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Abstract. Bevacizumab has demonstrated a survival benefit
in patients with metastatic colorectal cancer (mnCRC) when
combined with chemotherapy. Several randomized clinical
trials comparing the efficacy and toxicity of vascular endo-
thelial growth factor receptor (VEGFR) tyrosine kinase
inhibitors (TKIs) against bevacizumab have been reported.
The present meta-analysis was conducted to identify the poten-
tially significant benefit of the combined treatment regimens in
patients with mCRC. PubMed, Embase and Cochrane Library
databases were searched for the randomized controlled trials
published on or before September 2014, which compared the
efficacy and toxicity of VEGFR TKIs with bevacizumab in
combination with chemotherapy in patients with mCRC. The
primary endpoints included progression-free survival (PFS),
overall survival (OS) and overall response rate (ORR), and
secondary endpoints were the toxicity profiles. Relative risks
(RRs) with 95% confidence intervals (CIs) for response rate and
adverse events (AEs) were calculated, as well as hazard ratios
(HRs) for PFS and OS. The final analysis included 4 studies
comprising a total of 1,929 intent-to-treat patients with mCRC,
which compared VEGFR TKIs (cediranib and axitinib)
plus chemotherapy with bevacizumab plus chemotherapy.
Results demonstrated that VEGFR TKIs plus chemotherapy
significantly resulted in a modest but significantly shorter PFS
[hazard ratio (HR), 1.12; 95% CI, 1.00-1.25; P=0.05] compared
with that of bevacizumab plus chemotherapy but not in OS
(HR, 1.10; 95% ClI, 0.88-1.17, P=0.87) and ORR (RR, 0.95;
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95% ClI, 0.85-1.05; P=0.30). VEGFR TKIs treatment showed
a less favorable AE profile compared with bevacizumab,
with higher rates of grade-III/IV diarrhea, fatigue, hyperten-
sion, neutropenia and thrombocytopenia, whereas a higher
incidence of peripheral neuropathy associated with the
bevacizumab group was observed. In conclusion, the addition
of VEGFR TKIs to chemotherapy resulted in a modest but
significantly shorter PFS but not in OS and ORR compared
with bevacizumab. The VEGFR TKIs group showed a less
favorable AE profile with higher rates of diarrhea, fatigue,
hypertension, neutropenia and thrombocytopenia, whereas a
higher incidence of peripheral neuropathy associated with the
bevacizumab was observed.

Introduction

Colorectal cancer (CRC) is the third most common cause
of malignancy in men and women in the United States. The
prognosis is poor for patients with metastatic colorectal cancer
(mCRC) and the 5-year survival rate for them is ~12% (1).
Standard first-line chemotherapy regimens for mCRC include
5-fluorouracil (5-FU)/leucovorin/oxaliplatin (FOLFOX) and
5-FU/leucovorin/irinotecan (FOLFIRI) (2). These two have
incrementally led to improved overall response rates (ORR),
progression-free survival (PFS) and overall survival (OS)
in first-line regimens. However, the GERCOR study, which
evaluated the efficacies of FOLFOX and FOLFIRI as first- and
second-line therapies in patients with mCRC, demonstrated
that the clinical benefit was greatly reduced with second-line
treatment (3). More effective options are required to further
improve outcomes.

As a key factor of tumor growth and metastasis, the
vascular endothelial growth factor (VEGF) regulates normal
and pathological angiogenesis, and activates multiple signaling
networks that promote endothelial cell growth, migration and
vascular permeability (4). A clinically validated therapeutic
strategy to target the VEGF signaling axis in patients has been
demonstrated with advanced mCRC. The VEGF monoclonal
antibody bevacizumab (Avastin®; Genentech, San Francisco,
CA, USA), has demonstrated a clinical benefit in patients with
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mCRC when combined with chemotherapy in a randomized,
phase III study, in which the addition of bevacizumab to oxali-
platin, fluorouracil and leucovorin (FOLFOX4) significantly
prolonged PFS [7.3 vs. 4.7 months; hazard ratio (HR), 0.61;
P<0.0001] and OS (12.9 vs. 10.8 months; HR, 0.75; P=0.0011)
compared with FOLFOX4 alone (5).

VEGF receptors (VEGFR) tyrosine kinase inhibi-
tors (TKIs), such as cediranib and axitinib, have shown
antitumor activity in patients with mCRC. Cediranib is
an oral, highly potent VEGF TKI with activity against
all three VEGFRs (6,7). A randomized, phase III study
(HORIZON II) of cediranib + FOLFOX/CAPOX versus
placebo + FOLFOX/CAPOX for mCRC demonstrated that
the addition of cediranib to chemotherapy prolonged PFS, but
did not significantly improve OS (8). Axitinib, a potent and
selective second-generation inhibitor of VEGFRs 1-3 (9), has
shown promising single-agent activity against a variety of
tumor types, including metastatic renal cell carcinoma, mela-
noma, thyroid cancer and non-small-cell lung cancer (10-14).
As opposed to bevacizumab, it specifically binds VEGF-A,
and cediranib and axitinib act directly at VEGFR 1-3 and
may result in a more complete blockade of VEGF signaling.
Several RTCs have been conducted to investigate efficacy and
toxicity of VEGFR TKIs versus bevacizumab in combina-
tion with chemotherapy in patients with mCRC. However,
the conclusions are not consistent. Therefore, the present
meta-analysis was performed to evaluate the randomized
controlled trials (RCTs) and compare the efficacy and toxicity
of VEGFR TKIs plus chemotherapy with bevacizumab plus
chemotherapy in patients with mCRC.

Materials and methods

Search criteria. PubMed, Embase and the Central Registry
of Controlled Trials of the Cochrane Library were searched
for all the relevant trials on or before September 2014,
which compared efficacy and toxicity of VEGFR TKIs with
bevacizumab in combination with chemotherapy in patients
with mCRC. The following keywords were used: ‘Advanced
colorectal cancer’ OR ‘metastatic colorectal cancer’ AND
‘randomized controlled trial’ AND ‘bevacizumab’ AND
‘VEGFR TKIs’ OR ‘cediranib’ OR ‘axitinib’ OR ‘sunitinib’.
Abstracts presented at the annual meeting of the American
Society of Clinical Oncology (ASCO) and the European
Society for Medical Oncology (ESMO) were also searched,
and the reference lists of all the identified relevant studies for
this topic were manually examined.

The inclusion criteria were as follows: i) Patients with
histologically confirmed mCRC; ii) RCTs; iii) experimental
and control groups treated by VEGFR TKI and bevacizumab
respectively, and experimental group treated by VEGFR
TKI plus the chemotherapy, while control group received
bevacizumab plus the chemotherapy, and not confounded by
additional biological agents or interventions; iv) trials should
be explicit regarding numbers of cases in experimental and
control groups, as well as the cases that finished the trials; and
v) clinical index included PFS, OS, ORR and adverse events
(AEs).

The exclusion criteria were: i) Trials that included patients
with major comorbidities or second tumors were excluded;
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ii) quasi-randomized studies that were considered to possess
insufficient quality; and iii) trials included adjuvant chemo-
therapy within 6 months or concomitant interventions were
excluded.

Quality assessment. Quality of study methodology was
scored using the methods reported by Jadad et al (15) and
Kjaergard et al (16). This is a five-point scale, with one point
awarded for each quality criterion (17).

Data extraction and statistical analysis. Two investigators
(Y.L Huang and F. Lu) independently extracted the data from
all the included studies according to the inclusion criteria
listed. Disagreements were resolved by discussion with an
independent expert (Y.L. Yang). The following informa-
tion was sought: First author, year of publication, number of
patients, number of patients eligible for response, gender rate,
mean age, ORR, median OS and PFS, and data on AEs/toxici-
ties, such as hypertension, vomiting, diarrhea, fatigue and
neutropenia, thrombocytopenia and peripheral neuropathy.

Meta-analysis was carried out by RevMan 5.0 provided by
the Cochrane Collaboration (Oxford, UK). HR for PFS and
OS, relative risks (RR) for ORR and AEs with 95% confidence
intervals (CI) were calculated. To test the statistical heteroge-
neity for each trial, a Cochrane's Q test was performed, and if
P<0.1, the assumption of homogeneity was considered invalid
and the random effect model was used. HR>1 for PFS and
OS indicated that the anti-VEGF TKI treatment group derived
more progression or fatalities. RR>1 for ORR and AEs indi-
cated that the anti-VEGF TKI treatment group derived more
overall response or more toxicities. The potential presence of
publication bias was evaluated visually by inspecting funnel
plots and statistically using the Egger's test.

Results

Included studies. A total of 273 potentially relevant citations
were reviewed, and following exclusion of 264 as they were
reviews studies, basic researches or case reports, 9 potential
RCTs were identified and the full text for each study was
screened. Of these, 5 studies were excluded due to incomplete
data, phase I pharmacokinetics and tolerability or irrelevant
data to compare VEGFR TKI with bevacizumab in mCRC.
Finally, 4 randomized trials were eligible for inclusion in the
meta-analysis. The study search process is shown in Fig. 1. Four
trials with a total of 1,929 intent-to-treat patients included in
the meta-analysis were RCTs, and the full text was published
in English. Two were double-blind, phase III RCTs (18,19)
and 2 were open-label, phase IT RCTs (20,21). The main char-
acteristics of all the eligible RCTs are listed in Table I. The
trial conducted by Cunningham ez al (18) compared cediranib
(20 and 30 mg once daily) plus mFOLFOX6 with bevaci-
zumab plus mFOLFOX®6, respectively. Only the comparative
data between the cediranib 20-mg group and the bevacizumab
group were included in the analysis in order to reduce hetero-
geneity. The trial conducted by Bendell ef al (21) compared
axitinib/FOLFIRI and axitinib/mFOLFOX6 with FOLFIRI
alone and mFOLFOX6 alone, respectively. Therefore, the
trial was included in the analysis as 2 independent studies
(Bendell-1 2013 and Bendell-2 2013).
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Search Strategy (up to September2014)

PubMed, EMBASE, Cochrane Database of Systematic Reviews, Google Scholar
{Limits= Metastatic colorectal canceroradvancedcolorectal cancer, RCTs,
VEGFR tyrosine kinase inhibitors, bevaczumab, cediranib, anxitini, sunitinib

|

273 articles retrieved for screening

——

9RCTsscreened

4 RCTs included in the meta-analysis
Schmoll2012
Cunningham 2013
Infante 2013
Bendell2013

264 abstracts excluded because
| reviews arficles orbasic researches
| orcase reports

1 1excluded because incomplete data i
| 1excluded because phase| !
| phammacokinetics and tolerability 1
1 3excludedbecause VEGFR TKI i
| versus placeboorotheragents -

1

Figure 1. Consort diagram of study selection. RCT, randomized controlled trial; VEGFR TKI, vascular endothelial growth factor receptor tyrosine kinase

inhibitors.
Hazard Ratio Hazard Ratio
—Study or Subgroup log[Hazard Ratjo] SE Weight IV, Fixed, 95% CI 1V, Fi % Cl
D Cunningham 2013 0.2469 02089 7.7% 1.28[0.85,1.93] f
Hans-Joachim Schmoll 2012 0.0953 0.0842 82.0% 1.10[0.97, 1.25]
Jeffrey R. Infante 2013 0.077 04245 1.9% 1.08[0.47,2.48) B
Johanna C. Bendell-1 2013 0239 02553 52% 1.27[0.77,2.09] ™
Johanna C. Bendell-2 2013 00392 0325 32% 1.04[0.55,1.97] -
Total (95% Cl) 100.0% 1.12 [1.00, 1.25] )
Heterogeneity: Chi? = 0.79, df = 4 (P = 0.94); I* = 0% :0.0 ; 0 ; ; 1?0 ; 00’

Test for overall effect: Z = 1.93 (P = 0.05)

Favours [experimental] Favours [control]

Figure 2. Hazard ratio for progression-free survival with vascular endothelial growth factor receptor tyrosine kinase inhibitors versus bevacizumab in combi-

nation with chemotherapy. SE, standard error; CI, confidence interval.

The mean Jadad score was 3.3 for the included studies
(Table IT). All the trials were randomized, but only 1 described
the methods of randomization. Two were double-blind,
phase III trials and 2 were open-label, phase II trials; all
4 trials reported their withdrawals and dropouts.

All the studies included in the meta-analysis were
approved by the institutional review board or independent
ethics committee of each participating center, followed the
guiding principles of the Declaration of Helsinki and good
clinical practice, and complied with all local laws and regula-
tions. All the patients provided written informed consent prior
to enrolment.

Efficacy of VEGFR TKIs plus chemotherapy versus bevaci-
zumab plus chemotherapy in metastatic colorectal cancer

PFS. The combination of VEGFR TKIs and chemotherapy
resulted in a significant decline in PFS compared with beva-
cizumab plus chemotherapy (HR, 1.12; 95% CI, 1.00-1.25;
P=0.05) (Fig. 2). There was no significant heterogeneity
(P=0.94, 1’=0%), and the pooled HR for PFS was performed
using the fixed-effect model.

OS. There was no significant difference between the
VEGEFR TKIs and bevacizumab groups for the pooled HR for
OS (HR, 1.01; 95% CI, 0.88-1.17, P=0.87) (Fig. 3). There was
no significant heterogeneity (P=0.20, ’=33%) and the pooled
HR for OS was also performed using the fixed-effect model.

ORR. There was no significant difference between the
VEGFR TKIs group and bevacizumab group for the pooled RR
for ORR (RR, 0.95; 95% CI, 0.85-1.05; P=0.30) (Fig. 4). There
was no significant heterogeneity (P=0.36,1’=8%) and the pooled
HR for OS was also performed using the fixed-effect model.

Toxicities of anti-VEGFR TKIs plus chemotherapy versus
bevacizumab plus chemotherapy in metastatic colorectal
cancer. Reported grade-III/IV adverse reactions in these
4 studies included diarrhea, fatigue, hypertension, neutro-
penia, peripheral neuropathy, thrombocytopenia, vomiting
and abdominal pain. All studies reported diarrhea, fatigue,
hypertension, neutropenia, thrombocytopenia and periph-
eral neuropathy in patients, while 4 reported vomiting and
abdominal pain. The comparison of grade-III/IV adverse
reactions between the VEGFR TKIs and bevacizumab
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Table II. Jadad score calculation for included studies.
Jadad score calculation parameters Cunningham ez al (18)  Schmoll ez al (19)  Infante et al (20) Bendell et al (21)
Was the study described as randomized 1 1 1 1

(this includes words such as randomly,

random and randomization)?

Was the method used to generate the 0 0 1 0
sequence of randomization described and

appropriate (such as table of random

numbers and computer-generated)?

Was the study described as double blind? 1 1 0 0

Was the method of double blinding described 1 1 0 0
and appropriate (such as identical placebo,
active placebo and dummy)?

Was there a description of withdrawals 1 1 1 1

and dropouts?

Total 4 4 3 2
Hazard Ratio Hazard Ratio

—StudvorSubgroup  log[Hazard Ratio]  SE Weight IV, Fixed. 95% CI

IV, Ei % Cl
D Cunningham 2013 0.3293 02106 12.1%  1.39[0.92, 2.10] F
Hans-Joachim Schmoll 2012 -0.0619 0.0887 68.1% 0.94[0.79, 1.12]
Jeffrey R. Infante 2013 0.1484 02877 6.5% 1.16[0.66,2.04] i
Johanna C. Bendell-1 2013 0.3075 02581 8.0% 1.36[0.82,2.26] i
Johanna C. Bendell-2 2013 20.3711 0318 53% 0.69[0.37,1.29] e
Total (95% Cl) 100.0% 1.01 [0.88, 1.17) 4
Heterogeneity: Chi = 5.95, df = 4 (P = 0.20); I = 33% :0.0 " oi ” ! 1:0 100:

Test for overall effect: Z =0.17 (P = 0.87)

Favours [experimental] Favours [control]

Figure 3. Hazard ratio for overall survival with vascular endothelial growth factor receptor tyrosine kinase inhibitors vs. bevacizumab in combination with
chemotherapy. SE, standard error; CI, confidence interval.

Experimental Risk Ratio Risk Ratio

=1 oia d

D Cunningham 2013 13 71 18 66 0.67 [0.36, 1.26]

Hans-Joachim Schmoll 2012 328 709 337 713 852%  0.98[0.88, 1.09]
Jeffrey R. Infante 2013 12 42 21 43 53%  059[0.33, 1.03] e

Johanna C. Bendell-1 2013 12 49 12 51 3.0% 1.04 [0.52, 2.09] -1

Johanna C. Bendell-2 2013 7 36 7 35 1.8%  0.97[0.38,249] —

Total (95% Cl) 907 908 100.0%  0.95[0.85, 1.05] L

Total events 372 395

Heterogeneity: Chi? = 4.33, df = 4 (P = 0.36); I* = 8% }n. = nf - g 1’0 z 00’

Test for overall effect Z = 1.04 (P = 0.30) Favours [experimental] Favours [control]

Figure 4. Relative risk for overall response rate with vascular endothelial growth factor receptor tyrosine kinase inhibitors vs. bevacizumab in combination
with chemotherapy. SE, standard error; CI, confidence interval.

groups are shown in Fig. 5. The statistically significant
differences in pooled estimates suggest a higher incidence
of grade-III/IV diarrhea (RR, 2.01; 95% CI, 1.52-2.66;
P<0.00001), grade-III/TV fatigue (RR, 1.56;95% CI,1.12-2.18;
P=0.009), grade-III/IV hypertension (RR, 1.67;
95% CI, 1.15-2.43; P=0.007), grade-1II/TV neutropenia
(RR, 1.33; 95% CI, 1.14-1.54; P=0.0002) and grade-I11/IV
thrombocytopenia (RR, 2.44; 95% CI, 1.48-4.02; P=0.0005)
associated with the anti-VEGFR TKI group, particularly for
diarrhea and thrombocytopenia. However, the statistically
significant differences in pooled estimates suggest a higher

incidence of grade-III/IV peripheral neuropathy (RR, 0.72;
95% CI, 0.52-0.99; P=0.05) associated with the bevaci-
zumab group. No statistically significant differences were
noted in the incidence of grade-III/IV vomiting (RR, 0.96;
95% CI, 0.41-2.25; P=0.92) and grade-III/TV abdominal pain
(RR, 1.64; 95% CI, 0.62-4.34; P=0.32).

Discussion

Agents targeting the angiogenic pathway have been the
cornerstone of mCRC treatment in recent years. The survival


https://www.spandidos-publications.com/10.3892/mco.2015.572
https://www.spandidos-publications.com/10.3892/mco.2015.572

964

LIN et al: VEGFR TKIs VERSUS BEVACIZUMAB IN METASTATIC CRC: A META-ANALYSIS

Experim Control Risk Ratio Risk Ratio
Wy Of pa oy (E1lLS t All% ¥ Al 1} ixed. 95% Cl hi AL "h
D Cunningham 2013 o 05 41 T4 624%  236[167,335] ]
Hans-JoachimSchmoll 2012~ 13 70 11 66 172%  1.41[054,231) -
Jefirey R. Infante 2013 3 0% 6 43 87% 055015206 B
lohanaC.Bendeh12013 15 46 6 51 87% 277[117,654) —
Johanna C. Bendel-2 2013 4 % 2 3B 3% 19403899 T
Total (95% CI) 86 899 1000%  2.01[1.52, 266] ¢
Total events 132 66 . . . .
Heterogeneit: Ch? = 7.58, df =4 (P = 0.11); = 47% et m

Test for overall eflect 2= 490 (P < 0.00001)

Favours [experimental] Favours [control}

Risk Ratio Risk Ratio

{ ) Aol 13 M-, Flxed 0 Iy Xed. 397
D Cunningham 2013 55 05 3 704 655%  162[1.07,245) L
HansJoachimSchmol 2012 10 70 9 66 178%  1.05[045,242) -
Jeffrey R. Infante 2013 T 0% 6 43 110%  129[047,350) T—
Johanna C. Bendel-1 2013 5 46 2 51 3T% 277056, 1360) T
Johanna C. Bendel-2 2013 4 % 1 % 20% 389[0463310] T/
Total (95% CI) 896 899 1000%  156[1.42 218] L4
Tolal evens 81 5 . . . .
Heterogeneily: Ch? = 2.25,df =4 (P = 0.69); 2= 0% e o b m
Test for overal effect: 2= 2,63 (P=0.009) Favous egesinen] Farous conto]

Experimental  Control Risk Ratio Risk Ratio

ents Tot ixe M-H, Fixed 95% CI
. L3
HansJoachimSchmol202 7 70 9 66 22%  073(029,18] -
Jefirey R. Infente 2013 6 3 1 43 23% 662008355 —
Johanna C. Bendell- 2013 4 46 2 51 46% 2220043115 -T-—
Johanna C. Bendell2 2013 3% 0 B 12% 68103% 122 I e e—
Total (95% C) 896 899 1000%  167[1.15,243) ¢
Total events 69 4
Helerogeneity: Ch2 = 5.72, df= 4 (P = 0.22) = 30% P S
Test for overal effect: 2= 272 (P = 0.007) Favours pernena] Faious ]
Risk Ratio

dy or Subgroup s Total Events Total Welght M-H, Fxed, 95% CI ixed, 95% Cl
D Cunringham 2013 24 05 166 04 761%  135[1.14,160] ﬁ
Hans-oachimSchmol 202~ 26 70 19 66 90%  129[079,210) ™
Jeffey R. Infarte 2013 133 13 4 57%  110[058,208) T
lohamaC.BendeH1 2013 14 46 17 51 T4%  091[051,164) T
lohanaC.Bendel22013 12 % 4 3B 1%  292[104,81] —
Total (35% C) 86 899 1000%  1.33[1.14,154) (]

Tolal events 29 29

Heterogenety: Chi? = 4.18, df = 4 (P = 0.38); F-= 4%
Test for overall effect: Z = 3.70 (P = 0.0002)

LRI
Favours [experimental] Favours [control]

Figure 5. Relative risks of grade-III/IV adverse reactions between vascular endothelial growth factor receptor tyrosine kinase inhibitors versus bevacizumab
in combination with chemotherapy. (A) Grade-III/IV diarrhea; (B) grade-III/IV fatigue; (C) grade-III/IV hypertension and (D) grade-III/IV neutropenia. CI,
confidence interval.
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E Experimental  Control Risk Ratio Risk Ratio
(Uay 0 0L L) k WL (e Yid [HES - L.:;' . .. .'—.' 4 '{.
D Cunningham 2013 5 18 704 85 205[1.18, 357
Hans-Joachim Schmoll 2012 4§ 0 0 66 25% 849[047,15476) '
Jeffrey R. Infante 2013 5 X 0 43 23% 1210[0.69,211.97) T
Johanna C. Bendel-1 2013 1 4% 1 51 45% 1.11[007,1722) I
Johanna C. Bendel-2 2013 3 ® 1 3% 48% 29200322672 N
Total (5% C) 896 899 1000% 244 [148,402) L 4
Total events 50 20 ) . ) )
Heterogeneity: Chi? = 263, df =4 (P = 0.62); = 0% '0,01 OTI 1 1'0 100‘
Test for overall effect: Z = 3.49 (P = 0.0005) Favours fexperimental] Favous [ooiol
F Experimental  Control Risk Ratio Risk Ratio
1 ) ot pte ta elg ' fxed. 95% -t Flxed, 327
D Cunninghzm 2013 51 705 68 704 837%  0.75[0.53,1.06]
Hans-Joachim Schmoll 2012 3 70 5 66 63% 057[0.14,227)
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Figure 5. Continued. (E) Grade-III/IV thrombocytopenia; (F) grade-III/IV peripheral neuropathy; (G) grade-III/IV vomiting; and (H) grade-III/IV abdominal

pain. CI, confidence interval.

benefit of adding bavacizumab to chemotherapy has been
demonstrated in a number of randomized clinical studies,
and consequently, the combination of bevacizumab with
FOLFOX is the preferred front-line regimen amongst US
clinicians (22). Since then, additional randomized studies
have shown the antitumor activity of other VEGF-targeted
therapies (23). Recently, several RCTs comparing the effi-
cacy and toxicity of VEGFR TKIs against bevacizumab
have been reported, but the majority have shown inadequate
results. In the HORIZON III trial, cediranib in combination

with mFOLFOX6 showed comparable clinical activity to
bevacizumab plus mFOLFOXG6 in first-line mCRC but failed
to meet the predefined boundary for cediranib PFS non-infe-
riority. Similarly, in the HORIZON 1 trial, cediranib had
antitumor activity in patients with previously treated mCRC,
with no statistically significant differences observed in PFS,
OS and ORR comparisons with bevacizumab. However,
Infante et al (20) demonstrated that neither the addition of
continuous axitinib nor the axitinib/bevacizumab combina-
tion to FOLFOX-6 improved ORR, PFS or OS compared
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with bevacizumab as first-line treatment of mCRC. In
another study, Bendell et al (21) showed that axitinib did
not improve outcomes when added to second-line chemo-
therapy compared with bevacizumab for mCRC. The present
meta-analysis focused on the RCTs comparing the efficacy
and toxicity of VEGFR TKIs against bevacizumab to iden-
tify the potentially significant benefit with the combined
treatment regimens.

The results confirmed that VEGFR TKIs plus chemo-
therapy significantly resulted in a modest but significantly
shorter PFS (HR, 1.12; P=0.05) compared with bevacizumab
plus chemotherapy. However, there were no statistically signif-
icant differences in OS (HR, 1.10; 95% CI, 0.88-1.17; P=0.87)
and ORR (RR, 0.95; 95% CI, 0.85-1.05; P=0.30) between the
treatment arms. As for the safety profile, the VEGFR TKIs
group showed a less favorable AE profile compared with beva-
cizumab, with higher rates of grade-III/IV diarrhea, fatigue,
hypertension, neutropenia and thrombocytopenia, whereas a
higher incidence of peripheral neuropathy was associated with
the bevacizumab group.

The efficacy outcomes of bevacizumab in the included
studies, in terms of PFS and OS, were consistent with the earlier
studies of this agent in combination with chemotherapy in first-
or second-line mCRC. Median PFS in the first-line setting
[10.3 months, Schmoll et al (19); 15.9 months, Infante er al (20)]
was comparable to that observed with bevacizumab plus
FOLFOX4/CAPOX [9.4 months; Van Cutsem et al (24)], PFS
in the second-line setting [7.8 months, Cunningham ez al (18);
6.9 months and 6.4 months, Bendell er al (21)] was also
comparable to that observed with vatalanib (PTK787/ZK)
plus mFOLFOXG6 [5.6 months; Van Cutsem et al (24)]. OS data
were similar to the earlier studies.

Cediranib and axitinib are highly potent VEGFR TKIs
with in vivo activity against all three VEGF receptors and
may result in more complete blockade of VEGF to additive
antitumor activity compared with bevacizumab, however,
it was confirmed that neither the addition of cediranib nor
axitinib combination to chemotherapy improved ORR, PFS
or OS compared with bevacizumab as first- or second-line
treatment of mCRC. Furthermore, AEs leading to discontinu-
ation, dose reduction or dose interruption were reported more
frequently for VEGFR TKIs treatment arms, which may lead
to fewer cycles and lower dose intensity of chemotherapy.
The meta-analysis showed that VEGFR TKIs plus chemo-
therapy significantly increased the risk of progression by 12%
compared with bevacizumab (HR 1.12; P=0.05). More toler-
ability issues and lower dose intensity of chemotherapy may
also be important factors to consider.

Inthe present meta-analysis, patients who received TKIs had
higher incidences of grade-III/IV diarrhea, fatigue, hyperten-
sion, neutropenia and thrombocytopenia, which were consistent
with the safety profiles of other VEGFR TKIs (25-27). The
pooled analysis showed that the rate of diarrhea and thrombo-
cytopenia were more than twice as high with the addition of
VEGFR TKI to chemotherapy, which may be associated with
the antitumor activities of 5-FU/LV. Hypertension may be a
class and common effect of angiogenesis inhibitors although
the mechanisms of hypertension are unclear. There was a
higher incidence of peripheral neuropathy in the bevacizumab
group and it may account for more cycles and a higher dose
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intensity of chemotherapy compared with VEGFR TKI. In
general, it appears that VEGFR TKIs plus chemotherapy were
not as well-tolerated as bevacizumab-based regimens and may
result in early discontinuations and decreased dose intensity of
all the agents.

Although the previous studies conducted with additional
VEGFR TKIs to chemotherapy have been unsuccessful to
date (24,25,28,29), the potential use of oral VEGFR TKIs
continues to be investigated. Recently, it was demonstrated
that the oral VEGFR TKI regorafenib improved OS and PFS
compared with the placebo in patients with advanced CRC
who had received previous treatment with oxaliplatin and
irinotecan-based chemotherapy (30), which showed promise
for treatment of mCRC. Further investigation with this class
of agent is warranted in pursuit of effective clinical treatment.
Markers that are predictive for response to VEGFR therapy
have not yet been identified but are undergoing investigation,
which may reveal a benefit in select patient populations in the
future (31).

In conclusion, based on the results of the present
meta-analysis, VEGFR TKIs plus chemotherapy significantly
resulted in a modest but significantly shorter PFS compared
with bevacizumab plus chemotherapy but not in OS and ORR.
VEGFR TKI treatment showed a less favorable AE profile
compared with bevacizumab, with higher rates of grade-III/IV
diarrhea, fatigue, hypertension, neutropenia and thrombocy-
topenia, whereas a higher incidence of peripheral neuropathy
was associated with bevacizumab.
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