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Abstract: Background: Crizotinib is a tyrosine kinase inhibitor (TKI) effective in ALK/ROS-1/c-MET positive non-small
cell lung cancer (NSCLC) patients. Bevacizumab is an antiangiogenic monoclonal antibody, and improves clinical
benefit of NSCLC in combination with EGFR-TKIs or chemotherapy. However, the efficacy and safety of crizotinib plus
bevacizumab in treating naive ALK/ROS-1/c-MET positive NSCLC patients have not been studied. Methods: In this
open-label, single-arm, prospective observational study, locally advanced or metastatic ALK rearrangement/R0OS-1
fusion/c-MET amplification NSCLC patients were treated with crizotinib (250 mg orally twice daily) and bevacizumab
(7.5 mg/kg intravenous every three weeks) until disease progression or intolerant toxicity or death. Primary end
point was progressive free survival (PFS), secondary end points were duration of response (DOR), overall response
rate (ORR), disease control rate (DCR) and safety. Patients receiving >1 cycle of treatment were evaluated. Findings:
Fourteen patients were eligible for analyzing between June 2016 and October 2017. There were 12 patients with
ALK rearrangement, 1 patient with ROS-1 fusion, and 1 patient with c-MET amplification. The median follow-up time
was 42.8 months. The median PFS and DOR of the patients with ALK rearrangement were 13.9 and 14.8 months
respectively. Of the 12 patients, 7 gained partial response, 5 gained stable disease. The ORR and DCR were 58.3%
and 100%. The PFS were 12.9 months and 1.9 months for patient with ROS-1 fusion or c-MET amplification. The
most two common treatment-related adverse events were fatigue (28.6%) and rash (21.4%). 3 patients discontin-
ued therapy because of liver damage or hemoptysis. Interpretation: This study demonstrated that crizotinib plus
bevacizumab showed benefit in treating naive ALK rearrangement NSCLC patients, and the toxicity was relatively
tolerant. Our results suggested that crizotinib plus bevacizumab might be a promising treatment strategy in ALK/
ROS-1/c-MET positive NSCLC patients.
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Introduction fusion varies from 0.9% to 3.7% [5], and ampli-
fication of c-MET accounts for approximately
2.8% of NSCLC [6]. Crizotinib is a multitargeted

tyrosine kinase inhibitor (TKI) against ALK

Lung cancer, of which approximately 85% are
non-small cell lung cancer (NSCLC), is the most

frequently diagnosed tumor and the leading
cause of cancer-related mortality [1]. 50%-60%
of NSCLC patients were estimated to have at
least one identifiable driver mutations, includ-
ing KRAS, EGFR, ALK, ROS-1, BRAF, c-MET, and
several additional mutations [2]. Rearrange-
ment of ALK is present at 3%-7% of NSCLC
patients [3, 4], while prevalence of RO0S-1

rearrangement, ROS-1 fusion, and c-MET ampli-
fication, and substantially improves outcome of
NSCLC patients with those mutations.

In study PROFILE 1014, median progressive
free survival (PFS) and duration of response
(DOR) were 10.9 months and 11.3 months in
advanced ALK rearrangement non-squamous
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NSCLC patients receiving crizotinib as first-line
treatment [7]. The study PROFILE 1001 report-
ed remarkable antitumor activity of crizotinib in
NSCLC patients harboring ROS-1 fusion with
19.2 months PFS and 17.6 months DOR [8].
Moreover, D. Ross Camidge et al. reported that
untreated NSCLC patients with ¢c-MET amplifi-
cation could also benefit from crizotinib on
ASCO 2014; Median DOR was 8.6 months in 12
patients evaluable for response [9]. Collectively,
these findings supported that crizotinib had
antitumor activity in NSCLC patients with ALK
rearrangement/R0OS-1 fusion/c-MET amplifica-
tion. However, most responders treated with
crizotinib acquired resistance within 1 year, and
developed metastases in brain or liver [10, 11].
Thus, novel strategies are encouraged to
improve treatment status.

Angiogenesis is reported to participate in the
growth and development of tumor. Therefore,
anti-angiogenesis therapy plays a particularly
important role in controlling tumor growth.
Vascular endothelial growth factor (VEGF) is the
principal regulator of angiogenesis and stimu-
lates proangiogenic signaling pathways by bind-
ing to its receptor VEGFR2 [12, 13]. Beva-
cizumab is a recombinant humanized monoclo-
nal antibody targeting VEGF, and improves PFS,
overall response rate (ORR) of NSCLC patients
in combination with chemotherapy or targeted
therapy. The pivotal study E4599 demonstrat-
ed a two-month improvement in overall survival
(0S) in recurrent or advanced non-squamous
NSCLC patients without brain metastases or
clinically significant hemoptysis treated with
bevacizumab [14]. The study NEJO26 reported
the median PFS of patients in the erlotinib plus
bevacizumab arm was 16.9 months comparing
with 13.3 months in the erlotinib alone arm
[15]. On ASCO 2019, Helena A Yu et al. report-
ed that the ORR was 80% and median PFS was
19 months in 49 NSCLC patients receiving
osimertinib plus bevacizumab [16]. A retrospec-
tive study including 208 NSCLC patients with
EGFR-mutant and brain metastases identified
that EGFR-TKIs plus bevacizumab prolonged
PFS and OS compared with EGFR-TKIs alone
[17]. However, the efficacy of crizotinib plus
bevacizumab has not been studied to date.
Thus, we conducted this study to explore the
efficacy and safety of crizotinib plus bevacizum-
ab in treatment naive ALK/R0OS-1/c-MET posi-
tive NSCLC patients.
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Methods
Study design and participants

This open-label, single arm, prospective obser-
vational study enrolled NSCLC patients with
ALK rearrangement or ROS-1 fusion or c-MET
amplification with the aim to explore the effica-
cy and the safety of crizotinib plus bevacizum-
ab. The study was approved by Medical Ethics
Committee of PLA General Hospital (No.
S52016-046-01). All procedures involving hu-
man participants were in accordance with the
ethical standards of the national research com-
mittee and the 1964 Helsinki declaration and
its later amendments or comparable ethical
standards.

Inclusion criteria were as follows: 1) eligible
patients treated in General Hospital of Chinese
PLA were histologically or cytologically con-
firmed locally advanced or metastatic non-
squamous NSCLC with ALK rearrangement or
ROS-1 fusion or c-MET amplification. The gene
status was determined by IHC, FISH, or NGS; 2)
patients should be >18 years old; 3) patients
received no previous systemic treatment; 4)
Eastern Cooperative Oncology Group perfor-
mance status (ECOG PS) was 0-2 (on a scale of
0-5); 5) patients were expected to survive for
12 weeks or longer; 6) patients were required
to have at least one measurable lesion at base-
line according to the Response Evaluation
Criteria in Solid Tumors 1.1 (RECIST 1.1); 7)
patients had adequate organ function and lab-
oratory results in one week before enroliment;
8) patients with untreated or locally treated
brain metastases (such as radiotherapy) were
eligible on the condition that the metastases
were neurologically stable for at least 2 weeks
before enroliment; 9) patients should provide
written informed consent before enroliment.

Exclusion criteria were as follows: 1) patients
had received previous chemotherapy, targeted
therapy, immunotherapy, biologic therapy or
other investigational agent prior to this study;
2) patients had history of other tumors; 3)
patients had unresolved nausea, vomiting or
diarrhea, interstitial lung disease, liver disease,
active bleeding, neurologically unstable central
nervous systemic (CNS) disease, and other dis-
eases unproper for this study assessed by
researchers.
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Table 1. Clinical characteristics of the whole
patients and mPFS of ALK positive patients

Characteristics N (n=14) mPFS (n=12)
Age-years
Median 475
Range 27-65
<60 11* 14.7
>60 3# 13.2
Sex
Female 8* 15.2
Male 6" 12.6
Smoking
Yes 4 12.9
No 10# 15.0
ECOG
1 12*# 14.7
2 2 7.0
Stage of disease
Locally advanced 3 15.3
Metastatic 11°# 13.2
Pleural effusion
Yes 6 15.2
No 8"# 12.6
Brain metastases
Yes 3 13.2
No 11%# 15.2
Gene status
ALK (+) 12 13.9
ROS-1 (+) 1* 12.9
C-MET (+) 1* 1.9

mPFS: median PFS; “indicated the ¢c-MET (+) patient;
*indicated the ROS-1 (+) patient.

Treatment

Enrolled patients were treated with crizotinib
(250 mg orally twice daily) and bevacizumab
(7.5 mg/kg intravenous every three weeks) in
continuous 21-day treatment cycles. Treatment
continued until disease progression or intoler-
ant toxicity or death or withdraw of consent.
The dosage of crizotinib was identical with that
of the single drug therapy approved by American
Food and Drug Administration. The dosage of
bevacizumab was set as 7.5 mg/kg according
to previous study, in which bevacizumab was in
combination with chemotherapy [18].

Outcomes and assessments

Patients receiving >1 cycle of treatment we-
re evaluated. Tumor assessments were per-
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formed at baseline (within 28 days before
enrollment) and every 6 weeks during treat-
ment. Computed tomography or magnetic reso-
nance imaging was independently assessed by
two physicians. Safety evaluations were per-
formed at baseline and every 3 weeks. Clinical
responses were assessed by two doctors inde-
pendently and categorized as either complete
response (CR), partial response (PR), stable
disease (SD), or progressive disease (PD)
according to RECIST v1.1. PFS was defined as
the time from the start of treatment to the date
of disease progression or death of any cause.
DOR was defined as the time from first docu-
mented PR or CR to the date of first disease
progression or death from any cause. ORR was
defined as the proportion of patients with CR or
PR. DCR was defined as the proportion of
patients with CR or PR or SD. Adverse events
were classified and graded according to
Common Terminology Criteria for Adverse
Events version 4.03. Primary end point was
PFS, secondary end points were DOR, ORR,
DCR and safety.

Statistical analysis

Continuous variables were described as medi-
an and 95% confidential interval (Cl) or range.
Categorical data variables of adverse events
were reported as frequencies and percentages.
Fisher’s exact test and Wilcoxon rank-sum test
were used to compare continuous and categori-
cal variables between two groups, respectively.
The Kaplan-Meier method was used to esti-
mate the probability of PFS, DOR and OS.
PRISM version 7.0 (GraphPad Software, La
Jolla, CA, USA) and SPSS version 20.0 (IBM
Corp., Armonk, NY, USA) were used for all statis-
tical analysis. P<0.05 (two-sided) was defined
as statistical significance.

Results
Clinical characteristics

A total of 16 patients were enrolled between
June 2016 and October 2017, while two
patients strongly requested to quit the study
and withdrew the consent in 2018. Detailed
clinical characteristics of the 14 patients were
showed in Table 1. 12 patients harbored ALK
rearrangement, 1 patient harbored ROS-1
fusion, and 1 patient harbored ¢c-MET amplifi-
cation (Figure 1). Of the 14 patients, 8 (57.1%)
were female and 6 (42.9%) were male. The
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Figure 2. The median PFS of 12 ALK positive patients
was 13.9 months.
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Figure 3. The median DOR of 12 ALK positive pa-
tients was 14.8 months.

median age was 47.5 (Range: 27-65) years old.
4 (28.6%) patients had a history of smoking
and 10 (71.4%) patients were non-smokers. 3
(21.4%) patients were staged as locally
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Figure 1. A. The typical IHC image of
the ALK (Ventana) (+) patient; B. The
IHC image of the c-MET (+++); C. The
FISH image of the ROS-1 (+).

advanced and 11 (78.6%)
were metastatic disease. As
for ECOG PS, 12 (85.7%)
patients scored 1, 2 (14.3%)
scored 2. 1 patient had symp-
tomatic brain metastases
and received radiotherapy, 2
patients had asymptomatic
brain metastases. 6 (42.9%)
patients had pleural effusion
at baseline.

Efficacy of crizotinib plus
bevacizumab treatment

The median follow-up time was 42.8 months
(range: 8.0-44.8 months). Of the 12 patients
with ALK rearrangement, the median PFS were
13.9 months (Figure 2) and median DOR was
14.8 months (Figure 3). Median OS was not
reached, the 3-year-survival rate was 79.5%
(Figure 4). The PFS and OS of the patient with
c-MET amplification were 1.9 months and 23.9
months. The PFS, DOR and OS of patient with
ROS-1 fusion were 12.9 months, 10.6 months
and 27.1 months, respectively.

The best percentage changes of target lesions
were showed in Figure 5. Tumors of all 14
patients retracted to some extent. 6 patients
were evaluated as SD with the tumor retraction
<30%, 6 patients obtained a retraction ratio
>50%. Of the 12 patients with ALK rearrange-
ment, 7 gained PR, and 5 gained SD. The ORR
and DCR were 58.3% and 100% respectively
(Table 2). The patient with c-MET amplification
gained SD, while the patient with ROS-1 fusion
gained PR.

To explore the efficacy of crizotinib combined
with bevacizumab on patients with brain metas-
tases, causes of disease progression were
evaluated. Of the 12 ALK positive patients, 6
(50.0%) developed PD in brain, 2 (16.7%) in
lung and 1 (8.3%) in axillary lymph nodes. The
median time of PD in brain metastases were
12.9 months (range: 7.0-15.2 months). 3
patients with brain metastases at baseline
developed new lesions in brain during treat-
ment. Of the 9 patients without brain metasta-
ses at baseline, 3 (33.3%) developed brain
metastases. The patient with ROS-1 fusion
developed brain metastases and demonstrat-
ed severe symptoms during treatment.
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Figure 4. The OS was not reached. The 1-year-survival rate and 3-year-survial

rate were 90.9% and 79.5%.
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Figure 5. Best percentage change from baseline in tumor volume after treat-
ment. *indicated the c-MET (+) patient and #indicated the ROS-1 (+) patient.

In addition, subgroup analysis was performed
in ALK positive patients. The median PFS of
patients aged <60 years was 14.7 months,
while that of those aged >60 years was 13.2
months. The median PFS was 15.2 months in
female and 12.6 months in male. The median
PFS of never smokers was 15.0 months and
that of smokers was 12.9 months. The median
PFS of locally advanced and metastatic
patients were 15.3 months and 13.2 months.
The median PFS was 15.2 months in patients
with pleural effusion at baseline, and 12.6
months in patients without pleural effusion at
baseline. The median PFS of patients without
brain metastases at baseline were 15.2
months comparing to 13.2 months in patients
with brain metastases at baseline. Due to small
sample size in this study, comparisons of sub-
groups were not conducted.
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were grade 1 or 2. 2 patients
reported grade 3 or 4 am-
inotransferase elevation and
were not managed well by
dosage reduction. There-
fore, treatment discontinua-
tion was required for both
patients. 1 patient reported
grade 1 hemoptysis and
dropped out the study. No
treatment related death was
observed in this study. In-
terstitial lung disease, active
bleeding and hypertension
were not reported in this
study. All treatment-related
adverse events were des-
cribed in Table 3.

Discussion

Crizotinib or bevacizumab
alone has showed clinical ben-
efit in NSCLC patients. How-
ever, efficacy of crizotinib in
combination with bevacizumab is still elusive.
In present study, the median PFS (13.9 vs 10.9
months) and DOR (14.8 vs 11.3 months) of
naive ALK positive NSCLC patients receiving
crizotinib combined with bevacizumab were
longer than those of patients receiving crizo-
tinib alone in PROFILE 1014 study. These
results suggested that the combination thera-
peutic strategy might have better efficacy.
However, the ORR in our study was lower than
that in PROFILE 1014 study. When compared
with a retrospective multicenter cohort study
enrolling 273 ALK positive patients treated with
crizotinib alone as first-line treatment in China,
the median PFS was 13.9 vs 15.5 months, ORR
was 58.3% vs 74.1% and DCR was 100% vs
94.8% [19]. Furthermore, our subgroup analy-
sis showed that patients of age <60, female,
never smoking, locally advanced stage, and
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Table 2. Responses and events in treatment

at the time of diagnosis and disease

Investigator-assessed whole-body responses for all patients (n=14)

progression in NSCLC patients with

Efficacy parameter N (%)
Complete response 0 (0%)
Partial response 7 (58.3%)
Stable disease 5 (41.7%)
Progressive disease 0 (0%)

Reason for trial ending N (%)
Lung PD 2 (14.3%)
Brain PD 7 (50.0%)
Other PD 1(7.1%)
Adverse effect 3(21.4%)
not reached 1 (7.1%)

ALK rearrangement treated with
TKls [21]. Retrospective analysis of
the PROFILE 1005 and 1007 studies
also reported similar results [22].
Previous study suggested that these
might attribute to the insufficient
therapeutic exposure dose of crizo-
tinib [23]. The P-glycoprotein overex-
pression could reduce drug levels in
tumor cells [24]. The blood-brain
barrier contains P-glycoprotein and
other drug efflux transporters pre-

PD: progression disease.

Table 3. Treatment-related adverse events and
grades in patients (n=14)

Adverse Events grade 1-2 grade 34
Nausea 2 0
Vomiting 1 0
Fatigue 4 0
Edema 1 0
Pain 1 0
Hemoptysis 1 0
Rash 3 0
Aminotransferase elevation 0 2

those with pleural effusion or without brain
metastasis at baseline tended to have longer
PFS. Thomas E. Stinchcombe et al. also
revealed that female was associated with bet-
ter PFS and OS, while patients with baseline
ECOG PS of 1 had worse OS [20]. Similar with
PROFILE 1014 study, most adverse events
were grade 1 or 2, and no treatment related
death was reported in our study. Notably, 2
patients discontinued treatment due to grade
3/4 liver damage, a common adverse event in
patients treated with crizotinib, suggesting
attention to monitoring liver function should be
paid. Taken together, this study showed that
crizotinib plus bevacizumab was a promising
therapeutic strategy in ALK positive NSCLC
patients and the toxicity was well tolerable.

Despite crizotinib improved prognosis of NSCLC
patients with ALK rearrangement, progression
disease in brain was frequent during treatment.
A recent retrospective study demonstrated that
brain metastases were considerably common
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venting crizotinib from entering into
brain, which accelerates the CNS
progression [25, 26]. Kienast Y et al.
reported bevacizumab could prevent an early
angiogenic switch that was mandatory for brain
outgrowth of non-squamous NSCLC cells [27].
Thus, the application of bevacizumab might
correct the formation of pathologic micro-ves-
sels and increase the drug concentration in
brain. Retrospective analysis of the AVAIL study
showed that relapse or metastasis in brain was
less frequent in the bevacizumab arm than in
the control arm [28]. These findings inferred
that bevacizumab might have the potential to
prevent brain metastasis. However, in our
study, crizotinib plus bevacizumab didn’t show
satisfying efficacy in preventing brain metasta-
ses, which was probably due to the small sam-
ple size in our study.

Abnormal blood vessels at the tumor site were
reported to be related with primary resistance
through inhibiting drug penetration and result
in insufficient drug dose at the target lesion
[29, 30]. Therefore, addition of anti-angiogene-
sis drugs pretreatment, such as bevacizumab,
might overcome the resistance. Moreover, pre-
vious studies suggested that tumors might
escape anti-angiogenesis treatment by upregu-
lation of EGFR and FGFR pathways, uncoupled
tumor dependency on blood supply through
p53 mutation and growth pattern variation [31-
33]. VEGF and EGFR signaling pathways were
independent but interrelated. It was reported
that EGFR pathways modulated angiogenesis
by up-regulating VEGF [34]. Thus, the inhibition
of angiogenesis via down-regulating VEGF is
postulated to contribute to the mechanism of
action of EGFR TKiIs. Preclinical model identi-
fied that EFGR blockades plus VEGF antibody
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reduced micro-vessel density and metastases
[35]. Thus, further molecular mechanism re-
searches on the 7 patients developing brain
metastases would be of great help to unveil the
reason for crizotinib plus bevacizumab failing in
the prevention of brain metastases.

There were some limitations in this study.
Firstly, the sample size was small, and only one
patient with ROS-1 fusion or c-MET amplifica-
tion was included. We initially planned to enroll
30 or more patients. However, during the enroll-
ment, second-generation ALK inhibitors, such
as alectinib and ceritinib, showed remarkably
better efficacy than crizotinib and were
approved as first-line treatment. The majority of
NSCLC patients harboring ALK rearrangement
chose alectinib or ceritinib as first line treat-
ment, which made the enrollment very difficult
for our study. In addition, there was no control
group in this study. We could only compare the
efficacy of crizotinib plus bevacizumab with
that of crizotinib alone in previous studies.
Thus, cautions on interpretation of our results
should be taken because of the heterogeneity
and bias between our study and others.
However, to our knowledge, this was the first
study focusing on the efficacy and safety of
crizotinib plus bevacizumab as first-line therapy
for ALK/ROS-1/c-MET positive NSCLC.

In conclusion, crizotinib plus bevacizumab is
effective and tolerant in treating naive ALK pos-
itive NSCLC patients. Our results demonstrated
that crizotinib plus bevacizumab might be a
promising treatment strategy for ALK/R0OS-1/c-
MET positive NSCLC patients. Further prospec-
tive studies and researches on molecular
mechanism are needed to investigate whether
and how crizotinib plus bevacizumab prevent
brain metastases.
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