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ABSTRACT Objective: This phase 3 study aimed to test equivalence in efficacy and safety for QL1101, a bevacizumab analogue in Chinese 

patients with untreated locally advanced non-squamous non-small cell lung cancer (NSCLC).

Methods: Eligible patients were randomly assigned 1:1 to receive carboplatin and paclitaxel in combination with either QL1101 

or bevacizumab, 15 mg/kg every 3-week for 6 cycles. This was followed by maintenance treatment with single agent QL1101 every 

3-week. The primary end-point was objective response rate (ORR), with secondary end-points being progression-free survival (PFS), 

overall survival (OS), disease control rate (DCR), and adverse events (AEs).

Results: Of 675 patients, 535 eligible patients were randomized to the QL1101 group (n = 269) and bevacizumab group (n = 

266). ORRs were 52.8% and 56.8%, respectively, for the QL1101 and bevacizumab groups, with an ORR hazard ratio 0.93 (95% 

confidence interval: 0.8–0131.1). The PFS, OS, DCR, and AEs were comparable between the 2 groups, which remained the same after 

stratification according to epidermal growth factor receptor mutation or smoking history.

Conclusions: QL1101 showed similar efficacy and safety profiles as compared to bevacizumab among Chinese patients with 

untreated locally advanced non-squamous NSCLC.
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Introduction

Bevacizumab, a recombinant humanized monoclonal anti-

body against vascular endothelial growth factor receptor, was 

approved by the United States Food and Drug Administration 

(FDA) in 2004 as a first-line treatment in combination with 

cytotoxic chemotherapy for patients with advanced colorectal 
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cancer. Its clinical utility has been expanded to non-squamous 

non-small cell lung cancer (NSCLC) in 20061,2. To date, bev-

acizumab is also approved in most countries (including the 

US, European Union, and China) for treatment of multiple 

cancers (NSCLC, colorectal cancer, and breast cancer, etc.)1-3. 

Financial burdens related to bevacizumab pose challenges to 

healthcare systems among many countries including China, so 

bevacizumab analogues are highly desirable to improve cost 

effectiveness4-6.

Multiple bevacizumab analogues (including ABP 215, 

QL1101, PF-06439535, and CT-P16, etc.) have been devel-

oped by different pharmaceutical companies7-10. ABP 215 was 

the first bevacizumab analogue approved by the US FDA in 

201811, while QL1101, another bevacizumab analogue, was 

approved by the National Medical Products Administration 

(NMPA) (China) in 2019. QL1101 was shown to have a sim-

ilar structure, in vitro tumor growth inhibition, and pharma-

cokinetic profile as bevacizumab8. However, questions remain 

unanswered regarding the comparability in their efficacies and 

safety profiles. In this clinical trial (NCT03169335), we aimed 

to test the equivalence in efficacy and safety profiles for the 

bevacizumab analogue, QL1101, among Chinese patients with 

untreated local stage IIIb or stage IV non-squamous NSCLC.

Materials and methods

Study design

This study was a randomized, double-blind, multicenter, phase 

3 clinical trial (ClinicalTrials.gov identifier: NCT03169335). 

Patients from 54 centers in China were enrolled between 

November 1, 2016 and July 31, 2018. The study was conducted 

according to the tenets of the Declaration of Helsinki, and was 

approved by the institutional independent ethics committee. 

Written informed consent was obtained from all participants 

before entering the trial.

Patients and treatments

Of 675 patients screened for this clinical trial, 535 eligible 

patients were enrolled. The main inclusion criteria included: 

ages ≥ 18 years of age and < 75 years of age; pathologically- 

confirmed non-squamous stage IIIb or stage IV NSCLC; at 

least one measurable lesion per Response Evaluation Criteria 

in Solid Tumors, version 1.1 (RECIST 1.1); and an untreated 

or progressed disease and an Eastern Cooperative Oncology 

Group (ECOG) score of 0 or 1. Key exclusion criteria included 

squamous NSCLC (including mixed type adenocarcinoma 

squamous cell carcinoma); known sensitizing EML4-ALK 

translocations (patients without known status were permit-

ted); known central nervous system metastases; major surgical 

resection 28 days prior to enrollment; and any prior  systemic 

therapy (including chemotherapy, targeted therapy and 

immunotherapy). Patients were randomized to receive pacl-

itaxel (175 mg/m2 Q21d IV) plus (carboplatin: AUC 6 Q21 IV) 

in combination with either QL1101 (15 mg/kg Q21d IV) or 

bevacizumab (15 mg/kg Q21d IV) for 4–6 cycles followed by 

maintenance therapy with QL1101(15 mg/kg Q21d IV).

Randomization and masking

Patients were randomly assigned 1:1 to receive QL1101-based 

or bevacizumab-based treatment protocols with a block ran-

domization scheme using a double-blind, computerized, 

and randomized list generator. The randomization factors 

included age (< 65 years or ≥ 65 years), sex (male or female), 

smoking history (yes or no), pathology [wild-type or epider-

mal growth factor receptor (EGFR) mutation], and ECOG (0 

or 1). Packaging of the QL1101 and bevacizumab (supplied by 

Qilu Pharmaceutical Group) were identical and coded accord-

ing to the random code list.

Outcomes

The primary end-point was objective response rate (ORR) 

using an independent image blinding evaluation committee. 

ORR [including complete response (CR) and partial response 

(PR)] was determined using RESCIST 1.1 criteria. Secondary 

end-points were progression-free survival (PFS), overall 

survival (OS), and disease control rate (DCR; 6 months, 12 

months, and 18 months, respectively). The safety end-point 

was used to compare treatment emergent adverse events 

(TEAEs) between the 2 groups.

Statistical analysis

The primary end-point-ORR was calculated by using the 

approximate Gaussian distribution method, with the corre-

sponding confidence interval set at 90%. Equivalence assess-

ment was determined if the ORR ratio was 0.75–1.33. The 

equivalence assessment for secondary end-points (PFS, OS, 

and DCR) was performed using the Kaplan-Meier method 
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where the Mantel-Cox test (including the chi-square and log-

rank P value) were chosen. Equivalence evaluation in safety 

end-point was performed by comparing the incidence rates 

of adverse events (TEAE, serious TEAE, neutrophil reduction, 

and leukopenia) between the 2 groups.

Results

A total of 535 eligible patients with untreated locally stage IIIb 

or stage IV non-squamous NSCLC were enrolled and treat-

ment assigned. All participants were randomized 1:1 to the 

QL1101 group [n = 269, 50.28%, of whom 158 (58.7%) were 

male, of whom 111 (41.3%) were female, with a median age 

of 59 (27–75) years of age] and the bevacizumab group [n = 

266, 49.72%, of whom 160 (60.2%) were male, of whom 106 

(39.8%) were female, with a median age of 58 (35–75) years of 

age] (Figure 1, Supplementary Table S1). Of the 535 patients, 

104 patients (38.7%, QL1101 group) and 107 patients (40.2%, 

bevacizumab group) tested positive for a EGFR mutation; 125 

patients (46.5%, QL1101 group) and 127 patients (47.7%, 

bevacizumab group) had a history of smoking, 26 patients 

(9.7%, QL1101 group), and 30 patients (11.3%, bevacizumab 

group) had a history of secondary malignancy. The baseline 

clinical characteristics are shown in Supplementary Table S1, 

and were well balanced between the 2 groups. All patients were 

followed-up to death, and the median follow-up durations 

were 14.7 (0.8–22.4) months for the QL1101 group and 15.2 

(1.8–22.4) months for the bevacizumab group.

All 535 patients were included in the statistical analysis. At 

the time of data cutoff, 109 out of 269 patients (40.5%) in 

the QL1101 group died, while 99 out of 266 patients (37.2%) 

in the bevacizumab group died. Among patients receiving 

QL1101, 52.8% patients achieved partial response (PR) (142 

patients), 32.7% stable disease (SD) (88 patients), 4.8% pro-

gressive disease (PD) (13 patients), 9.7% not evaluated (NE) 

(26 patients), and none with complete response (CR) (0 

Eligible patients with untreated locally stage IIIb
or stage IV non-squamous NSCLC (n = 535) 

Randomly assigned (1:1)

Bevacizumab group (n = 266)QL1101 group (n = 269)

QL1101: 15 mg/kg Q21d IV
Paclitaxel: 175 mg/m2 Q21d IV

Carboplatin: AUC 6 Q21 IV

Bevacizumab: 15 mg/kg Q21d IV
Paclitaxel: 175 mg/m2 Q21d IV

Carboplatin: AUC 6Q21 IV

QL1101: 15 mg/kg Q21d IV

4–6 cycles 

QL1101: 15 mg/kg Q21d IV

Follow-up

Figure 1 Study flowchart.
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patients, 0%), ORR 52.8% (142 patients) were observed; while 

among patients in the bevacizumab group, PR (150 patients, 

56.4%), SD (82 patients, 30.8%), PD (14 patients, 5.3%), NE 

(19 patients, 7.1%), CR (1 patient, 0.4%), and ORR 56.8% 

(151 patients) were observed (Figure 2A).

The median PFSs were 151 days for both the QL1101 group 

and the bevacizumab group [151 days, (HR = 1.112, 95% CI: 

0.9334–1.326), chi-square = 1.416] (Figure 2C). The survivals 

at 6 months, 12 months, and 18 months were 92.9% (250 of 

269 patients), 72.1% (194 of 269 patients), and 28.3% (76 of 

269 patients), respectively, in the QL1101 group, as compared 

to 91.8% (247 of 266 patients), 75.8% (204 of 266 patients), 

and 33.5% (76 of 266 patients) for the bevacizumab group, 

respectively. The median OSs were not reached [HR = 1.130, 

95% confidence interval (CI): 0.8611–1.484, chi-square = 

0.7792] (Figure 2D). Either QL1101-induced or bevacizumab- 

induced AEs were nearly equivalent, except the evalua-

tion of any Common Terminology Criteria for Adverse Events  

(CTCAE) ≥ 3 adverse drug reactions (ADR) [QL1101: 84 

patients (31.23%) vs. bevacizumab: 64 patients (24.06%), P = 

0.0825] (Figure 2B).

Subgroup analyses were conducted according to age, sex, 

smoking history, pathology, tumor history, and ECOG; there 

was no statically significant difference found for the PFS. 

Regarding the OS (Table 1) among patients with a EGFR 

mutation, the median OS of the bevacizumab group was 

longer than the median OS of the QL1101 group [QL1101 

(n = 104) vs. bevacizumab (n = 107): HR = 1.617 (0.9382–

2.788), chi-square = 2.994, log-rank P value = 0.0835] 

(Supplementary Figure S1A). A similar result was found in the  

other 2 subgroups. As shown in Supplementary Figure S1B, 

patients with a smoking history receiving QL1101 therapy 

showed a lower OS than those patients receiving bevacizumab 

therapy [QL1101 (n = 66) vs. bevacizumab (n = 72): HR = 

1.610 (0.9893–2.619), chi-square = 3.674, log-rank P value 

= 0.0553]. Regarding analysis of the ECOG 0 subgroup, the 

results were between those of the EGFR mutation subgroup 

and ever smoker subgroup [QL1101 (n = 61) vs. bevacizumab 

(n = 65): HR = 1.700 (0.9502–3.040), chi-square = 3.196, log-

rank P value = 0.0738)] (Supplementary Figure S1C). These 

results indicated that there was little difference in therapeutic 

efficiencies between QL1101 and bevacizumab treatments of 

some subgroups of patients with untreated local stage IIIb or 

stage IV non-squamous NSCLC.

To understand how the differences originated, we per-

formed further analyses on the clinical data. Patients with 

Category QL1101
n (%)

Bevacizumab
n (%)

P

Any TEAE 267 (99.26) 265 (99.62) 1.0000
Any serious TEAE 71 (26.39) 64 (24.06) 0.5729
Any CTCAE ≥3 TEAE 242 (89.96) 243 (91.35) 0.6817
Any CTCAE ≥3 ADR 84 (31.23) 64 (24.06) 0.0825
Neutrophil reduction 18.7% 15.41% 0.3782
Leukopenia 8.27 8.27% 1.0000
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Figure 2 Equivalent therapeutic efficacy and safety were demonstrated between QL1101 and bevacizumab. (A) Similarity between QL1101 
and bevacizumab was evaluated for the end-points of partial response, stable disease, progressive disease, not evaluated, complete response, 
and objective response rate. (B) Equivalence between QL1101 and bevacizumab was compared for safety including any treatment emergent 
adverse events (TEAEs), any serious TEAEs, any CTCAE ≥ 3 TEAE, any CTCAE ≥ 3 adverse drug response (ADR), neutrophil reduction, and leu-
kopenia. (C, D) Similarities between QL1101 and bevacizumab were evaluated for the progression-free survival and overall survival end-points.
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EGFR mutations in the ECOG 0 subgroup received more 

OS benefit when they were treated with bevacizumab (n = 

24) rather than QL1101 (n = 20) (log-rank P value = 0.0047) 

(Supplementary Figure S2A). Regarding the EGFR muta-

tion patients in the ever smoking history subgroup, there was 

slightly more OS benefit after bevacizumab therapy (n = 19)  

when compared with QL1101 therapy (n = 17) (log-rank  

P value = 0.1070) (Supplementary Figure S2B). In these patients, 

we first assumed that the cause of the therapeutic efficiency  

difference may have been attributed to some patients in the 

EGFR mutation subgroup. We then analyzed the equivalent 

efficacy of those patients with EGFR mutations after exclud-

ing patients with a history of smoking and tumors. The results 

showed that the therapeutic efficacy between QL1101 therapy 

and bevacizumab therapy was much more similar (chi-square 

= 0.3602) (Figure 3A).

After eliminating imbalanced factors, we further analyzed 

the response for all patients (n = 454) between the QL1101 

(n = 231) and bevacizumab groups (n = 223). The responsive 

score including the PR (119 patients, 51.5%), SD (73 patients, 

31.6%), PD (13 patients, 5.6%), NE (25 patients, 10.8%), CR 

(0 patients, 0%), and ORR (119 patients, 52.8%) were defined 

after patients received QL1101 therapy, and the PR (118 

patients, 52.9%), SD (73 patients, 32.7%), PD (13 patients, 

5.8%), NE (18 patients, 8.1%), CR (1 patients, 0.4%), and 

ORR (119 patients, 53.4%) were defined after patients received 

bevacizumab therapy (Figure 3B). The therapeutic efficacy 

between QL1101 and bevacizumab showed more equivalence, 

Table 1 Equivalent therapeutic efficacy between QL1101 and bevacizumab was evaluated for the subgroups of baseline characteristics

 
 

PFS (days)  
 

OS (days)

QL1101a   Bevacizumabb   HR (95% CI)c   Pd QL1101a   Bevacizumabb   HR (95% CI)c   Pd

Age (years)

 < 65   168   161   1.055 (0.8632–1.290)   0.2749   Undefined  Undefined   1.096 (0.7898–1.522   0.3025

 ≥ 65   132   140   1.311 (0.9113–1.885)   2.128   504   501   1.034 (0.6868–1.557)   0.0256

Gender

 Male   153   151   1.109 (0.8834–1.392)   0.7947   475   Undefined   1.288 (0.9342–1.775)   2.384

 Female   141   150.1   1.138 (0.8627–1.502)   0.8381   Undefined  Undefined   0.880 (0.5257–1.473)   0.2364

Smoking history

 Never   152   168   1.121 (0.8803–1.429)   0.8611   Undefined  Undefined   1.050 (0.6841–1.610)   0.0491

 Ever   164   139   1.173 (0.8267–1.665)   0.8001   462   Undefined   1.610 (0.9893–2.619)   3.674

 Still   136   134   0.9681 (0.6633–1.413)   0.0283   Undefined  466   0.8480 (0.5057–1.422)  0.3905

Pathology

 Wild type   150   144   1.058 (0.8448–1.325)   0.2409   Undefined  566   1.003 (0.7329–1.374)   0.0275

  EGFR 
mutation

  151.5   169   1.188 (0.8967–1.573)   1.44   Undefined  Undefined   1.617 (0.9382–2.788)   2.994

Tumor history

 Yes   152   177   1.281 (0.7342–1.439)   0.7609   Undefined  Undefined   0.651 (0.2440–1.736)   0.7354

 No   151   148.5   1.089 (0.9050–1.311)   0.8161   Undefined  Undefined   1.175 (0.8854–1.560)   1.249

ECOG

 0   155   132   0.8692 (0.6022–1.255)   0.5599   Undefined  Undefined   1.700 (0.9502–3.040)   3.196

 1   151   170   1.192 (0.9752–1.456)   2.938   Undefined  Undefined   1.010 (0.7423–1.375)   0.004

aThe bevacizumab analogue was sourced from Qilu Pharmaceutical Co., Ltd, China. bBevacizumab was sourced from Roche, China. cHazard 
ratio (HR) [95% confidence interval (CI)]. dChi-square value using the Mantel-Cox test. PFS, progression free survival; OS, overall survival; 
ECOG, Eastern Cooperative Oncology Group; EGFR, epidermal growth factor receptor.
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with remarkable equivalence after OS analysis (chi-square = 

0.01647) (Figure 3C, 3D). Analyses of the equivalence of dif-

ferent subgroups showed that nearly all subgroups had much 

more similar therapeutic efficacies, either using PFS analysis or 

OS analysis (Table 2). Finally, we conducted responsive anal-

yses on patients who received QL1101 or bevacizumab; the 

results suggested that nearly all subgroups (including age, sex, 

smoking history, pathology, and tumor history) showed no dif-

ference, while after PFS analyses, patients with age < 65 years, 

female, no smoking history, and EGFR mutations, received 

more OS benefit than patients with age ≥ 65 years, male, smok-

ing history, and no EGFR mutation (Supplementary Table S2). 

These results indicated that some baseline characteristics were 

associated with OS outcomes of patients with untreated local 

stage IIIb or stage IV non-squamous NSCLC, which did not 

affect the therapeutic efficacy while being treated with bevaci-

zumab or QL1101 as the first-line therapy.

Discussion

Lung cancer is the leading cause of cancer death world-

wide, with NSCLC accounting for approximately 85% of 

all cases12,13. Anti-angiogenesis drugs play an important 

role in preventing disease progression2,14-16. Since US FDA 

approval of bevacizumab in treating non-squamous NSCLC 

in October 2006, access to bevacizumab has been limited 

because of its high cost1,4-6, which makes bevacizumab ana-

logues highly desirable5. Bevacizumab analogue, QL1101, 

was approved by the NMPA (China) in November 2019. This 

study therefore aimed to assess the possible equivalence in 

efficacy and toxicity of the bevacizumab analogue, QL1101, 

among Chinese patients with untreated local stage IIIb or 

stage IV non-squamous NSCLC.

Published data has shown comparable efficacies and safety 

profiles for bevacizumab and its ABP125 and PF-06439535 

analogues among patients with non-squamous NSCLC7,9. 

Patients enrolled in these two clinical trials were mostly from 

Europe and the USA, and patients with recurrent disease 

after adjuvant or neoadjuvant treatment were included in 

these trials. The present study focused on the Chinese pop-

ulation who were systemic treatment naïve. Similar to the 

ABP125 study, patients with confirmed EGFR mutations 

were included in this trial, which also served as a stratifica-

tion parameter.
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Figure 3 Evaluation of equivalent therapeutic efficacy after excluding interference factors. (A) Equivalent overall survival (OS) evaluation in 
EGFR-mutated patients, excluding patients with a history of smoking and tumors. (B) After excluding the interference factors, better equiva-
lence between QL1101 and bevacizumab was observed for the end-points of partial response, stable disease, progressive disease, not eval-
uated, complete response, and objective response rate. (C, D) After excluding interference factors, better equivalence between QL1101 and 
bevacizumab was found for the end-points of progression-free survival and overall survival.



822 Chu et al. Equivalent efficacy between QL1101 and bevacizumab

In this phase 3 clinical study, the primary end-point (ORR) 

and secondary end-points (including PFS, OS, DCR, and 

safety) were similar between the analogue and bevacizumab 

groups. ORR has been an important parameter in many bio-

similar studies7,9,17,18.

Because of EGFR-tyrosine kinase inhibitor (TKI) treat-

ments, studies have shown that NSCLC patients with EGFR 

mutations received more OS benefit than those without 

EGFR mutations19. Moreover, patients with a smoking his-

tory had decreased OS, when compared with patients with-

out a smoking history20. These factors affecting OS analysis 

have been considered before double-blind randomization, and 

have been incorporated into the groupings. We found that 3 

subgroups (EGFR mutation, ever smoking history, and ECOG 

0) had a difference in OS between QL1101 and bevacizumab 

therapies, indicating the presence of an imbalance factor 

between the QL1101 and bevacizumab groups. After anal-

ysis, we found differences between the 2 groups were attrib-

uted to EGFR mutation patients with a history of smoking or 

 tumors. After excluding interference factors, we then found 

a significant equivalence for primary end-points (ORR) and 

secondary end-points (OS), and also found good equivalence 

in subgroup analyses. These results indicated that we should 

fully consider basic baseline characteristics, which were more 

objective in showing a difference in comparative clinical trials 

for other anti-cancer analogues.

Table 2 Equivalent therapeutic efficacy between QL1101 and bevacizumab was evaluated for the subgroups after excluding the interference 
factors.

 
 

PFS (days)  
 

OS (days)

QL1101a   Bevacizumabb  HR (95% CI)c   Pd QL1101a   Bevacizumabb   HR (95% CI)c   Pd

Age (years)

 < 65   169   147   0.9985 (0.8014–1.244)   < 0.001   Undefined  Undefined   0.9792 (0.6854–1.399   0.0134

 ≥ 65   131   137   1.288 (0.8777–1.890)   1.673   459   508   1.150 (0.6985–1.894)   0.3025

Gender

 Male   150   134   1.065 (0.825–1.374)   0.2321   459   566   1.161 (0.8203–1.643)   0.7084

 Female   141   147   1.093 (0.8203–1.456)   0.3687   Undefined  Undefined   0.8216 (0.4839–1.395)   0.5290

Smoking history

 Never   150   168   1.130 (0.8807–1.450)   0.9231   Undefined  Undefined   1.032 (0.6695–1.592)   0.0209

 Ever   170   133   0.9533 (0.6372–1.426)   0.0541   459   497   1.004 (0.6791–1.484)   < 0.001

 Still 130 121 0.9171 (0.5900–1.426) 0.1479 Undefined 396.5 0.6473 (0.3583–1.169) 2.078

Pathology  

 Wild type   150   144   1.058 (0.8448–1.325)   0.2409   Undefined  566   1.003 (0.7329–1.374)   0.0275

  EGFR 
mutation

142.5   138   1.091 (0.7627–1.561)   0.2286   Undefined  Undefined   1.260 (0.5921–2.682)   0.3602

Tumor history  

 Yes   146   175   1.602 (0.7613–3.371)   1.541   Undefined  513   0.3735 (0.1200–1.163)   2.888

 No   145   140   1.033 (0.8479–1.259)   0.8161   Undefined  Undefined   1.085 (0.8038–1.465)   0.2838

ECOG  

 0   158   132   0.7639 (0.5121–1.139)   1.744   Undefined  Undefined   1.281 (0.6763–2.426)   0.5772

 1   144   154   1.174 (0.9451–1.459)   2.105   Undefined  Undefined   0.9589 (0.6922–1.328)   0.0638

aBevacizumab biosimilar sourced from Qilu Pharmaceutical Co., Ltd, China. bBevacizumab sourced from Roche China. cHazard Ratio (95% CI 
of ratio. dChi square value using Mantel-Cox test. 
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Conclusions

This study showed equivalences in efficacy (including  primary 

end-point ORR, and secondary end-point PFS, OS,  and DCR) 

and safety profiles when comparing bevacizumab  analogue, 

QL1101, with bevacizumab among patients with non- 

squamous NSCLC in China.
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