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Abstract
Background: Previous studies have demonstrated the preclinical pharmacolog-
ical and toxicological consistency, and clinical pharmacokinetic equivalence of
bevacizumab biosimilar LY01008 with reference bevacizumab (Avastin). This
randomized controlled trial aimed to compare the efficacy and safety of LY01008
with Avastin in first-line treatment of Chinese patients with advanced or recur-
rent non-squamous non-small cell lung cancer (NSCLC).
Methods: Stage IIIB-IV NSCLC patients with evaluable lesions, good physical
status, and adequate organ functions from 67 centers across China were ran-
domized in a ratio of 1:1 to receive LY01008 or Avastin 15 mg/kg intravenously
in combination with paclitaxel/carboplatin (combined treatment) for 4-6 cycles,
followed by maintenance monotherapy with LY01008 until disease progres-
sion, intolerable toxicity, or death. The primary endpoint was objective response
rate (ORR) in accordance with Response Evaluation Criteria in Solid Tumors
(RECIST) version 1.1 confirmed by independent radiological review committees
(IRRC). Secondary endpoints included disease control rate (DCR), duration of
response (DoR), progression-free survival (PFS), overall survival (OS), and safety.
This study was registered in ClinicalTrials.gov (NCT03533127).
Results: Between December 15th, 2017, andMay 15th, 2019, a total of 649 patients
were randomized to the LY01008 (n = 324) or Avastin (n = 325) group. As of
September 25th, 2019 for primary endpoint analysis, 589 patients received ORR
evaluation, with a median number of combined treatment cycles of 5 (range 1-6)
andmedianduration of treatment of 3.0 (range 0.0-5.1)months.ORRof response-
evaluable patients in the LY01008 and Avastin groups were 48.5% and 53.0%,
respectively. The stratified ORR ratio was 0.91 (90% CI 0.80-1.04, within the pre-
specified equivalence margin of 0.75-1.33). Up to May 15th, 2020, with a median
follow-up of 13.6 (range 0.8-28.4)months, no notable differences in DCR,median
DoR, median PFS, median OS, and 1-year OS rate were observed between the
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LY01008 and Avastin groups. There were no clinically meaningful differences in
safety and immunogenicity across treatment groups.
Conclusions: LY01008 demonstrated similarity to Avastin in terms of effi-
cacy and safety in Chinese patients with advanced or recurrent non-squamous
NSCLC. LY01008 combined with paclitaxel/carboplatin is expected to become a
new treatment option for unresectable, metastatic, or recurrent non-squamous
NSCLC patients in the first-line setting.

KEYWORDS
anti-angiogenesis, anti-VEGF monoclonal antibody, avastin, bevacizumab, biosimilar, non-
small cell lung cancer, LY01008, vascular endothelial growth factor

1 BACKGROUND

Lung cancer was associated with estimates of more than
2.2 million new cases and 1.8 million cancer-related deaths
worldwide, in 2020 [1], of which over one-third occurred
in China [2, 3]. Non-small cell lung cancer (NSCLC)
accounts for about 80%-85% of the total cases of lung
cancer [4, 5]. In the past 20 years, many new strategies
that have changed the treatment paradigms for NSCLC
have emerged [6–8]. Among these new strategies, targeted
therapy and anti-angiogenesis therapy are very impor-
tant. For the former, epidermal growth factor receptor
(EGFR) tyrosine kinase inhibitors (TKIs) exhibited supe-
riority over cytotoxic therapy as the first-line treatment in
sensitive EGFR-mutated NSCLC patients, with the objec-
tive response rate (ORR) of approximately 60%-80% ver-
sus 30%-40% and progression-free survival (PFS) of around
9-14months versus 4-6months. For the latter, targeting the
vascular endothelial growth factor (VEGF) by monoclonal
antibodies is a key anti-angiogenesis strategy [9, 10].
Anti-angiogenesis has become a valid therapy in anti-

cancer treatment since 1971 [11]. The VEGF signaling path-
way plays a dominant role in stimulating angiogenesis,
which is the main process promoting tumor growth and
metastasis [12, 13]. As an anti-VEGF humanized mono-
clonal antibody, bevacizumab can neutralize VEGF-A’s
biologic activity through a steric blocking of its binding
with the VEGF receptor, and its efficacy has been demon-
strated in patients with NSCLC [14–16].
Bevacizumab (Avastin, Roche, Basel, Switzerland) is

the first anti-angiogenic drug that has been widely used
in combination with chemotherapy in several malignant
tumors includingNSCLC since its approval by theUS Food
and Drug Administration (FDA) on February 26th, 2004
and the European Medicines Agency (EMA) on January
12th, 2005 [17–19]. For advanced NSCLC, platinum-based
chemotherapy has yielded a response rate of 20%-30%,
with the median overall survival (OS) shorter than 1 year

[20]. The BEYOND study (NCT01364012) confirmed the
benefit of carboplatin/paclitaxel plus bevacizumab com-
pared with carboplatin/paclitaxel alone in Chinese non-
squamous NSCLC patients. ORR was improved (54% vs.
26%, P < 0.001) and median OS was prolonged (24.3 vs.
17.7months, P= 0.015, hazard ratio= 0.68) [16]. OnAugust
1st, 2015, Avastinwas approved by theChinaNationalMed-
ical Product Administration (NMPA) for the treatment of
advanced or recurrent non-squamousNSCLC. In the era of
immunotherapy, results of the IMpower150 study showed
that bevacizumab combinedwith atezolizumab and carbo-
platin plus paclitaxel could generate survival benefits for
advanced non-squamous NSCLC in the first-line setting
[21].
Bevacizumab has become the standard of care for

the treatment of advanced or recurrent non-squamous
NSCLC. In order to make bevacizumabmore available, the
development of bevacizumab biosimilar is needed [22–25].
Bevacizumab biosimilar can provide accessibility at low
costs with similar efficacy, thus enabling more patients to
obtain clinical benefits [24, 26].
LY01008 is a bevacizumab biosimilar developed by

Boan Biotechnology Co., Ltd. (Yantai, Shandong, China).
Pharmacological and toxicological studies have shown
that LY01008 is consistent with Avastin in preclini-
cal pharmacodynamics, pharmacokinetics, and safety
(data unpublished). Previous phase I pharmacokinetics
similarity study (data unpublished) and a phase III
efficacy study were conducted in alignment with the
current regulation/recommendations for the develop-
ment of bevacizumab biosimilars [27–30]. The clinical
pharmacokinetic equivalence of LY01008 with Avastin
has been confirmed in a previous phase I study (data
unpublished). In this phase III study, we compared the
efficacy and safety of LY01008 plus paclitaxel/carboplatin
with those of Avastin plus paclitaxel/carboplatin in the
first-line treatment of Chinese patients with advanced
or recurrent non-squamous NSCLC to verify the
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clinical similarity of the two drugs (ClinicalTrials.gov
Identifier: NCT03533127).

2 PATIENTS ANDMETHODS

2.1 Study design and patients

Patients aged 18 to 75 years old with histologically or cyto-
logically confirmed, unresectable, untreated, metastatic,
or recurrent non-squamous (Stage IIIB-IV) NSCLC from
67 centers across China were enrolled in this randomized,
double-blinded, phase III study. Major criteria for eligi-
ble enrollment included Eastern Cooperative Oncology
Group (ECOG) Performance Status (PS) 0 or 1; at least
one measurable lesion as defined by Response Evaluation
Criteria in Solid Tumors (RECIST) version 1.1; adequate
bone marrow, hepatic, and renal functions; expected life
expectancy ≥6 months. Major exclusion criteria included
the history of systemic anti-cancer therapy for advanced
disease or relapsed <6 months after neoadjuvant or adju-
vant chemotherapy; mixed with small-cell histology or
squamous cells as the main component; hemoptysis his-
tory; tumors invading major blood vessels; symptomatic
intracranial metastases (asymptomatic or treated and
stable were allowed); major trauma/surgery and radical
radiotherapy history in the last 28 days; uncontrolled
hypertension; recent therapeutic use of anticoagulants
or thrombolytic agents, etc. The smoking status groups
included current smoker, former smoker (both defined
as the smoking group and the smoking status is “Yes”),
and never smoked (defined as the non-smoking group
and the smoking status is “No”). EGFR mutation status
identified by EGFR gene-testing was recorded but was not
considered as a criterion for inclusion or exclusion. The
protocol was reviewed and approved by all independent
institutional review boards and ethics committees of each
study center. Written informed consent was obtained
from all patients before any study-related procedures were
performed.

2.2 Randomization and blinding

Eligible patients were randomized in a 1:1 ratio by an
InteractiveWebResponse System (theMedidata Solutions,
Inc. New York, NY, USA) into an LY01008 or Avastin
groups. Patientswere stratified based on age, gender,EGFR
mutation status. Treatment assignments were blinded
to patients and investigators. Only limited independent
members of the sponsor’s research team and study nurse
responsible for preparing themedication were un-blinded.

2.3 Treatment procedures

Patients were assigned into the two treatment groups and
received intravenous (IV) LY01008 (LY01008 group) or
Avastin (Avastin group) 15 mg/kg, in combination with
carboplatin (area under the curve = 6) and paclitaxel
(175 mg/m2), administered every three weeks for 4-6 cycles
(combined treatment) followed by LY01008 maintenance
monotherapy, until any of the following events occurred:
intolerable toxicity, consent withdrawal, disease progres-
sion, loss to follow-up, study termination or death. Pacli-
taxel and carboplatin dose reductions were allowed for
reducing toxicity, but dose reductions were not permitted
for LY01008 or Avastin to ensure the treatment equaliza-
tion of the two groups. The first, second, and subsequent
doses of LY01008 or Avastinwere administered over 90, 60,
and 30 minutes, respectively, if they were well tolerated.

2.4 Endpoints and assessments

The primary efficacy endpoint was ORR, defined as
the rate of the best overall response of either complete
response (CR) or partial response (PR) evaluated by an
independent radiological review committees (IRRC) using
the RECIST version 1.1 during the first 6 cycles in the full
analysis set (FAS) population. The secondary efficacy end-
points included disease control rate (DCR), duration of
response (DoR), PFS, OS, and safety. DCR was defined as
the percentage of patients who achieved CR, PR, or stable
disease (SD). DoR was calculated as the time from the first
objective response (CR or PR) to disease progression. PFS
was defined as the time from randomization until progres-
sion or death. OS was defined as the time from randomiza-
tion to death (for any reason).
During the combined treatment and LY01008 main-

tenance treatment, imaging examination was performed
every 6 weeks (42 ± 7 days) until disease progression, con-
sent withdrawal, loss to follow-up, death, or the end of
the study (defined as 12 months after the last patient was
randomized). Telephonic follow-up was performed every
12 weeks (± 7 days) after disease progression until death,
loss to follow-up, or the end of the study. For patients with
brain metastasis, patients whose intracranial progression
was observed and recorded prior to the end of the study or
patients who received imaging follow-up until the end of
the study with no progression in intracranial or systemic
lesions were defined as those who experienced enough
intracranial follow-up.
Safety evaluation mainly involved the assessments of

adverse events (AEs) and immunogenicity. Key indicators
for AEs included treatment-emergent AEs (TEAEs),

http://ClinicalTrials.gov
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serious adverse events (SAEs), and AEs of special inter-
est (AESI) such as anti-VEGF-related AEs. The AESI
defined in this study were hypertension, proteinuria
or nephrotic syndrome, gastrointestinal perforations or
fistula, bleeding/hemorrhage, cardiac disorders, arte-
riovenous thromboembolic events, posterior reversible
encephalopathy syndrome (PRES), and wound-healing
complications. All AEs were graded according to the Com-
mon Terminology Criteria for Adverse Events (CTCAE)
version 4.03. Immunogenicity refers to the incidence of
anti-drug antibodies (ADAs) and neutralizing antibodies
(NAbs). A single, sensitive, specific, semi-quantitative,
immuno-depletion bridging electrochemiluminescence
immunoassay was used to detect ADAs. A single, vali-
dated, competitive ligand-binding immunosorbent assay
was conducted for NAbs analysis. Only those samples
confirmed positive for ADAs were further tested for Nabs.

2.5 Statistical analyses

This study assumed that 42% of patients would achieve
objective response in both the LY01008 and Avastin
groups. Clinical equivalence was confirmed if 90% con-
fidence interval (CI) of the ORR ratio (LY01008/Avastin)
was within the predefined equivalence margin (0.75-1.33),
which was an equivalence threshold based on the China
NMPA’s technical guidelines for the evaluation of beva-
cizumab biosimilar [31]. Considering a possible 10% drop
rate for patients reaching evaluation forORR, a sample size
of 324 in each group was needed to achieve approximately
80% power for testing the expected equivalence margin at
the 0.05 one-sided significance level.
The primary endpoint was analyzed in the FAS popula-

tion. The intent-to-treat (ITT) population was defined in
this study as those who were randomized and received at
least one dose of study drugs. FAS included all randomized
ITT patients who received at least one post-baseline eval-
uation of response. FAS patients who completed at least
4 treatment cycles or completed the treatment before dis-
ease progression, and did not have major protocol devia-
tion were included in per-protocol sets (PPS), which was
also used for the sensitivity analysis of the primary end-
point. The safety set refers to all randomized patients who
received at least one dose of study drugs and had data on
safety evaluation after administration.
The 90% CIs for risk ratio in ORR and DCR were

estimated using a generalized linear model adjusted for
stratification factors. Kaplan-Meier estimates of quar-
tiles and 95% CI are provided for time-to-event end-
points. All statistical analyses were performed using the
SAS Software (version 9.4, SAS Institute Inc., Cary, NC,
USA).

PPS

FAS : at data cutoff for ORR analysis

ITT popula�on = Safety set

Screened
(n = 856)

Screen failure
(n = 207)

Randomized
(n = 649)

Allocated to LY01008 group
(n = 324)

With no ORR analysis
(n = 29)

Allocated to Avas�n group
(n = 325)

Received treatment with
LY01008, paclitaxel and carbopla�n

(n = 323)

Received treatment with
Avas�n, paclitaxel and carbopla�n

(n = 325)

Did not receive treatment
(n = 1)

With no ORR analysis
(n = 30) 

Received response evalua�on a�er
LY01008-containing treatment for efficacy data

(n = 293)

Received response evalua�on a�er
Avas�n-containing treatment for efficacy data

(n = 296)

Completed 4 ~ 6 cycles of LY01008
combined treatment according to the protocol 

response evalua�on a�er
LY01008-containing treatment for efficacy data

(n = 247)

Entered phase of maintenance monotherapy
(n = 200)

Completed 4 ~ 6 cycles of Avas�n
combined treatment according to the protocol 

response evalua�on a�er
LY01008-containing treatment for efficacy data

(n = 251)

43 completed < 4 cycles;
3 major protocol devia�on

(n = 46)

41 completed < 4 cycles;
4 major protocol devia�on

(n = 45)

Entered phase of maintenance monotherapy
(n = 188)

F IGURE 1 Flowchart of participants’ disposition.
Abbreviations: ITT, intention-to-treat; ORR, objective response rate;
FAS, full analysis set; PPS, per-protocol set

3 RESULTS

3.1 Patient baseline characteristics

Between December 25th, 2017, andMay 15th, 2019, a total of
649 patients were randomized to the LY01008 group (n =
324) or the Avastin group (n = 325) (Supplementary Table
S1). The data cut-off date for the analysis of the primary
endpoint was September 25th, 2019, which was the date the
last enrolled evaluable patient received the response evalu-
ation after 18weeks of the firstmedication. The cut-off date
for secondary endpoints wasMay 15th, 2020, whichwas the
date for the end of the study, defined as 12 months after the
last patient randomized to group per protocol.
Among the 649 patients, 648 (n = 323 in the LY01008

group and n = 325 in the Avastin group) were included in
the ITT population and 589 (n = 293 in the LY01008 group
and n = 296 in the Avastin group) in the FAS who had
experienced at least one response evaluation. All 648 ITT
patients were included in the safety set (Figure 1). Patient
baseline characteristics in FASwere comparable in the two
treatment groups (Table 1).
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TABLE 1 Patient baseline characteristics in full analysis set (N = 589)

Characteristic
Total
(N = 589)

LY01008 group
(n = 293)

Avastin group
(n = 296)

Age (years) (median) 58 58 59
< 65 years (n, %) 433 (73.5) 212 (72.4) 221 (74.7)
≥ 65 years (n, %) 156 (26.5) 81 (27.6) 75 (25.3)

Gender (n, %)
Male 352 (59.8) 177 (60.4) 175 (59.1)
Female 237 (40.2) 116 (39.6) 121 (40.9)

Nationality (n, %)
Han 573 (97.3) 286 (97.6) 287 (97.0)
Others 16 (2.7) 7 (2.4) 9 (3.0)

Weight (kg) (mean±SD) 61.1±9.6 61.1±9.8 61.1±9.5
BMI (kg/m2) (median) 22.8 22.9 22.6
BSA (m2) (median) 1.63 1.64 1.62
ECOG PS (n, %)
0 209 (35.5) 94 (32.1) 115 (38.9)
1 380 (64.5) 199 (67.9) 181 (61.1)

Histology (n, %)
Adenocarcinoma 573 (97.3) 285 (97.3) 288 (97.3)
Large cell carcinoma 4 (0.7) 2 (0.7) 2 (0.7)
Mixed adenocarcinoma 3 (0.5) 1 (0.3) 2 (0.7)
Others 9 (1.5) 5 (1.7) 4 (1.4)

EGFRmutation status (n, %)
Wild type 343 (58.2) 170 (58.0) 173 (58.4)
Mutated 246 (41.8) 123 (42.0) 123 (41.6)

Smoking status (n, %)
No 314 (53.3) 153 (52.2) 161(54.4)
Yes 275 (46.7) 140 (47.8) 135 (45.6)

Stage (n, %)
IIIB 1 (0.2) 1 (0.3) 0 (0)
IV 588 (99.8) 292 (99.7) 296 (100)

Brain metastasis (n, %) 142 (24.1) 69 (23.5) 73 (24.7)
Time since initial diagnosis to randomization (month) (median) 0.5 0.5 0.5

Abbreviations: SD, standard deviation; BMI, body mass index; BSA, body surface area; ECOG, Eastern Cooperative Oncology Group; PS, performance status;
EGFR, epidermal growth factor receptor.

3.2 Treatment exposure

Up to primary analysis, the extent of exposure was similar
between the LY01008 group and the Avastin group in FAS.
Themedian number of exposure cycleswas 5 each, range 1-
6 in both groups. All participants completed at least 1 cycle
of combined treatment. Most of them received at least 4
cycles (n = 250 [85.3%] in the LY01008 group vs. n = 255
[86.1%] in the Avastin group; no excluding those with pro-
tocol deviation, Figure 1) and some received 6 cycles (n =
128 [43.7%] in the LY01008 group vs. n = 130 [43.9%] in the
Avastin group) of treatment. The treatment exposure in the
two groups was comparable.

3.3 Primary endpoint

As of the primary endpoint cut-off date on September 25th,
2019, a total of 142 (48.5%) and 157 (53.0%) in the LY01008
and Avastin groups achieved an objective response (all
PR), respectively. The stratified ORR ratio (LY01008 to
Avastin) was 0.91, with a 90% CI of 0.80 to 1.04, and was
within the prespecified equivalence margin of 0.75 to
1.33 (Table 2). Consistent results were observed in ORR
sensitivity analyses, including PPS or ITT-based stratified
and unstratified ORR by IRRC and by investigators in
FAS, PPS, and ITT population. These results demonstrated
the similarity of efficacy between the LY01008 group and
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TABLE 2 Primary and secondary analyses for efficacy in full analysis set (N = 589)

LY01008 group
(n [%])

Avastin group
(n [%])

ORR risk Ratio
(90% CI)

Total 293 296
The primary analyses*
Complete response 0 0
Partial response 142 (48.5) 157 (53.0)
Stable disease 143 (48.8) 129 (43.6)
Disease progression 8 (2.7) 10 (3.4)
Objective response rate 142 (48.5) 157 (53.0) 0.91 (0.80, 1.04)
Disease control rate 285 (97.3) 286 (96.6) 1.00 (0.98, 1.02)

The secondary analyses†

Complete response 0 0
Partial response 164 (56.0) 174 (58.8)
Stable disease 116 (39.6) 103 (34.8)
Disease progression 13 (4.4) 18 (6.1)
Not evaluable 0 1 (0.3)
Objective response rate 164 (56.0) 174 (58.8) 0.95 (0.85, 1.07)
Disease control rate 280 (95.6) 277 (93.6) 1.03 (0.99, 1.06)

*The data cutoff date was September 25th, 2019, which was the date that the last enrolled evaluable patient completed the response evaluation after 18 weeks of
the first medication. Response was evaluated by independent radiological review committees.
†The data cutoff date was May 15th, 2020, which was the date for the end of the study, defined as 12 months after the last patient randomized to group per protocol.
Response was evaluated by investigators.

the Avastin group. DCRs from primary analyses were also
similar in the two treatment groups.
ORR ratioswerewithin the predefined equivalencemar-

gins in most subgroups, including patients aged<65 years,
male patients, patients with adenocarcinoma, patients
with different EGFR mutation status (mutated or wild
type), smoking status (yes or no), number of metastases
(<3 or ≥3) and brain metastasis status (present or absent)
(Figure 2).

3.4 Secondary efficacy endpoints

Up to May 15th, 2020, renewed efficacy results were
reviewed by the investigators (Table 2), and observed that
the ORR was 56.0% in the LY01008 group and 58.8% in the
Avastin group in the FAS. ORR ratio was 0.95 (90% CI =
0.85-1.07). DCR was 95.6% in the LY01008 group and 93.6%
in the Avastin group. DCR risk ratio was 1.03 (90% CI =
0.99-1.06). These data thus confirmed the clinical equiva-
lence between the two treatment groups.
In the FAS, the median follow-up time was 13.6 (range

0.8-28.4) months, and 338 patients achieved PR while 416
patients developed disease progression. The median DoR
was 5.62 (95% CI = 4.96-6.87) and 5.72 (95% CI = 4.86-
7.06) months for the LY01008 group and the Avastin group
(P = 0.508), respectively. The median PFS was 7.16 (95%
CI = 6.87-8.28) and 7.10 (95% CI = 6.74-8.21) months for

the LY01008 group and the Avastin group, respectively
(P = 0.812). The Kaplan-Meier curves of DoR and PFS are
shown in Figure 3A and Figure 3B.
As of May 15th, 2020, 79 and 91 patients of the FAS in

the LY01008 group (27.0%) and the Avastin group (30.7%)
died, respectively. The median OS was 24.38 (95% CI =
23.85-not reached) months and 22.97 (95% CI = 20.37-
not reached) months for the LY01008 group and the
Avastin group, respectively (P = 0.479). The 1-year OS rate
was 79.4% (95% CI = 74.6%-84.5%) in the LY01008 group
and 78.1% (95% CI = 73.2%-83.4%) in the Avastin group
(Figure 3C).

3.5 Subgroup analysis

ORR of patients in the EGFR mutated subgroup (61.4%)
was numerically higher than those in the wild-type
subgroup (54.5%) in FAS, without statistical significance
(P = 0.235). ORR ratio for the LY01008 group to the
Avastin group was 1.04 (90% CI = 0.88-1.22) and 0.88 (90%
CI = 0.75-1.03) in the EGFR mutated subgroup and the
wild-type subgroup, respectively. The 90% CI of the ORR
ratio was within the predefined equivalence margin of
0.75 to 1.33. DoR and PFS between patients with different
EGFR mutation status were similar in either the LY01008
group or the Avastin group (Supplementary Figure S1).
Kaplan-Meier curves of OS showed that patients with
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F IGURE 2 Forest plot for subgroup analysis of objective response rate in the full analysis set. Abbreviations: CI: confidence interval;
ECOG: Eastern Cooperative Oncology Group; PS: performance status; EGFR, epidermal growth factor receptor

F IGURE 3 Kaplan-Meier curves of the LY01008 group and the Avastin group in the full analysis set. A: Percentage rate of patients with
a duration of response; B: Progression-free survival; C: Overall survival. Abbreviations: CI, confidence interval; mDoR, median duration of
response; mPFS, median progression-free survival; mOS, median overall survival; NR, not reached
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EGFR mutation had a better survival trend than those
with EGFR wild-type. The estimated 1-year OS rates of
patients with EGFR mutation in the LY01008 group and
the Avastin group were 85.3% (95% CI = 78.9%- 92.3%)
and 85.4% (95% CI = 79.0%-92.3%), respectively, while the
estimated 1-year OS rates for patients with EGFRwild-type
in the LY01008 group and the Avastin group were 75.0%
(95% CI = 68.3%-82.4%) and 72.8% (95% CI = 65.9%-80.4%),
respectively (Supplementary Figure S1).
There were 142 (24.1%) patients in FAS with baseline

brain metastases (69/293 [23.5%] patients in the LY01008
group and 73/296 [24.7%] patients in the Avastin group).
Among these patients, 39 (56.5%) in the LY01008 group
and 40 (54.8%) in the Avastin group achieved PR evaluated
by investigators. ORR ratios of the two groups were
similar in patients with different baseline brain metastasis
status (1.00 [90% CI = 0.79-1.28] for the brain metastasis
subgroup and 0.94 [90% CI = 0.82-1.07] for the no brain
metastasis subgroup, of which the 90% CI both within the
equivalence margins) (Figure 2). Median DoR was shorter
in the brain metastasis subgroup (4.34 months) compared
with no brain metastasis subgroup (6.28 months) in FAS
(P = 0.010). Median PFS was shorter in the brain metas-
tasis subgroup (6.83 months) compared with the no brain
metastasis subgroup (7.62 months) in FAS (P = 0.006). A
comparison of PFS stratified by treatment group and brain
metastasis status is shown in Supplementary Figure S2.
The 1-year OS rates in patients with brain metastasis in
the LY01008 group and the Avastin group were 70.1%
(95% CI = 59.3%-82.8%) and 73.7% (95% CI = 63.5%-85.7%),
respectively, and for those without brain metastasis was
82.2% (95% CI = 77.0%-87.8%) in the LY01008 group
and 79.5% (95% CI = 74.0%-85.4%) in the Avastin group
(Supplementary Figure S2).
In the 142 patients with baseline brain metasta-

sis, all were non-target lesions. The median number
of intracranial lesions was 1 (range 1-6). Twenty-two
(15.5%) patients achieved intracranial CR, with 11 patients
in each group. Of these patients, 21 (95.5%) had no
intracranial radiotherapy history, 10 (14.3%) with EGFR
mutation, and 12 (16.7%) with EGFR wild-type. Forty-
three (30.3%) patients had intracranial PD. Among the
142 patients, 65 (45.8%) experienced enough intracranial
follow-up, and the median intracranial PFS for these 65
patients was 7.00 (range 1.20-27.40, 95% CI = 5.70-9.70)
months.

3.6 Safety

Safety analysis was conducted on the first analysis cut-
off date of September 25th, 2019. The incidence of TEAEs
was 99.1% and 98.5% in the LY01008 and Avastin groups,

respectively (Table 3). Most TEAEs were grade 1-2. In
general, 78.3% of patients in the LY01008 group and
82.5% of the Avastin group experienced any TEAE grade
≥3. LY01008-related and Avastin-related TEAEs were
73.7% and 76.6%, respectively. Grade ≥3 LY01008-related
and Avastin-related TEAEs were 37.8% and 41.8%, with
70.9% grade ≥3 chemotherapy drug-related TEAEs in the
LY01008 group and 77.2% in the Avastin group.
The most common (rate ≥10%) drug-related TEAEs

were similar in the LY01008 group and the Avastin group,
including leukopenia (24.5%), neutropenia (22.3%), anemia
(19.5%), thrombocytopenia (18.0%), proteinuria (15.2%),
bone marrow failure (13.9%), alopecia (12.4%) and nausea
(10.8%) for all patients in safety set (data not shown). A
total of 126 (39.0%) and 125 (38.5%) patients in the LY01008
group and the Avastin group, respectively, experienced
SAEs (Table 3). Among all the SAEs, chemotherapy-related
events accounted for a large proportion of AEs (83.6% in
the LY01008 group and 85.8% in the Avastin group) while
study drug-related events made up of 16.4% and 14.2% in
the LY01008 group and the Avastin group, respectively.
Most study drug-related SAEs were rare with an incidence
rate less than 1.0%, with only the incidence rate of bone
marrow failure and thrombocytopenia over 1.0%. A com-
parison of AESI grade ≥3 in the two groups is presented in
Table 3.
ADA and NAb were detected for the study drugs. Of

648 patients in the safety set, 13 (2.0%) were positive
for ADA before the first cycle of treatment (7 [2.2%] in
the LY01008 group vs. 6 [1.8%] in the Avastin group).
Six (0.9%) patients (three in each group) showed at least
once ADA-positivity during the study of combined treat-
ment, which were all transient. One patient showed tran-
sient post-treatment ADA-positivity. By September 25th,
2019, all ADA-positive cases had changed to negative. No
NAb-positive cases were found. There were no clinically
meaningful differences in immunogenicity across treat-
ment groups. Given the low rate of ADA-positive data, no
obvious effect of immunogenicity on pharmacokinetic and
safety was observed.

4 DISCUSSION

This phase III study compared the bevacizumab biosim-
ilar, LY01008, with Avastin in efficacy, safety, and
immunogenicity. The results showed that this study met
the primary endpoint and verified the bioequivalence of
the two treatment groups. To the best of our knowledge,
this study enrolled the largest number of patients compar-
ing bevacizumab biosimilar with Avastin in the first-line
treatment of Chinese patients with advanced-stage
non-squamous NSCLC.



SHI et al. 899

TABLE 3 Summary of adverse events in the safety set (N = 648)

TEAE category
LY01008 group
(n = 323) (n [%])

Avastin group
(n = 325) (n [%])

Any TEAE 320 (99.1) 320 (98.5)
SAE 126 (39.0) 125 (38.5)
AESI 145 (44.9) 156 (48.0)
Grade ≥3 TEAE 253 (78.3) 268 (82.5)
Study drug-related TEAE 238 (73.7) 249 (76.6)
Study drug-related TEAE, grade ≥3 122 (37.8) 136 (41.8)
Chemotherapy drug-related TEAE, grade ≥3 229 (70.9) 251 (77.2)
Study drug-related SAE 53 (16.4) 46 (14.2)
TEAE leading to transient discontinuation 125 (38.7) 121 (37.2)
TEAE leading to permanent discontinuation 45 (13.9) 46 (14.2)
TEAE leading to death 15 (4.6) 13 (4.0)
Grade ≥3 TEAE*
Neutropenia 138 (42.7) 132 (40.6)
Leukopenia 84 (26.0) 76 (23.4)
Bone marrow failure 70 (21.7) 89 (27.4)
Anemia 50 (15.5) 48 (14.8)
Thrombocytopenia 47 (14.6) 41 (12.6)

Grade ≥3 study drug-related TEAE*
Neutropenia 51 (15.8) 52 (16.0)
Bone marrow failure 26 (8.0) 35 (10.8)

Incidence ≥1.0% study drug-related SAE
Bone marrow failure 15 (4.6) 18 (5.5)
Thrombocytopenia 7 (2.2) 5 (1.5)

Grade ≥3 AESI
Proteinuria 2 (0.6) 2 (0.6)
Hemorrhage 4 (1.2) 5 (1.5)
Hypertension 19 (5.9) 25 (7.7)
Cardiotoxicity 3 (0.9) 1 (0.3)
Thromboembolic events 8 (2.5) 7 (2.2)
Posterior reversible encephalopathy syndrome 0 (0) 0 (0)
Gastrointestinal perforations and fistulae 1 (0.3) 0 (0)
Surgery and wound healing complications 0 (0) 1 (0.3)

Abbreviations: TEAE, treatment-emergent adverse event; SAE, serious adverse events; AESI, adverse events of special interest.
*Only adverse events of which incidence over 10% was reported.
Note: study drugs referred to LY01008 or Avastin.

The results showed that the ORR of the LY01008
group was 48.5% and the Avastin group was 53.0%. The
stratified ORR ratio was 0.91 (90% CI = 0.80-1.04), within
the prespecified equivalence margin (0.75-1.33), which
indicated that LY01008 was similar in clinical efficacy to
Avastin, achieving the primary endpoint of this study. In
subgroup analysis, subgroups including age ≥65 years,
female, ECOG PS 0, and other types of histology, except
adenocarcinoma, were not in the equivalence margins.
The reason for this result might be the small number of
patients in these subgroups, which could lead to the large

variability of their ORR ratios. The equivalence of LY01008
and Avastin was supported by other ORR sensitivity analy-
ses based on the ITT population, investigator’s evaluation,
unstratified factors, as well as ORR analysis of multiple
stratified subgroups, and ORR analysis of updated data
during follow-up time spanning across the maintenance
therapy phase. An analysis of secondary endpoints sug-
gested that there was no statistically significant difference
between the LY01008 group and the Avastin group in DCR
(95.6% vs 93.6%, risk ratio = 1.03, 90% CI = 0.99-1.06),
median DoR (5.62 vs. 5.72 months, P = 0.508), and median
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PFS (7.16 vs. 7.10 months, P = 0.812). Median OS (24.38
vs. 22.97 months, P = 0.479) and 1-year OS rate (79.4% vs.
78.1%) were also similar, both of which support the equiv-
alence of the two treatment groups. The safety analysis
of LY01008 and Avastin indicated that the safety profile
was similar in the two treatment groups. Immunogenicity
was also similar in the two treatment groups. Through the
comparison results of these clinical features, the bioequiv-
alence of LY01008 and Avastin could be confirmed.
Since it was first approved by FDA in 2004, bevacizumab

(Avastin) has been marketed in more than 100 countries
and regions for the treatment of more than ten types
of cancer, including NSCLC [19, 32]. In China, Avastin
has been approved for the first-line treatment of unre-
sectable, metastatic, or recurrent non-squamous NSCLC
in combination with platinum-based chemotherapy. The
BEYOND study demonstrated that bevacizumab (Avastin)
combined with carboplatin/paclitaxel was superior to car-
boplatin/paclitaxel alone in the first-line treatment among
Chinese non-squamous NSCLC patients [16]. With the
advent of the era of immunotherapy for lung cancer, the
IMpower150 study has confirmed that the addition of beva-
cizumab (Avastin) to atezolizumab plus carboplatin plus
paclitaxel could play amore synergistic role [21]. Although
the use of bevacizumab can improve the efficacy of can-
cer treatment, the high price may prevent it from clinical
application, failing to translate into the benefits of more
patients. Therefore, bevacizumab biosimilars could con-
tribute to reduce the costs of treatment and increase drug
availability.
Although there are similar designs and same reference

data for the equivalence clinical trials of bevacizumab
biosimilars, the results obtained are often different due
to the differences in the year of the clinical trial, selected
patient population, inclusion and exclusion criteria. Nev-
ertheless, these studies suggest that in patients with non-
squamous NSCLC, ORR of the first-line treatment of
Avastin or its biosimilars in combination with chemother-
apy was approximately 44%-56%. In these studies, Chi-
nese patients tended to have a higher ORR. ORRs of the
Avastin group among Chinese patients were 54% in the
BEYOND study [16], 56.02% in QL1101 equivalence study
[33], 46.4% in IBI305 equivalence study [34], and 53.0% in
our study, while ORRs were lower in the studies of pre-
dominantly Caucasian patients, including 35% in ECOG
4599 study [14], 41.7% in ABP215 study [35] and 44.6%
in PF06439535 study [36]. Safety assessment presented a
consistent feature with ORR. The Chinese patients had a
higher incidence of grade ≥3 AE in combined treatment
than predominantly Caucasian patients (78.3%-89.8% in
our study and IBI305 study vs. 38.8%-48.1% in PF06439535
study andABP215 study). Incidence of SAEwas also higher
in Chinese patients (37.6% in the IBI305 study and 39.0%

in our study for the Avastin group; 33.5% in the IBI305
study and 38.5% in our study for the bevacizumab biosimi-
lar group) than predominantly Caucasian patients (22.3%
in PF06439535 study and 23.0% in ABP215 study for the
Avastin group; 22.8% in PF06439535 study and 26.2% in
ABP215 study for the bevacizumab biosimilar group). The
incidence of grade ≥3 AESI hypertension resulting from
Avastin in Chinese patients (7.7% for the Avastin group
and 5.7% for the bevacizumab biosimilar group in our
study) was similar to that in Caucasian patients (8.9% in
PF06439535 study and 5.5% inABP215 study for the Avastin
group; 9.6% in PF06439535 study and 6.8% in ABP215 study
for the bevacizumab biosimilar group).
Baseline EGFR mutation status was an important fac-

tor influencing the survival outcomes of patients. Several
studies used EGFRmutation as an exclusion criterion [34,
36]. As some Chinese patients are unwilling to wait for the
results of EGFR gene test before making first-line treat-
ment decisions and some unwilling to receive EGFR-TKI
treatment for various reasons, our study did not measure
EGFR mutation status as the mandatory exclusion crite-
ria. Of the enrolled patients in our study, 41.8% had EGFR
mutation. The results showed that there was no significant
difference in ORR, DoR, and PFS between EGFRmutated
andwild-type patients in each group. Kaplan-Meier curves
of OS showed that patients with EGFRmutation had a bet-
ter survival trend than thosewithEGFRwild-type. The bet-
ter survival prognosis of EGFR mutated patients could be
related to the subsequent EGFR-TKI therapy.
Concomitant intracranial metastasis status was an

important factor for survival outcome. Some earlier stud-
ies considered intracranial metastasis as an exclusion
criterion or only permitted patients with intracranially
treated and stable brain metastases to be included to avoid
the uncertain risk of cerebral hemorrhage that could be
caused by bevacizumab [14, 16, 35, 36]. For the base-
line brain metastasis status, our study included patients
with untreated asymptomatic brain metastases accord-
ing to the current consensus [37]. Therefore, 142 (24.1%)
patients with baseline brain metastases were enrolled.
Among the 142 patients, ORR and CR rates were sim-
ilar in the LY01008 group and the Avastin group. The
DoR of patients without brain metastases was longer than
that of patients with brain metastases. The results con-
firmed the aforementioned consensus on the efficacy and
safety of bevacizumab in brain metastasis [37]. A recent
exploratory analysis of brain metastases in IMpower150
suggested that the treatment groups of regimen containing
bevacizumab had a lower incidence of new brain metas-
tases than the treatment group without bevacizumab,
indicating that bevacizumab contributed to delaying
the brain metastasis progression [38]. The IMpower150
study further provided more evidence for the use of
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bevacizumab in non-squamousNSCLCpatientswith brain
metastases.

5 CONCLUSIONS

This study demonstrated the similarity between LY01008
and Avastin in terms of efficacy, safety, and immuno-
genicity in combination with paclitaxel/carboplatin as
first-line treatment in Chinese patients with advanced
non-squamous NSCLC. LY01008 combined with pacli-
taxel/carboplatin can be considered as a new treatment
option for unresectable, metastatic, or recurrent non-
squamous NSCLC patients in the first-line setting.
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