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Introduction
The most recent GLOBOCAN report indicates 
that lung cancer continues to be the global pre-
dominant cause of death from cancer.1 A better 
understanding of the molecular pathogenesis of 

non-small-cell lung cancer (NSCLC) and new 
treatment options have led to improved out-
comes.2 For patients with advanced NSCLC, 
standard treatments include chemotherapy (CT), 
targeted therapy, and immunotherapy. The 
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Abstract
Background: Bevacizumab is extensively used in the treatment of advanced non-small-
cell lung cancer (NSCLC). Numerous clinical trials have proven the clinical efficacies of 
bevacizumab biosimilars (BB).
Objective: Our study aimed to compare the clinical outcomes between bevacizumab reference 
product (RP) and BB among advanced NSCLC patients in a real-world setting.
Design: We retrospectively analyzed stage IV metastatic NSCLC patients who were 
treated with bevacizumab as part of a combination therapy. Patients were categorized into 
chemotherapy (CT) and epidermal growth factor receptor-tyrosine kinase inhibitor (EGFR-TKI) 
groups. We compared the patients’ characteristics, treatment efficacy, and adverse events 
between RP and BB in the two treatment groups.
Methods: From January 2020 to July 2022, a total of 171 patients who underwent combination 
therapy with bevacizumab were screened. Seventy-nine of these patients met the study’s 
inclusion criteria and were enrolled in the final analysis. We utilized the Kaplan–Meier method 
to estimate progression-free survival (PFS) and the log-rank test to compare PFS between 
groups. The Cox proportional hazards model was used to identify predictors of PFS.
Results: Within the CT cohort, 34 patients were treated with RP in combination with platinum 
and pemetrexed, and 25 patients received a combination regimen with BB. The median PFS 
was 6.9 months in the RP group and 8.9 months in the BB group (p = 0.255). Within the EGFR-
TKI cohort, 20 patients with EGFR-mutant NSCLC received first-line treatment with EGFR-
TKI plus bevacizumab. Of these patients, 9 were treated with a combination regimen that 
included RP, and 11 patients received EGFR-TKI in combination with BB. The median PFS was 
18.4 months for the RP group and 13.6 months for the BB group (p = 0.363).
Conclusion: In our advanced NSCLC patients, we found no difference in clinical outcomes 
when receiving treatment with RP or BB. Given a combination regimen, BB was as effective as 
RP together with either CT or EGFR-TKIs.
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treatment regimen is typically tailored based on 
histological cell type and the findings from molec-
ular testing. In 2000, Hanahan and Weinberg 
proposed the original hallmarks of cancer, includ-
ing sustaining proliferative signaling, evading 
growth suppressors, resisting cell death, enabling 
replicative immortality, inducing angiogenesis, 
and activating invasion and metastasis.3 
Nowadays, these cancer hallmarks have increased 
to 10 concepts, with induced angiogenesis being a 
critical factor in tumorigenesis.4 Of particular 
note, vascular endothelial growth factors 
(VEGFs), especially VEGF-A, not only facilitate 
angiogenesis but also play pivotal roles in tumor 
growths independent of angiogenesis. These roles 
include the direct stimulation of cell proliferation 
and promotion of immune tolerance, minimizing 
tumor detection by the immune system.5,6

Bevacizumab (Avastin®), a humanized monoclo-
nal antibody that inhibits VEGF, was the first 
medication with anti-angiogenic action to be 
approved by the U.S. Food and Drug 
Administration (FDA) in 2004 for metastatic 
colorectal cancer in combination with CT.7 
Subsequently, the FDA extended its approval to 
include bevacizumab for treating metastatic 
NSCLC, after publishing the E4599 trial. That 
study demonstrated that adding bevacizumab to 
CT with a carboplatin and paclitaxel regimen 
improves patient survival when compared with 
CT alone.8 Furthermore, the NEJ026 study con-
firmed that the combination of first-generation 
epidermal growth factor receptor (EGFR)-
tyrosine kinase inhibitor (TKI) and bevacizumab 
enhances progression-free survival (PFS) in 
advanced EGFR-mutant NSCLC patients com-
pared with using erlotinib alone.9 The 
IMpower150 trial demonstrated that the regimen 
of atezolizumab, bevacizumab, plus carboplatin 
and paclitaxel results in better PFS and overall 
survival (OS) compared with bevacizumab plus 
carboplatin and paclitaxel, regardless of the pres-
ence of programmed death-ligand 1 expression 
or genetic alterations of EGFR or ALK (anaplas-
tic lymphoma kinase). Such survival benefits are 
likely associated with the immunomodulatory 
effects of bevacizumab, augmenting the efficacy 
of atezolizumab.10

The expiration of patents sparked the use of bio-
similars globally.11 These agents are analogous to 
their reference biologics, exhibiting high similar-
ity though not being identical. Biosimilars are 
subject to a rigorous evaluation process, including 

analytical, animal, and clinical studies, to affirm 
that there are no significant differences in effi-
cacy, safety, or purity compared to the original 
biologic.12 The growing availability of biosimilars 
in the market not only reduces costs but also wid-
ens patient access to diverse treatment options.13,14

ABP 215 was the first biosimilar to bevacizumab 
(Avastin®) and was developed by Amgen Inc. 
Extensive analytical studies confirmed the high 
resemblance of ABP 215 to bevacizumab in terms 
of the following characteristic: its primary and 
higher-order structures, as well as its particle 
composition, aggregates, product-related sub-
stances, impurities, thermal forced degradation, 
biological activities, general properties, and pro-
cess-related impurities.15 In a phase I study led by 
Markus et al., ABP 215 was found to have phar-
macokinetic properties that are consistent with 
both the US and EU versions of bevacizumab in 
healthy adult men.16 The phase III MAPLE study 
revealed that ABP 215, when used in combina-
tion with carboplatin and paclitaxel, delivers ther-
apeutic outcomes that are on par with the 
reference product (RP) for treating advanced 
NSCLC.17 Despite comparable clinical efficacy 
between the RP and its biosimilars, research stud-
ies demonstrating the tangible benefits of biosimi-
lars in real-world settings are limited, particularly 
with respect to lung cancer.18

Here, we investigated the treatment efficacy of 
MVASI®, a bevacizumab biosimilar (BB), when 
used in conjunction with either EGFR-TKI  
or CT regimen comprising platinum and 
pemetrexed.

Materials and methods

Patients
This retrospective, single-center study was 
approved by the Institutional Review Board of 
Taichung Veterans General Hospital (IRB 
CE24146A). We enrolled lung cancer patients 
who were diagnosed and treated at Taichung 
Veterans General Hospital between January 2020 
and July 2022. The patients’ inclusion criteria 
were as follows: (a) aged 20 years or older, (b) 
with cytologically or pathologically confirmed 
stage IV non-squamous NSCLC, (c) received 
combination therapy in the first-line treatment 
with bevacizumab including the reference drug 
(Avastin®) or the biosimilar (MVASI®), and (d) 
those who received ⩾3 cycles of anti-angiogenic 
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agent therapy. The exclusion criteria were patients 
who (a) had mixed types of cancer, (b) received 
<3 cycles of anti-angiogenic agent therapy, (c) 
were treated with both the bevacizumab reference 
drug and its biosimilar, or (d) received angiogen-
esis inhibitors beyond the first line of treatment. 
For the final analysis, we studied only those in the 
CT group treated with a combination of platinum 
and pemetrexed, and those in the EGFR-TKI 
group who received gefitinib, erlotinib, or afatinib 
as the first-line treatment. The flowchart of 
patient enrollment is shown in Figure 1. The 
reporting of this study conforms to the STROBE 
statement.

Data for analysis
Our data were extracted from patients’ medical 
records. The data included the following patient 
characteristics and treatment specifics: age, gen-
der, smoking status, Eastern Cooperative 
Oncology Group performance status (ECOG 
PS), driver mutation status, tumor stage, type of 
anti-angiogenic agents used, combination treat-
ment regimens, number of treatment cycles, 
adverse events (AEs) associated with anti-angio-
genic therapy, and follow-up data on survival. 
The staging of lung cancer followed the TNM 
(tumor, node, metastasis) system as outlined in 
the 8th edition of the American Joint Committee 

on Cancer criteria. In addition, evaluations of 
lung cancer status and response to treatment were 
one-dimensional measurements in accordance 
with the Response Evaluation Criteria in Solid 
Tumors (RECIST) version 1.1.19

Driver mutation analysis
We investigated three pivotal oncogenic drivers: 
EGFR, ALK, and ROS1 (ROS proto-oncogene 1). 
The presence of the mutation in EGFR was eval-
uated using either the Cobas EGFR Mutation 
Test v2 (Roche Molecular Systems, Pleasanton, 
CA, USA) or the matrix-assisted laser desorp-
tion ionization–time of flight mass spectrometry. 
To detect ALK fusion mutations, a fully auto-
mated immunohistochemistry assay was 
employed utilizing the Ventana system with a 
specific anti-ALK (D5F3) rabbit monoclonal 
antibody. The assessment of ROS1 fusion muta-
tions was conducted through fluorescence in situ 
hybridization.

Efficacy evaluation
Our primary endpoint in the study was PFS, 
defined as the interval from the start of the first 
treatment cycle to the earliest recorded event of 
disease progression or death, in accordance with 
the RECIST guidelines (version 1.1). Secondary 

Figure 1.  Patient collection flowchart.
BB, bevacizumab biosimilar; CT, chemotherapy; NSCLC, non-small-cell lung cancer; RP, reference product; TCVGH, 
Taichung Veterans General Hospital; TKI, tyrosine kinase inhibitor.
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endpoints were the objective response rate (ORR) 
and the disease control rate (DCR) within the 
study period. The ORR included the proportion 
of patients achieving the best overall response of 
complete response (CR) or partial response (PR), 
while DCR was the proportion of patients attain-
ing the best overall response of CR, PR, or stable 
disease, as per the RECIST (version 1.1) criteria. 
For those who were alive without disease progres-
sion at the study’s cutoff date (April 30, 2023), 
PFS was censored at their last follow-up, indicat-
ing no disease progression.

Statistical methods
Categorical variables were expressed as frequency 
and percentage. For categorical variables, differ-
ences between the two groups (one receiving the 
reference drug and the other treated with biosimi-
lar) were compared with the Chi-square test. The 
Kaplan–Meier method was utilized to estimate 
PFS, and the log-rank test was applied to com-
pare PFS between groups. To identify predictors 
of PFS, we used the Cox proportional hazards 
model. All statistical analyses were conducted 
with the SPSS software, version 23.0 (SPSS Inc., 
Chicago, IL, USA). Statistical significance was 
defined at p < 0.05, with a two-tailed test.

Results

Patient’s demographic and clinical features
From January 2020 to July 2022, we enrolled 79 
patients for final analysis. Among them, 59 
received CT, and 20 were treated with TKIs, 
both in combination with either bevacizumab ref-
erence drug (Avastin®) or its biosimilar 
(MVASI®). These patients were further divided 
into four subgroups receiving: (a) chemotherapy 
with the bevacizumab reference product (CT-RP, 
n = 34), (b) chemotherapy with the bevacizumab 
biosimilar (CT-BB, n = 25), (c) TKIs with the 
bevacizumab reference product (TKI-RP, n = 9), 
and (d) TKIs with the bevacizumab biosimilar 
(TKI-BB, n = 11) (Figure 1). Baseline character-
istics and demographic data of the overall patient 
population are summarized in Supplemental 
Table 1. The data for the CT group are presented 
in Table 1, while those for patients receiving 
TKIs are detailed in Table 2.

For the entire cohort, the median age was 
60.4 years, with 60.8% being female, 64.6% iden-
tifying as never smokers, and 86.1% having an 

ECOG PS of 0–1. Overall, 44.3% of patients had 
brain metastasis, and 49.4% had malignant pleu-
ral effusion. In Supplemental Table 1, we catego-
rized these patients into those receiving the 
bevacizumab biosimilar (BB group) and those 
receiving the bevacizumab reference product (RP 
group). There were no significant differences in 
demographic or baseline disease characteristics 
between the BB and RP groups.

In the CT cohort, the overall median age was 
61.5 years, with 61.0% females, 62.7% never 
smokers, and 86.4% with an ECOG PS of 0–1. 
Stage 4B disease was prevalent in 62.7% of the 
cohort, with the majority (71.2%) receiving a cis-
platin-based combination regimen. Half of the 
patients (50.8%) exhibited driver mutations such 
as EGFR, ALK, and ROS-1. The demographic 
and baseline disease characteristics were statisti-
cally similar between the CT-RP and CT-BB 
groups. The median number of anti-angiogenic 
therapy cycles was 7 (3–30) for the CT-RP group 
and 7 (3–25) for the CT-BB group (p = 0.627).

In the TKI cohort, the overall median age was 
56.3 years. Among those treated with TKIs, the 
median age in the TKI-RP and TKI-BB sub-
groups were 61.7 and 55.4 years, respectively. 
Females represented 60.0% of the cohort, 70.0% 
were never-smokers, and 85.0% presented with 
an ECOG PS of 0–1. The majority had stage 4B 
disease (90.0%). Regarding driver mutations, 7 
patients exhibited Exon 19 deletions, 12 had 
Exon 21 L858R mutations, and 1 patient had 
G719X + L861Q mutations. The median num-
ber of anti-angiogenic therapy cycles was 16 (4–
50) for the TKI-RP subgroup and 12 (3–21) for 
the TKI-BB subgroup (p = 0.295). A significant 
difference was noted in gender distribution 
between the TKI-RP and TKI-BB subgroups. 
This difference could be related to the small sam-
ple size. Apart from this, we found no significant 
difference in demographic or clinical characteris-
tics between the two treatment subgroups.

Clinical efficacy in the overall population
The BB and RP groups demonstrated similar 
PFS, with a median PFS of 9.9 months (95% 
confidence interval (CI) 5.1–14.6) in the BB 
group and 8.4 months (95% CI 6.3–10.5) in the 
RP group (p = 0.416), as shown in Supplemental 
Figure 1. Among patients with brain metastasis, 
BB and RP provided comparable PFS (p = 0.217). 
Furthermore, there was no difference in PFS 
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between the BB and RP groups in patients with 
malignant pleural effusion (p = 0.211).

Clinical efficacy in the CT group
The CT-BB and CT-RP groups demonstrated 
similar PFS, with a median PFS of 8.9 months 
(95% CI 3.9–13.9) in the CT-BB group, and 
6.9 months (95% CI 3.3–10.4) in the CT-RP 
group (p = 0.255), as illustrated in Figure 2a. 

The CT-BB group exhibited ORR and DCR 
that were similar to those observed in the CT-RP 
group (Table 1). Two patients in the CT-BB 
group and one in the CT-RP group had lesions 
that were not evaluable, and these three patients 
were therefore excluded from the ORR and 
DCR assessments. For the other evaluable 
patients, 34.8% in the CT-BB group and 41.2% 
in the CT-RP group achieved objective 
responses. Disease control was achieved by 

Table 1.  Patient characteristics of the CT group.

Characteristics Total, n (%) CT-BB, n (%) CT-RP, n (%) p Valuea

Age 0.828

  ≧65 25 (42.4) 11 (44.0) 14 (41.2)  

  <65 34 (57.6) 14 (56.0) 20 (58.8)  

Gender, n (%) 0.687

  Male 23 (39.0) 9 (36.0) 14 (41.2)  

  Female 36 (61.0) 16 (64.0) 20 (58.8)  

Smoking status, n (%) 0.861

  Never-smokers 37 (62.7) 16 (64.0) 21 (61.8)  

  Former or current smokers 22 (37.3) 9 (36.0) 13 (38.2)  

ECOG PS, n (%) 0.215

  0–1 51 (86.4) 20 (80.0) 31 (91.2)  

  2–4 8 (13.6) 5 (20.0) 3 (8.8)  

Stage, n (%) 0.471

  Stage 4A 22 (37.3) 8 (32.0) 14 (41.2)  

  Stage 4B 37 (62.7) 17 (68.0) 20 (58.8)  

Regimen 0.296

  Cisplatin 42 (71.2) 16 (64.0) 26 (76.5)  

  Carboplatin 17 (28.8) 9 (36.0) 8 (23.5)  

Driver mutation (EGFR/ALK/ROS1) 0.708

  Yes 30 (50.8) 12 (48.0) 18 (52.9)  

  No 29 (49.2) 13 (52.0) 16 (47.1)  

Objective response rate 32.8% 42.4% 0.579

Disease control rate 78.3% 75.8% 0.667

aBy Fisher’s exact test.
ALK, anaplastic lymphoma kinase; BB, bevacizumab biosimilar; CT, chemotherapy; ECOG PS, Eastern Cooperative Oncology Group performance 
status; EGFR, epidermal growth factor receptor; ROS1, ROS proto-oncogene 1; RP, reference product.
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78.3% in the CT-BB group and 75.8% in the 
CT-RP group.

According to the univariate and multivariate anal-
yses presented in Table 3, the only variable that 
had successfully predicted PFS was the tumor 
stage at the start of treatment. Patients with stage 
4B disease faced a significantly higher risk of dis-
ease progression (adjusted hazard ratio 2.80, 95% 
CI 1.31–5.99) compared with patients with stage 
4A disease. After adjusting for confounders, the 
type of anti-angiogenic drug—either the reference 
or biosimilar—did not significantly affect PFS.

Clinical efficacy in the TKI group
In our TKI cohort, the PFS was comparable 
between the two subgroups. Specifically, the 
TKI-BB subgroup had a median PFS of 
13.6 months (95% CI 9.6–17.5), compared with 
a median PFS of 18.4 months (95% CI 4.1–32.6) 
in the TKI-RP subgroup. The difference was not 
statistically significant (p = 0.363, see Figure 2b). 
The TKI-BB and TKI-RP subgroups showed 
similar ORR and DCR. One patient in the 
TKI-BB subgroup and two patients in the 
TKI-RP subgroup were excluded from the final 
response evaluation due to non-evaluable lesions. 

Table 2.  Patient characteristics of the EGFR-TKIs group.

Characteristics Total, n (%) TKI-BB, n (%) TKI-RP, n (%) p Valuea

Age 0.127

  ≧65 5 (25.0) 1 (9.1) 4 (44.4)  

  <65 15 (75.0) 10 (90.9) 5 (55.6)  

Gender, n (%) 0.028

  Male 8 (40.0) 7 (63.6) 1 (11.1)  

  Female 12 (60.0) 4 (36.4) 8 (88.9)  

Smoking status, n (%) 0.157

  Never smokers 14 (70.0) 6 (54.5) 8 (88.9)  

  Former or current smokers 6 (30.0) 5 (45.5) 1 (11.1)  

ECOG PS, n (%) 1.000

  0–1 17 (85.0) 9 (81.8) 8 (88.9)  

  2–4 3 (15.0) 2 (18.2) 1 (11.1)  

Stage, n (%) 0.189

  Stage 4A 2 (10.0) 0 (0.0) 2 (22.2)  

  Stage 4B 18 (90.0) 11 (100.0) 7 (77.8)  

Baseline EGFR mutation status, n (%) 0.525

  Exon 19 deletions 7 (35.0) 3 (27.3) 4 (44.4)  

  Exon 21 L858R 12 (60.0) 7 (63.6) 5 (55.6)  

  G719X + L861Q 1 (5.0) 1 (9.1) 0 (0.0)  

Objective response rate 80% 71.4% 0.659

Disease control rate 90% 100% 0.497

aBy Fisher’s exact test.
BB, bevacizumab biosimilar; ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR, epidermal growth factor receptor; RP, 
reference product; TKI, tyrosine kinase inhibitor.
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Among the evaluable patients, 80% in the 
TKI-BB subgroup and 71.4% in the TKI-RP 
subgroup achieved an ORR. Furthermore, 90% 
in the TKI-BB subgroup and 100% in the 
TKI-RP subgroup achieved a DCR.

According to the univariate and multivariate analy-
ses as presented in Table 4, we found no predictor 
for PFS, including the choice of anti-angiogenesis, 
age, gender, smoking status, ECOG PS, disease 
stage, or baseline EGFR mutation status.

Adverse events
AEs related to the study treatments are detailed in 
Supplementary Table 2. In the CT cohort, 31 
patients (52.5%) experienced hypertension of 
various grades: 26 grade 1, 5 grade 2, and 0 grade 
3. Proteinuria of various grades occurred in 23 
patients (39.0%): 14 grade 1, 9 grade 2, and 0 
grade 3. No significant difference in rates of 
hypertension or proteinuria was observed between 
the CT-BB and CT-RP subgroups. Each sub-
group had one case of hemoptysis. There were 
three incidents of thrombosis: one pulmonary 
embolism in each subgroup and one deep vein 
thrombosis in the CT-RP subgroup.

In the TKI cohort, hypertension of various grades 
was reported in 10 patients (50.0%): 7 grade 1, 3 
grade 2, and 0 grade 3. Proteinuria of various 

grades was reported in nine patients (45.0%): 3 
grade 1, 6 grade 2, and 0 grade 3. Incidences of 
hypertension and proteinuria were similar 
between the TKI-BB and TKI-RP subgroups. 
There were no reports of hemorrhage or throm-
bosis in the TKI treatment cohort.

Discussion
In the present study, we found that for stage IV 
NSCLC patients undergoing treatment with pem-
etrexed and platinum-based CT, PFS, and ORR 
were similar regardless of whether they had received 
the original bevacizumab drug or its biosimilar. In 
addition, no notable difference in the PFS and ORR 
was found in patients treated with the first- or sec-
ond-generation EGFR-TKIs in combination with 
either form of bevacizumab. Frequencies of AE 
such as hypertension, proteinuria, hemorrhage, 
and thrombotic episodes were also similar 
between those receiving the bevacizumab refer-
ence drug and the biosimilar. This is the first 
study to evaluate the outcome of treatment regi-
mens that include the BB for patients diagnosed 
with stage IV non-squamous NSCLC.

Bevacizumab is a significant treatment option for 
patients with non-squamous NSCLC. According to 
the E4599 study, patients with advanced NSCLC 
treated with paclitaxel and carboplatin along with 
bevacizumab experienced a median PFS of 

Figure 2.  The PFS of patients received (a) first-line platinum-pemetrexed combined with bevacizumab RP or 
its biosimilar and (b) first-line EGFR-TKIs combined with bevacizumab RP or its biosimilar.
BB, bevacizumab biosimilar; CT, chemotherapy; EGFR-TKI, epidermal growth factor receptor-tyrosine kinase inhibitor; PFS, 
progression-free survival; RP, reference product.
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6.2 months, compared with 4.5 months for those 
who underwent CT alone (HR 0.66, 95% CI 0.57–
0.77; p < 0.001).8 In terms of OS, the bevacizumab 
group had a better median OS of 12.3 months com-
pared with 10.3 months for the CT-only group (HR 
0.79, 95% CI 0.67–0.92; p = 0.003). Adding 

bevacizumab to CT also showed an enhanced 
response rate, with 35% in the group receiving 
paclitaxel, carboplatin, and bevacizumab, versus 
15% in the group treated with CT alone (p < 0.001). 
Based on the above findings, the paclitaxel–carbopl-
atin–bevacizumab group saw an improvement in 

Table 3.  Univariate and multivariate analyses of PFS in CT group.

Variables Univariate p Valuea Multivariate p Valuea

HR (95% CI) aHR (95% CI)

Age 0.321 0.556

  ≧65 Reference  

  <65 1.393 (0.722–2.687) 1.249 (0.597–2.613)  

Gender, n (%) 0.947 0.304

  Male Reference  

  Female 1.022 (0.535–1.951) 1.689 (0.622–4.585)  

Smoking status, n (%) 0.714 0.545

  Never smokers Reference  

  Former or current smokers 1.129 (0.589–2.166) 1.367 (0.497–3.761)  

ECOG PS, n (%) 0.924 0.483

  0–1 Reference  

  2–4 0.995 (0.373–2.448) 1.448 (0.515–4.073)  

Stage, n (%) 0.042 0.008

  Stage 4A Reference  

  Stage 4B 2.046 (1.027–4.080) 2.799 (1.309–5.985)  

Regimen 0.274 0.194

  Cisplatin Reference  

  Carboplatin 0.647 (0.297–1.412) 0.553 (0.227–1.350)  

Driver mutation (EGFR/ALK/ROS1) 0.305 0.071

  Yes Reference  

  No 1.391 (0.741–2.613) 1.979 (0.943–4.153)  

Bevacizumab 0.259 0.120

  RP Reference  

  BB 0.679 (0.347–1.329) 0.571 (0.282–1.156)  

aBy Cox proportional hazard model.
aHR, adjusted hazard ratio; ALK, anaplastic lymphoma kinase; BB, bevacizumab biosimilar; CI, confidence interval; ECOG PS, Eastern 
Cooperative Oncology Group performance status; EGFR, epidermal growth factor receptor; HR, hazard ratio; PFS, progression-free survival; 
ROS1, ROS proto-oncogene 1; RP, reference product.
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OS and PFS of around 2 months compared with 
those receiving CT only. Patel et al. reported that 
advanced non-squamous NSCLC patients treated 
with a combination of pemetrexed, carboplatin,  
and bevacizumab, followed by maintenance  
therapy with pemetrexed and bevacizumab had a 
median PFS and ORR of 6.0 months and 34.1%, 
respectively.20 The aforementioned study also  
confirmed that the carboplatin–pemetrexed– 
bevacizumab regimen slightly improved PFS and 
had a similar ORR when compared with the pacli-

taxel–carboplatin–bevacizumab regimen. In a real-
world study, Li et  al. reported a median PFS  
of 7.4 months among Chinese advanced lung ade-
nocarcinoma patients receiving pemetrexed– 
platinum–bevacizumab.21

In a phase III trial MAPLE study, the efficacies of 
the bevacizumab RP (Avastin®) and its biosimilar 
(MVASI®) were compared. Patients who received 
carboplatin and paclitaxel in combination with 
bevacizumab or its biosimilar achieved similar 

Table 4.  Univariate and multivariate analyses of PFS in EGFR-TKI group.

Variables Univariate p Valuea Multivariate p Valuea

HR (95% CI) aHR (95% CI)

Age 0.383 0.781

  ≧65 Reference  

  <65 1.967 (0.430–8.999) 1.369 (0.149–12.594)  

Gender, n (%) 0.876 0.380

  Male Reference  

  Female 0.912 (0.286–2.909) 2.167 (0.386–12.163)  

Smoking status, n (%) 0.456 0.343

  Never smokers Reference  

  Former or current smokers 1.550 (0.490–4.904) 2.384 (0.396–14.343)  

ECOG PS, n (%) 0.917 0.770

  0–1 Reference  

  2–4 1.086 (0.229–5.144) 1.314 (0.210–8.223)  

Stage, n (%) 0.631 0.567

  Stage 4A Reference  

  Stage 4B 1.670 (0.207–13.493) 2.408 (0.119–48.813)  

Baseline EGFR mutation status, n (%) 0.211 0.108

  Exon 19 deletions Reference  

  Exon 21 L858R 0.456 (0.133–1.560) 0.286 (0.062–1.314)  

Bevacizumab 0.369 0.801

  RP Reference  

  BB 1.800 (0.499–6.491) 1.241 (0.230–6.687)  

aBy Cox proportional hazard model.
aHR, adjusted hazard ratio; BB, bevacizumab biosimilar; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance 
status; EGFR, epidermal growth factor receptor; HR, hazard ratio; PFS, progression-free survival; RP, reference product; TKI, tyrosine kinase 
inhibitor.
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treatment outcomes. In the ABP 215 group, ORR 
was 39.0% which was comparable with 41.7% in 
the reference drug group. The two groups also 
had similar PFS, with an estimated HR of 1.03 
(90% CI 0.83–1.29).17 In our CT cohort, the 
overall median PFS was 8.0 months (95% CI 
5.1–11.0) and ORR was 39.2%. Our results are 
similar to the aforementioned studies. The 
median PFS rates of CT-RP and CT-BB were 
6.9 and 8.9 months, respectively (p = 0.225). The 
ORR rates of CT-RP and CT-BB were 42.4% 
and 32.8%, respectively (p = 0.579). In the multi-
variate analysis, choosing either the bevacizumab 
RP or its biosimilar did not affect the PFS.

Moreover, earlier clinical trials established the 
advantages of combining EGFR-TKIs with anti-
angiogenic agents in treating patients with 
advanced EGFR-mutant non-squamous 
NSCLC. Specifically, the NEJ026 study in 
Japan found that patients with EGFR-positive 
advanced non-squamous NSCLC treated with 
erlotinib in combination with bevacizumab had 
a median PFS of 16.9 months. This was notably 
superior to the 13.3 months PFS for those 
treated with erlotinib only (HR 0.605, 95% CI 
0.417–0.877; p = 0.016). Furthermore, the ORR 
and DCR for patients receiving combined treat-
ment of erlotinib and bevacizumab were 72% 
and 95%, respectively.9 In the RELAY study, 
patients with advanced EGFR-mutant NSCLC 
treated with erlotinib in conjunction with ramu-
cirumab, a human IgG1 vascular endothelial 
growth factor receptor 2 (VEGFR2) antagonist, 
showed a significantly improved PFS of 
19.4 months compared with 12.4 months PFS in 
those receiving a placebo alongside erlotinib 
(HR 0.59, 95% CI 0.46–0.76; p < 0.0001).22 
Thus, the combined inhibition of EGFR-TKIs 
and VEGFs is an attractive therapeutic approach 
for these patients. In a real-world setting, 
research by Tsai et  al. reported an enhanced 
PFS for a first-line regimen that combined an 
EGFR-TKI with anti-angiogenic therapy for 
patients with advanced EGFR-mutant NSCLC, 
when compared with treatment using TKI alone 
(17.0 months vs 11.0 months; HR 0.48, 95% CI 
0.30–0.77; p = 0.002).23 Huang et al. reported a 
median PFS of 16.4 months in patients with 
advanced EGFR-mutant lung adenocarcinoma 
treated with an EGFR-TKI in combination with 
bevacizumab.24 The overall ORR and DCR were 
77.8% and 94.4%, respectively. In addition, the 
study indicated that different EGFR-TKIs, such 
as erlotinib and afatinib, had comparable 

therapeutic effectiveness when used in conjunc-
tion with bevacizumab.

In the present study, the median PFS of the 
TKI-RP group was 18.4 months, and the TKI-BB 
group had a PFS of 13.6 months, with the differ-
ence not reaching statistical significance 
(p = 0.363). The ORR and DCR for the TKI-RP 
group were 71.4% and 100%, respectively. 
Meanwhile, the TKI-BB group had an ORR of 
80% and a DCR of 90%. There was no signifi-
cant difference in ORR or DCR between the two 
groups. The multivariate analysis also demon-
strated that there was no difference between the 
bevacizumab reference drug and its biosimilar in 
terms of their effect on PFS. Previously, no study 
had evaluated the treatment efficacy, including 
PFS, between the bevacizumab RP and its bio-
similar in combination with EGFR-TKIs among 
stage IV EGFR-mutant non-squamous NSCLC 
patients.

In our analysis of AEs, we focused on AEs asso-
ciated with bevacizumab, including hyperten-
sion, proteinuria, thrombosis, and hemorrhage. 
Data from the NEJ026 study showed that the 
rates of hypertension, proteinuria, thrombosis, 
and hemorrhage were 46%, 32%, 2%, and 28%, 
respectively.9 In the present study, hypertension 
occurred in 52.5% of patients undergoing CT 
and in 50% of those treated with TKIs. 
Proteinuria was observed in 39.0% of the CT 
group and 45.0% of the TKI group. As there 
was a limited number of participants, hemor-
rhage and thrombosis were reported in only two 
and three patients, respectively. In terms of anti-
angiogenic-related AEs, we found no significant 
difference between the bevacizumab RP or its 
biosimilar, whether used in combination with 
CT or EGFR-TKIs.

With advances in recombinant DNA technology, 
biologics have become one of the essential medi-
cations in cancer treatment. They include cell 
therapies, cytokine or growth factors, monoclo-
nal antibodies, and monoclonal antibody–drug 
toxin combinations. In 2019, 27% of the new 
approvals for cancer drugs in the EU, United 
States, and Japan were biologics.25,26 Over the 
past 20 years, biological agents have contributed 
to significant developments in oncology and 
other fields. However, these drugs are very 
expensive. The cost of cancer treatment has also 
increased, with the United States experiencing a 
10% annual increase in cancer treatment costs 
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between 1995 and 2013.27 With patents expiring, 
the development of biosimilars not only ensures 
similar clinical treatment efficacy but also has the 
potential to reduce healthcare expenditure. 
Biosimilars are typically priced between 70% and 
85% of the RPs. In China, in 2022, the BB was 
priced at 74% of the RPs. Globally, biosimilars 
for the treatment of cancer are typically dis-
counted by 30% in Europe, 10%–33% in the 
United States, and 30% in Japan.14 Biosimilars 
help to reduce medical expenses and also expand 
access to treatment for patients with cancer.

There were some limitations in this study. First, 
this investigation employed a retrospective design, 
and the data were collected at a single center. 
There may have been greater bias when com-
pared with prospectively designed studies. 
Despite this, we endeavored to collect compre-
hensive data for each case, including characteris-
tics, treatment courses, and outcome evaluations. 
Second, there was a relatively low number of 
cases, partly because bevacizumab is not covered 
by Taiwan’s National Health Insurance program, 
which meant that patients had limited access to 
the drug. However, this highlights the crucial role 
of lower-cost biosimilars in making the medica-
tion potentially more accessible to a broader 
patient population. Third, only Taiwanese 
patients were eligible for analysis. Therefore, it 
might not be possible to apply our results to dif-
ferent ethnic groups. Fourth, the choice of RP 
and BB was based on the shared decision-making 
between the physicians and patients without 
clearly defined criteria. According to the statisti-
cal analysis, there were no significant differences 
in patient characteristics between the RP and BB 
groups. Finally, most of our patients were admin-
istered bevacizumab at a dose of 7.5 mg/kg. 
Hence, it was not possible to determine the effect 
of 15 mg/kg dosage in our analysis. However, evi-
dence from the AVAil study demonstrated similar 
treatment efficacy between bevacizumab at a dose 
of 7.5 or 15 mg/kg when combined with CT.28 
Mok et al. conducted a subgroup analysis of an 
Asian population in the AVAil study and found 
similar results, that is, that Asian patients with 
advanced non-squamous NSCLC receiving beva-
cizumab at 7.5 mg/kg in combination with CT 
showed similar treatment efficacy compared with 
those receiving bevacizumab at 15 mg/kg.29 The 
rate of hypertension, the most common AE of 
special interest, was lower in the 7.5 mg/kg group 
when compared with the 15 mg/kg group. 
Therefore, we believe that opting for the lower 

dosage did not compromise our treatment 
outcomes.

Conclusion
Our research confirmed the clinical benefit of 
combining the BB with a platinum-pemetrexed 
regimen for treating patients with stage IV or 
recurrent metastatic non-squamous NSCLC. It 
was also effective when combined with EGFR-
TKIs in EGFR-mutant lung adenocarcinoma 
cases. In summary, patients receiving combina-
tion treatments of CT or EGFR-TKIs with either 
bevacizumab RP or its biosimilars had similar 
outcomes in terms of ORR, DCR, and PFS.
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