure 10). One of them was for the EGFR wild-
type population, with a total of 515 patients (bio-
similars group = 256 patients, Avastin group = 259 
patients; Table 1). The study showed no statisti-
cal difference in the result (RR = 1.02, 95% CI: 
0.81–1.29, p = 0.85). Three studies did not limit 
EGFR genotype, with a total of 1911 patients 
(biosimilars group = 954 patients, Avastin 
group = 957 patients; Table 1). The difference in 
result was also not statistically significant 
(RR = 1.02, 95% CI: 0.84–1.23, p = 0.86). 
However, there was considerable heterogeneity 
among these studies (p = 0.10, I2 = 57%). After 
merging subgroups, the heterogeneity of all stud-
ies decreased (p = 0.20, I2 = 36%), while there was 
also no significant difference between the biosim-
ilars and Avastin groups (RR = 1.01, 95% CI: 
0.88–1.16, p = 0.87). Heterogeneity between the 
two subgroups was not present (p = 0.97, I2 = 0%).

Sensitivity analysis
One study was sequentially excluded to investi-
gate the effect of this single study on heterogene-
ity. When the MYL-1402O study was excluded 
from the DCR, the heterogeneity was significantly 
reduced after combining subgroups (p = 0.49, 
I2 = 0%), and the RR changed from 0.99 (95% 
CI: 0.96–1.03, p = 0.71) to 1.00 (95% CI: 0.97–
1.04; p = 0.79). Since there were only two studies 
in this subgroup, within-subgroup heterogeneity 
disappeared after removing this study. After 
excluding the MIL60 study in mOS, the hetero-
geneity between subgroups decreased signifi-
cantly (p = 0.40, I2 = 0%), and the HR after 
merging subgroups changed from 1.00 (95% CI: 
0.86–1.16, p = 0.99) to 1.08 (95% CI: 0.95–1.24; 
p = 0.26). If FKB238 was removed, only the 
EGFR wild-type subgroup was left, with a slight 
decrease in integrated heterogeneity (p = 0.25, 
I2 = 27%) and little change in HR. After excluding 
the QL1101 study from TRAEs, within-subgroup 
heterogeneity was significantly reduced (p = 0.25, 
I2 = 27%), and RR changed from 1.02 (95% CI: 
0.84–1.23, p = 0.86) to 0.94 (95% CI: 0.82–1.07, 
p = 0.33). It can be seen that excluding studies 
with significant heterogeneity has no effect on the 
results. The causes of heterogeneity in each study 
need to be further explored, and the hypothesis of 
this paper needs to be confirmed.

Sensitivity analysis of each outcome index showed 
that the results of this meta-analysis after remov-
ing each study one by one showed little change 
compared with those before the elimination, and 
the results of this meta-analysis after model trans-
formation showed little change. The results of 
this study were confirmed to be robust.

Immunogenicity
In all, 10 studies assessed antidrug antibodies 
(ADAs) and all showed low and similar immuno-
genicity between the two treatment groups, with 
no clinically meaningful differences (Table 2).

Discussion

Bevacizumab for NSCLC
NSCLC is the most common type of LC, which 
includes squamous cell carcinoma, adenocarci-
noma, and large-cell carcinoma. Compared with 
small-cell carcinoma, its cancer cells grow and 
divide more slowly and spread and metastasize 
later. NSCLC accounts for about 80–85% of 
newly diagnosed LC cases each year. And accord-
ing to the Tumor Node Metastasis classification 
criteria (version 8th), about 75% of patients are 
found in the middle and advanced stages.19 
Bevacizumab is a monoclonal antibody against 
VEGF, which binds VEGF and inhibits its bind-
ing to VEGF receptor-2, thereby inhibiting the 
biological effects of VEGF.20–22 It is the first anti-
tumor vascular endothelial drug approved for sale 
in the United States and Europe and the first 
drug to extend OS at active levels.21 It has been 
approved in combination with standard plati-
num-based chemotherapy to treat patients with 
advanced NSCLC who do not have driving muta-
tions or as maintenance therapy after chemother-
apy,20,23–26 such as the guidelines for NSCLC 
published in 2022 by National Comprehensive 
Cancer Network (NCCN, version 1).

Characteristics of biosimilars
It is important to clarify that, unlike small mole-
cule chemicals, biologics cannot be ‘consistent’ 
themselves due to the complexity of their struc-
ture and production. Even if it is the same kind of 
medicine produced by the same manufacturer, 
different origins, different batches, and even the 
same batch of products will also have certain dif-
ferences. The difference between the biosimilar 
and the original drug is strictly limited to the 
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difference between the original drug themselves 
to ensure the same clinical effect of the two. The 
development of biosimilars aims to improve the 
availability of biologics, meet the needs of 
patients, and reduce medical expenditures. The 
guarantee of their quality, efficacy, and safety is 
the most basic premise. Therefore, the drug regu-
latory authorities in various countries have 

extremely strict requirements for their approval 
process. Although the United States, the 
European Union, the China, and the World 
Health Organization have different definitions of 
the biosimilar, they all refer to a biological prod-
uct that is highly similar to the reference drug 
(original drug) in terms of quality, safety, and effi-
cacy, and there is no clinical difference between 

Table 2.  Immunogenicity of included studies.

Studies ADAs, % Original description

Biosimilar Avastin

ABP 215, 20197 1.4 2.5 Four (1.4%) and 7 (2.5%) patients in the biosimilar and Avastin groups, 
respectively, developed binding ADAs during the study, of which three 
patients (1.0% and 1.1%) in each arm had transient binding ADAs, that 
is, they were negative result at the patient’s last time point tested 
within the study period

BCD-021, 20158 1.5 1.5 The incidence of ADAs was 1.5% in both groups

FKB238, 202110 3.0 3.0 In both treatment arms, 3.0% (nine patients) tested positive for ADAs at 
any visit, whereas the incidence of treatment-emergent ADAs was 2.3% 
(seven patients) in each treatment arm

IBI305, 201911 0.9 0.9 In the biosimilar group, 2 (0.9%) patients tested positive for ADAs, 1 at 
baseline, and the other at the end of treatment. In the Avastin group, 2 
(0.9%) patients tested positive for ADAs at baseline

LY01008, 202112 2.2 1.8 Of 648 patients in the safety set, 13 (2.0%) were positive for ADAs before 
the first cycle of treatment [7 (2.2%) in the biosimilar group versus 6 
(1.8%) in the Avastin group]. Six (0.9%) patients (three in each group) 
showed at least once ADAs positivity during the study of combined 
treatment, which were all transient. One patient showed transient post-
treatment ADAs-positivity

MB02, 202113 17 16.1 After 52 weeks of study, most subjects tested negative for ADAs at all 
time points. The treatment-induced ADAs were observed in 53 subjects 
(17%) in the biosimilar group and 50 subjects (16.1%) in the Avastin 
group

MIL60, 202114 0 0 A total of 515 patients were analyzed for ADAs. No patient had positive 
result during treatment

MYL-1402O, 202115 6.5 4.8 The incidence of treatment-emergent ADAs (treatment-induced plus 
treatment-boosted) was similar for both treatment arms (biosimilar, 
6.5%; Avastin, 4.8%)

PF-06439535, 201916 1.5 1.4 In the overall post-treatment assessment, five (1.5%) of 339 patients in 
the biosimilar group and five (1.4%) of 350 patients in the Avastin group 
were reported ADAs positive

QL1101, 202117 – – –

SB8, 202018 13.5 10.1 The incidences of an overall positive ADAs result were comparable 
between the biosimilar and Avastin groups in the safety set throughout 
the study, including up to cycle 7 [biosimilar, n = 46/341 (13.5%); Avastin, 
n = 34/337 (10.1%)].

ADAs, antidrug antibodies.
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the two. For example, the US. FDA proposed the 
principle of ‘totality-of-the-evidence’,27 which 
requires biosimilars to provide progressive and 
comprehensive research results in pharmaceuti-
cal, pre-clinical, and clinical aspects. It must 
demonstrate ‘similarity’ to a biological product 
already approved for marketing by the FDA. And 
strictly define ‘similarity’ as: although there are 
minor differences in inactive ingredients, there 
are no clinically meaningful differences between 
this product and the reference product in terms of 
safety, purity, and efficacy. The China National 
Medical Products Administration (NMPA) has 
similar principle requirements for the similarity 
evaluation of biosimilars.

Biosimilars provide a new choice for clinical treat-
ment because of their outstanding economic 
advantages.28,29 However, due to the special 
nature of biosimilars, such as immunogenicity, 
short time of use and limited clinical evidence, 
there are potential risks in the effectiveness and 
safety of biosimilars in clinical treatment in the 
real world. Therefore, more high-quality studies 
are needed as an evidence-based basis. The devel-
opment of biosimilars in China is relatively late. 
The first drug was launched in 2019, and the 
development has gradually matured since then. 
High-quality clinical trials can be conducted 
according to the ‘totality-of-the-evidence’ princi-
ple issued by the FDA, the Technical Guidelines for 
Biosimilars Development and Evaluation (2015) 
and the Technical Guidelines for Similarity 
Evaluation and Indication Extrapolation of 
Biosimilars (2021) issued by NMPA,27,30,31 or the 
biosimilars development principles issued by 
other countries.

Summary of evidence
In this study, we used a meta-analysis to conduct 
evidence-based analysis and evaluation of the evi-
dence related to the efficacy and safety of existing 
bevacizumab biosimilars in clinical treatment, so 
as to provide evidence-based reference for their 
rational clinical application. A total of 11 RCT 
studies were included. It should be noted that 
drugs that have not been marketed after phase III 
clinical trials or have not yet been marketed were 
excluded. Because if the drug is not on the mar-
ket, it means that the drug does not meet the 
requirements of policy documents related to drug 
marketing, and fails to meet the corresponding 
evaluation technical standards in terms of quality, 
efficacy, and safety. These drugs cannot represent 

the efficacy and safety of bevacizumab biosimilars 
on the market, and have no significance for analy-
sis. Instead, they may affect the analysis results of 
this study and cause erroneous conclusions.

Of the 11 RCTs, 7 were international multicenter 
studies, and 4 were multicenter studies conducted 
in China. The age of the included population was 
relatively high, the median age of each study was 
around 60 years, and most of the patients were 
male (mean: 63%, range: 59%–67%). We suspect 
that this may be related to smoking, which needs 
to be further explored.32,33 In terms of efficacy, 
the bevacizumab biosimilars have highly similar 
ORR (week 18), DCR (week 18), mDOR, mPFS, 
mOS and 1-year OS rate to the original drug. 
ORR is a direct measure of the efficacy of treat-
ment, is approved by the FDA and the European 
Medicines Agency for comparing the antitumor 
activity of the putative biosimilar with that of the 
reference biologic, and has previously been used 
successfully for this purpose.7,16,34,35 On the other 
hand, because PFS/OS is not suitable for demon-
strating biosimilarity,34 all included studies used 
ORR as the primary endpoint. Therefore, we 
used ORR as the primary outcome measure. Of 
the 11 included studies, 9 were independent 
imaging evaluation, 1 was investigator evaluation, 
and 1 had no relevant description (Supplemental 
Table B). At the same time, we found that all 10 
studies were evaluated by RECIST version 1.1 
except for one study that evaluated by RECIST 
version 1.0. In terms of safety, the bevacizumab 
biosimilars did not increase both TEAEs (grade 
⩾3) and TRAEs (grade ⩾3) compared with the 
original one. Furthermore, all outcomes were 
observed to be highly similar in the EGFR wild-
type subgroup and the EGFR undefined sub-
group. Common AEs include the following: 
alopecia, anemia, nausea, neutropenia, thrombo-
cytopenia, asthenia, arthralgia, fatigue, hyperten-
sion, leukopenia, peripheral neuropathy, and so 
on.

Efficacy and safety.  Forest map analysis of DCR 
(week 18), mOS, and TRAEs (grade ⩾3) showed 
significant heterogeneity between various studies 
or subgroups, but the results did not change much 
after heterogeneity was reduced. And when one 
drug was removed in turn for sensitivity analysis of 
each outcome index, it was found that there was 
no statistically significant change in the results 
before and after elimination, which confirmed the 
robustness of the research results. However, when 
MYL-1402O was excluded from DCR, MIL60 

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


Therapeutic Advances in 
Medical Oncology Volume 14

14	 journals.sagepub.com/home/tam

excluded from mOS, and QL1101 excluded from 
TREAs, the integrated, between-subgroup, and 
within-subgroup heterogeneity were significantly 
reduced. We performed a comprehensive compar-
ison of two EGFR wild-type studies in the DCR 
indicator. MYL-1402O was found to enroll only 
patients with negative or unknown EML4-ALK 
rearrangement. However, IBI305 did not describe 
the EML4-ALK genotype, which means they may 
not have excluded patients with known EML4-
ALK rearrangement. In addition, large differences 
in the race of the populations they were included 
in were found (IBI305: Han 97.1%, Others 2.9%; 
MYL-1402O: White 68.3%, Asian 31.7%). We 
suspect that differences in race and genetics may 
lead to their greater heterogeneity. A comprehen-
sive comparison was also performed on the four 
EGFR wild-type studies in the mOS indicator. We 
found different doses of maintenance therapy in 
the MIL60 study relative to the other three studies 
(MIL60: 7.5 mg/kg; MB02, QL1101, and SB8: 
15 mg/kg). In addition, MIL60 was found to 
include patients with brain metastases, while the 
other three studies excluded patients with com-
bined symptomatic brain metastases. We think this 
may be the main source of heterogeneity in MIL60 
study. In contrast, when IBI305 or QL1101, 
MB02, QL1101 or SB8, MYL-1402O or 
PF-06439535 were excluded, the integrated het-
erogeneity of each index increased. Sources of het-
erogeneity across studies need to be further 
identified. Analyses of all outcome measures, both 
in the EGFR wild-type subgroup and in the 
EGFR-unlimited subgroup, showed that the beva-
cizumab biosimilars had a highly similar efficacy 
and safety profile to the innovator drug. And only 
mOS had heterogeneity between subgroups, so we 
speculate that the heterogeneity is more likely due 
to other unknown factors rather than EGFR gene 
status. In conclusion, we believe that EGFR gene 
status does not affect the efficacy and safety of 
bevacizumab.

Immunogenicity.  Immunogenicity refers to the 
performance that can cause an immune response. 
That is, antigens can stimulate specific immune 
cells to activate, proliferate, differentiate, and 
finally produce immune effector antibodies and 
sensitized lymphocytes. Biological products all 
have certain immunogenicity due to their large 
molecular weight and complex structure. In all, 
10 studies assessed ADAs, but due to incomplete 
data and lack of commonalities, they were not 
meta-analyzed, but were systematically reviewed. 
Results of the evaluation showed low and similar 

immunogenicity between the two treatment 
groups, with no clinically meaningful differences. 
And the experimental drug QL1101 was shown 
to have similar immunogenicity to the Avastin in 
a previous randomized, double-blind, single-dose 
study in healthy male subjects.36 Therefore, we 
believe that the immunogenicity of bevacizumab 
biosimilars is not different from that of Avastin. 
However, some differences were found in the 
incidence of immunogenicity among these stud-
ies. The immunogenicity of the IBI305 and 
MIL60 studies were less than 1%, the ABP 215, 
FKB238, LY01008, MYL-1402O, QL1101, and 
PF-06439535 studies were between 1% and 10%, 
while the SB8 and MB02 studies were in the 
range of 10%–20%. We speculate that it may be 
related to the time of antibody detection, and as 
for the specific reasons for the difference could 
not be known in this paper.

Implications for practice
In recent years, the sales of bevacizumab biosimi-
lars have been increasing, and there is a trend of 
gradually replacing the original drug. However, 
these drugs all have the problem of short clinical 
use time. Our study adopted an evidence-based 
method to explore the efficacy and potential clini-
cal risks of currently marketed bevacizumab bio-
similars, which is conducive to promoting the use 
of bevacizumab biosimilars, thereby reducing the 
economic burden of social medicine.

Limitations
Of the 11 studies, 3 studies did not describe the 
EGFR mutation status, 5 studies only included 
patients with wild-type or unknown gene status, 
and the remaining 3 studies did not limit the gen-
otype. As for anaplastic lymphoma kinase (ALK) 
gene, 5 studies did not describe it, and 6 studies 
only included wild-type or unknown patients. In 
addition, 3 of the 11 studies did not receive main-
tenance treatment, 3 studies used the biosimilar 
for maintenance treatment both in the experi-
mental group and the control group, and the 
remaining 5 studies used the biosimilar and 
Avastin for maintenance treatment, respectively 
(Table 1). Because of the small number of arti-
cles, subgroup analyses by ALK mutation status 
or maintenance therapy were not performed. At 
the same time, since the number of articles of 
each outcome was less than 10, the funnel plot 
was not used to analyze the publication deviation. 
Finally, only marketed drugs were included in 
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this study. We did this to avoid publication bias 
due to negative test results, but it also resulted in 
the exclusion of drugs that are not currently on 
the market but may be on the market in the 
future. This article showed the authorities made 
the right decision regarding their approval.

Conclusion
In the first-line treatment of advanced non-squa-
mous NSCLC, there is no difference in efficacy, 
safety, and immunogenicity between the bevaci-
zumab biosimilars and the original drug (Avastin). 
The above conclusion needs to be verified by 
more high-quality clinical studies.
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