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Abstract. - OBJECTIVE: The potential use-
fulness of angiogenesis inhibitors (Als) re-chal-
lenge in the treatment of metastatic colorectal
cancer (CRC) who previously treated with beva-
cizumab has not been established yet.

MATERIALS AND METHODS: We identified
relevant clinical studies through searching da-
tabases up to October 2016. Prospective clini-
cal trials investigating Als re-challenge in met-
astatic CRC were included for analysis. The pri-
mary endpoint was overall survival with sec-
ondary endpoint progression-free survival. Es-
timates of treatment effect from individual tri-
als were combined using standard techniques.

RESULTS: A total of 2.686 patients with met-
astatic CRC who previously received bev-
acizumab were identified for analysis. The
meta-analysis results demonstrated that Al
re-challenge significantly improved progres-
sion-free survival (hazard ratio: 0.63, 95% con-
fidence interval: 0.52-0.76, p < 0.001) and over-
all survival (hazard ratio: 0.82, 95% confidence
interval: 0.76-0.89, p < 0.001) when compared
to non-Al containing regimens. No publication
bias was detected by Begg’s and Egger’s tests
for PFS (p=0.09 and p=0.32) and OS (p=0.85
and p = 0.50).

CONCLUSIONS: Our pooled analysis shows
that Als re-challenge offers an improved PFS
and OS in the treatment of metastatic CRC pa-
tients who relapsed after a first-line bevaci-
zumab-containing therapy. Further prospec-
tive clinical trials are still needed to confirm
our findings.
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Introduction

Colorectal cancer (CRC) is the third common-
ly malignancy with approximately 1.2 million
new cases and 600,000 deaths estimated to oc-
cur worldwide every year'?. Currently, surgical
resection remains the cornerstone treatment for
early-stage CRC (stage I-I1T)**. Unfortunately, the
majority of CRC patients are diagnosed with lo-
cally advanced or metastatic disease. As a result,
most of the patients are ultimately treated in the
advanced disease setting where systematic che-
motherapy is used to improve quality of life and
prolong survival®. Although the introduction of
relatively new cytotoxic agents irinotecan and ox-
aliplatin has significantly prolonged survival and
has provided symptomatic benefit, the prognosis
of patients with metastatic CRC remains poor>*.
Angiogenesis, the formation of new blood vessels
from pre-existing vessels, has been validated as a
target in several tumor types through randomized
trials, incorporating vascular endothelial growth
factor (VEGF) pathway inhibitors into the thera-
peutic armory’®. Currently, several antiangiogen-
ic agents such as bevacizumab!®!2, aflibercept'>!4,
ramucirumab® and regorafenib'® have been ap-
proved as second-line treatment for metastatic
CRC patients by the US Food and Drug Admin-
istration. Also, bevacizumab has been approved
as a first-line treatment for metastatic CRC". As
a result, more and more CRC patients have been
treated with bevacizumab-containing regimen.
However, whether continuously anti-angiogenetic
agents by using bevacizumab or switch other an-
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ti-angiogenetic agents would improve survival re-
mains undetermined. In this study, we assess the
effect on OS and PFS of angiogenesis inhibitors
(Als) rechallenge in advanced CRC patients, who
had previously been given bevacizumab-contain-
ing regimens.

Materials and Methods

Selection of Studies

We conducted a computer-based literature
search of PubMed, Embase and the Cochrane
Library electronic databases up to October 2016,
by using the following search terms: “colorectal

cancer”, “colorectal neoplasm”, “antineoplastic
2

agents”, “vascular endothelial growth factor”, and
specific names of anti-angiogenic agents in clini-
cal use. We also manually searched for abstracts
from major conferences from 2004-2014. Each
publication was reviewed by two authors and in
cases of duplicate publication we used the most

recent and updated report of that trial.

Data Extraction and Clinical end Point
We performed this systematic review and me-
ta-analysis complied with the Preferred Reporting
Items for Systematic Reviews and Meta-Analysis
(PRISMA) guideline”®. The name of the first
author and the year of publication were used to
identify the study. The main measurement out-
come was OS (time from random assignment
to death). The second was PFS (the time from
random assignment to the first documentation
of progression for disease, or death from any
cause). HR and its 95% confidence intervals (CI)
of OS and PFS were directly collected from each
selected study. For each study, the following
information was extracted: year of publication,
trial phase, number of patients, treatment regi-
mens, median age, and so forth. To be included
in the meta-analysis, a study had to satisfy the
following requirements: (1) prospective random-
ized controlled trails comparing therapies with or
without Als (bevacizumab, aflibercept, sorafenib,
sunitinib, vandetanib, pazopanib, axitinib, rego-
rafenib, apatinib, cediranib, ramucirumab, nin-
tedanib, thalidomide, lenalidomide); (2) patients
were pathologically confirmed of colorectal can-
cer; (3) the study had sufficient survival data of
patients who previously received bevacizumab.
If multiple publications of the same trial were
retrieved or if there was a case mix between pub-
lications, only the most recent publication (and
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the most informative) was included. We used
the 5-item Jadad scale including randomization,
double-blinding, and withdrawals to assess the
quality of included clinical trials®.

Statistical Analysis

The data were analyzed using Version 2 of the
Comprehensive Meta-Analysis program (Biostat,
Englewood, NJ, USA). Survival data of OS and
PFS were reported as hazard ratios (HRs). The
corresponding 95% confidence intervals (Cls)
were calculated. A statistical test with a p-value
less than 0.05 was considered significant. HR
greater than 1 favored the standard arm, whereas
a HR less than 1 favored the experimental treat-
ment (Als-containing regimens). Between-study
heterogeneity was estimated using the y’-based
Q statistic®®. The P statistic was also calculated
to evaluate the extent of variability attributable to
statistical heterogeneity between trials (25% was
considered low-level heterogeneity, 25-50% mod-
erate-level heterogeneity, and 50% high-level het-
erogeneity). If heterogeneity existed, data were
analyzed using a random-effects model, which
provided a more conservative analysis. In the
absence of heterogeneity, a fixed-effects model
according to the inverse-variance was performed.
To assess the possibility of publication bias, the
funnel-plot test described by using the Begg and
Egger tests were performed?. All p-values were
two-sided. All CIs had two-sided probability cov-
erage of 95%.

Results

Search Results

As shown in Figure 1, a total of 205 potential-
ly relevant citations were reviewed, and 196 of
which were excluded. Finally, six published RCTs
assessing the efficacy of Als re-challenge in
CRC patients were included. The baseline char-
acteristics of these studies were listed in Table
I. A total of 2.686 patients were available for the
meta-analysis. All patients included in the trials
were required to have an adequate renal, hepatic
and hematologic function. The quality of each
included study was roughly assessed according
to Jadad scale, and five trials had Jadad score of
5, and one trial had Jadad scores of 3.

Overall Survival
Six trials reported OS data of Als re-challenge
in CRC patients. The pooled results demonstrated
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Potentially relevant records identified
through database searching (205)

Excluded (n=176)

Duplicated reports;

Basic researches;

Phase [ trials and single arm II trials;
Methodologic trial description
Review articles;

Case reports;

Full text articles assessed for
eligibility (n=29)

Trials excluded (n=20):
Trials did not report survival data of
CRC patients prior received bevacizumab (n=15)
Both arms received angiogenesis inhibitors (n=5);

Eligible randomized controlled trials
for meta-analysis
(0=9)

Figure 1. Studies eligible for inclusion in the meta-analysis.

that Als re-challenge significantly improved OS
in comparison with non-Als containing therapies
(HR 0.82, 95% CI: 0.76-0.89, p < 0.001, Figure 2)
using a fixed-effects model (7= 0%, p = 0.96).

Progression-Free Survival

Six trials reported PFS data. The pooled hazard
ratio for PFS demonstrated that Als re-challenge
also significantly improved PFS giving HR 0.63
(95% CI: 0.52-0.76, p < 0.001, Figure 3), com-
pared with non-Als containing regimens. There
was significant heterogeneity between trials (
= 79.6%, p < 0.001), and the pooled HR for PFS
was performed by using a random-effects model.

Publication Bias
We did not observe significant asymmetry by
using funnel plots (data not shown). Additionally,

no evidence of publication bias was detected by
using Begg’s and Egger’s linear regression tests
(OS: p=0.85, and p = 0.50; PFS: p=0.09 and p =
0.32; respectively).

Discussion

Increased vascularity has been reported in
many solid tumors including colorectal cancer.
Angiogenesis, especially VEGF signal pathway,
plays a pivotal role in tumor growth, progres-
sion, and metastasis®®. Thus, the VEGF signal
pathway has been targeted as a therapeutic
option for colorectal cancer®>*. In fact, several
novel angiogenesis inhibitors targeting VEGF
pathway have been approved for the treatment
of advanced CRC patients. However, the effi-
cacy of Als re-challenge in CRC patients pre-
viously treated with bevacizumab remains un-
determined. Previous preclinical research finds
that the angiogenesis continues throughout the
lifespan of the tumor. It has been assumed that
persistent VEGF suppression, along with sec-
ondary and tertiary cytotoxic regimens, may
result in continued clinical benefit. Based on
this hypothesis, we conduct the current me-
ta-analysis to evaluate whether Als re-challenge
could obtain clinical benefits in CRC patients
who have progressed after first-line treatment
with bevacizumab-containing chemotherapy. To
the best of our knowledge, this study is the first
meta-analysis with a focus on investigating the
value of Als re-challenge in pretreated CRC pa-
tients. A total of 2.686 patients with metastatic
CRC who previously received bevacizumab was

Table I. Baseline characteristic of the six trials included for analysis.

No. of patients
Total who received Primary Median Jadad
Authors patients Als already Treatment arms endpoint follow-up score
Van cutsem et al/2012 1226 373 Aflibercept + FOLFIRI (6N 22.28 5
Placebo + FOLFIRI
Bennouna et al/2013 820 820 Bevacizumab +chemotherapy (0N} 9.6 3
chemotherapy
Grothey et al/2013 760 760 Regorafenib (0N} NR 5
placebo
Siu et al/2013 750 152 Brivanib + cetuximab (0N} 18.7 5
Placebo + cetuximab
Li et al/2015 204 45 Regorafenib (N 7.4 5
Placebo
Tabernero et al/2015 1072 1072 Ramucirumab + FOLFIRI oS 21.7 5
Placebo + FOLFIRI
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Study name

Statistics for each study

Hazard Lower Upper

ratio limit limit
Van cutsem E. et al/2012 0862 0.673 1.104
Bennouna J et al/2013 0.810 0.694 0.945
Grothey A. et al/2013 0.770 0.634 0.936
SiuL.L. etal/2013 0.800 0.615 1.041
Li J. et al/2015 0.990 0481 2.036
Tabernero J. et al/l2015 0844 0.730 0.976

0.820 0.755 0.890

Hazard ratio and 95% ClI
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Figure 2. Fixed-effects model of hazard ratio (95% CI) of OS associated with therapies with or without Als.

identified for analysis. The meta-analysis results
demonstrate that Al re-challenge significant-
ly improved progression-free survival (hazard
ratio: 0.63, 95% confidence interval: 0.52-0.76,
p < 0.001) and overall survival (hazard ratio:
0.82, 95% confidence interval: 0.76-0.89, p <
0.001) when compared to non-Al containing
regimens. Based on our findings, angiogenesis
inhibitors could be recommended in patients
with advanced CRC who previously received
bevacizumab, Als re-challenge in combination
with standard treatment could be a preferable
treatment option over standard second-line ther-
apy alone, although this recommendation cannot
be conclusive because the overall comparisons
are not based on randomization. Furthermore,
the toxicity outcome is not assessed. Several
limitations need to be concerned in the present
work. Firstly, most of the included trials are con-
ducted to assess the role of Als in CRC patients,

Study name

Statistics for each study

Hazard Lower Upper

ratio limit limit
Van cutsem E. et al/2012 0661 0.512 0.853
Bennouna J et al/2013 0.680 0.591 0.782
Grothey A. et al/2013 0.500 0.427 0.586
SiuL.L. etal/2013 0.670 0526 0.853
Li J. et al/l2015 0.200 0.139 0.605
Tabernero J. et al/2015 0.793 0.697 0.903

0.629 0.524 0.755

but not specifically for patients who previously
received bevacizumab, which might lead to the
imbalance of patient characteristics between the
two treatment groups. Secondly, our study is
a study-level meta-analysis, confounding vari-
ables at the patient level could not be incorpo-
rated into the analysis. Thirdly, different Als
are included for analysis, which would increase
the clinical heterogeneity among included trials.
Finally, a possible publication bias might have
been introduced because trials with positive
results are more likely to be published. Our
research detects no publication bias using Begg
and Egger tests for OS and PFS.

Conclusions
This is the first meta-analysis assessing

the efficacy of Als re-challenge in metastatic

Hazard ratio and 95% CI

Z-Value p-Value

-3.187  0.001 -l
-5.415  0.000 [ |
-8.589  0.000 ]
-3.243  0.001 L
-3.297  0.001 -

3511 0.000 [ ]
-4.994  0.000 2
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Figure 3. Fixed-effects model of hazard ratio (95% CI) of PFS associated with therapies with or without Als.
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CRC patients. Our results indicate that Als
re-challenge offers an improved PFS and OS
in metastatic CRC patients when compared to
non-Als containing regimens. Thus, Als could
be recommended for metastatic CRC patients
who previously treated with bevacizumab.
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