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Abstract

Background

Colorectal cancer is one of the leading causes of cancer deaths in both sexes in the world.
Improvement of existing therapy modalities and implementing new ones in order to improve
survival of patients with colorectal cancer represents a great challenge for medicine. The
aim of this paper was to assess the impact that adding bevacizumab to chemotherapy has
on survival in patients with metastatic colorectal cancer, compared to the use of chemother-
apy alone.

Methods

Hazard ratios (HRs) with their 95% confidence intervals (Cl) were determined from the stud-
ies and pooled. Two-sided p values were reported and considered to indicate statistical sig-
nificance if less than 0.05.

Results

A total of 12 studies that meet the inclusion criteria were identified in the literature search, 3
phase Il studies and 9 phase Il studies. Based on the random effects meta-analysis, a sta-
tistically significant improvement was identified for both overall survival (HR = 0.84; 95% CI:
0.74-0.94; p = 0.003) and progression free survival (HR = 0.64; 95% CI: 0.55-0.73;
p<0.00001) in patients with metastatic colorectal cancer when bevacizumab was added to
chemotherapy, compared to chemotherapy treatment alone.

Conclusion

The findings of this meta analysis confirm the benefit of adding bevacizumab to chemother-
apy in terms of survival and progression free survival, but the magnitude of this effect is not
consistent throughout the included studies. This suggests the need for further research of
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Search strategy

A systematic review of the literature was carried out according to a predefined protocol, in
order to identify studies assessing and comparing survival of patients with colorectal cancer
who are receiving chemotherapy alone or along with bevacizumab [10]. The PubMed database
was searched for eligible articles (up to the end of March 2015). The following keywords were
used in the search: “bevacizumab”, “metastatic colorectal cancer” and “overall survival”. Key-
words were formed using the MeSH database (Medical Subject Headings Database). In case of
duplicate publications, the most recent papers and those with the most data provided were
selected. Finally, the “snowball” method was used, which involved tracking references and cita-
tions of found articles in order to identify additional relevant studies.

Study eligibility criteria

Clinical trials investigating the associations between bevacizumab and overall survival in patients
with metastatic colorectal cancer were initially reviewed. Two review authors (II and MI), work-
ing independently and in parallel, scanned the abstracts and then obtained and reviewed in full
only studies that appeared to meet predefined inclusion and not exclusion criteria.

Inclusion criteria: clinical studies including patients with metastatic colorectal cancer,
patient randomization to a group of bevacizumab + chemotherapy and chemotherapy-only
group for comparison, survival as an outcome, papers in English language.

Exclusion criteria: types of paper such as meta-analyses, systematic reviews, case reports,
observational studies, letters to the editor, studies that didn’t have patients assigned to a bevaci-
zumab + chemotherapy and chemotherapy only group and didn’t measure survival as an out-
come, studies not performed on humans, papers not in English language.

Quality assessment of included studies

Methodological validity and significance was assessed for every study that met the inclusion
criteria. All reviewers independently detected studies for inclusion and then separately assessed
validity and significance. Any disagreements were resolved through consensus-based discus-
sion. Quality assessment of included studies was based on the recommendations given by Hig-
gins et al [11] and their principles for assessing risk of bias. Guidance for Assessing the Quality
of Controlled Intervention Studies by National Institutes of Health [12] was also used. Method-
ology of studies was evaluated using available information regarding randomization, blinding,
follow up—whether all patients that entered the study were properly accounted for and attrib-
uted at its conclusion, whether the groups were treated in the same way apart from the tested
treatment, whether groups were similar in the beginning.

Clinical significance of included studies was evaluated by calculating Number Needed to
Treat (NNT), as suggested by Altman and Andersen [13] for studies in which outcome is the
time to an event. Number needed to treat was calculated using relative risk of response and
absolute risk of response [14]. The NNT shows the number of patients needed to treat with the
particular drug to see one additional response.

Statistical analyses

Meta analysis was performed using the generic inverse variance method. Review Manager soft-
ware Version 5.3 [15] was used. The data for ratio measures of intervention effect were entered
as natural logarithms and their standard errors. The weight given to each study is the inverse of
the variance of the effect estimate. Presented effect estimates were calculated using the random
effects model based on the method of DerSimonian and Laird [16]. Outcome of interest, overall
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Records identified through keywords based

database search (n = 974)

Records excluded (n = 766):

Not randomized (497),
Animals studies (101),
Not in English (89),
Reviews (54),

Records after exclusion criteria applied (n = 208)

Meta analyses (25).

Records screened — titles and abstracts (n = 208)

Records excluded (n = 179):

No chemotherapy only control group (110),
Other monoclonal antibodies (30),

| Studies of prognostic markers (22),

Not randomized (13),

Pharmacokinetic and pharmacogenetic studies (4).

Full-text articles assessed for eligibility (n = 29) Full-text articles excluded (n = 18):

Not randomized clinical trials and cohorts (8),
No chemotherapy only control group (4),

Pooled analysis (2),

References with more published data used (1),
Bevacizumab in adjuvant setting (1),

Quality of life study (1).

Studies included in meta analysis (n = 12)

Fig 1. Flow diagram of study selection process.

doi:10.1371/journal.pone.0161912.g001

distribution differences between study’s arms through adjustments in analysis and with one
study [23] showing that differences in gender distribution were not statistically significant. Char-
acteristics and main findings of included trials are shown in Tables 1 and 2.

Number needed to treat

Number needed to treat calculated using response rates given in the included studies is shown
in Table 3. This table also shows the Number needed to treat to benefit (NNTB) and Number
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Table 3. Number needed to treat throughout studies.

NNT for
response

Researcher, year of Bevacizumab
publication (reference) dose

Kabbinavar et al., 2003 (22) | 5mg/kg; 10mg/ | 4; 14

kg
Moehler et al., 2009 (23) 7.5 mg/kg 20
Hurwitz et al., 2005 (24) 5 mg/kg 33
Hurwitz et al., 2004 (25) 5 mg/kg 10
Saltz et al., 2008 (26) 7.5mg/kg; 5mg/ | RR equal

kg (38%)
Stathopoulos et al., 2010 (27) | 7.5 mg/kg 63
Kabbinavar et al., 2005 (28) | 5 mg/kg 9
Guanetal., 2011 (29) 5 mg/kg 6
Giantonio et al., 2007 (30) 10 mg/kg 7
Tebutt et al., 2010 (31) 7.5 mg/kg 13;6
Cunningham et al., 2013 (32) | 7.5 mg/kg 11
Passardi et al., 2015 (33) 5 mg/kg 167

NNTB and NNTH-survival

At 12 months
NNTB 9 (6—-20)

NNTH 100 (NNTH 4 to co to NNTB 4)
NNTB 10 (NNTB 4 to oo to NNTH 29)

NNTB 16 (9-63)

NNTH 40 (NNTH 8 to oc to NNTB 13)
NNTB 10 (NNTH 31 to 0o to NNTB 4)
NNTB 7 (NNTB 4 to oo to NNTH 1250)
NNTB 8 (5-21)

NNTB 15 (NNTB 6 to co to NNTB 27);
NNTB 1000 (NNTB 9 to co to NNTH 10)

NNTB 8 (4-53)
NNTH 13 (NNTH 6 to oo to NNTB 101)

At 24 months
NNTB 6 (5-11)

NNTB 7 (NNTB 2 to oo to NNTH 6)
NNTB 10 (NNTB 4 to co to NNTH 34)

NNTB 34 (NNTB 12 to co to NNTH 43)

NNTH 9 (NNTB 48 to co to NNTH 4)
NNTB 21 (NNTH 28 to oo to NNTB 7)
NNTB 34 (NNTB 6 to co to NNTH 10)

NNTB 14 (7-158)

NNTB 167 (NNTB 9 to co to NNTB 10);
NNTH 43 (NNTH 8 to oo to NNTB 12)

NNTB 10 (5-57)
NNTH 35 (NNTH 8 to oo to NNTB 14)

Abbreviations: NNT = Number needed to treat; RR = Response rate; NNTB = Number needed to treat to benefit; NNTH = Number needed to treat to harm.

doi:10.1371/journal.pone.0161912.1003

fluorouracil monotherapy (HR = 0.71; 95% CI: 0.61-0.83; p<0.0001) and oxaliplatin based
chemotherapy regimens (HR = 0.83; 95% CI: 0.74-0.93; p = 0.001), while the results for irinote-
can based and capecitabine regimens did not reach statistical significance. Sensitivity analysis
aimed to detect the influence of three phase II studies showed results to remain stable when
these studies were included or excluded from analysis (Fig 3).

Progression free survival

Benefit in progression free survival was evident when bevacizumab was added to chemotherapy
(HR = 0.64; 95% CI: 0.55-0.73; p<0.00001), but with high heterogeneity (I* = 63%; p = 0.002)
(Fig 4). However, subgroup analysis showed that the increment in PFS was persistent through-
out all chemotherapy regimens to which bevacizumab was added, with oxaliplatin based regi-
mens showing the least but still significant benefit (HR = 0.73; 95% CI: 0.54-0.98; p = 0.04) and
addition to fluorouracil monotherapy showing the most benefit (HR = 0.52; 95% CI: 0.38-0.70;
p< 0.0001) (Fig 5).

Funnel plots (Fig 6 and Fig 7) were used for assessing publication bias. The lines represent-
ing 95% confidence intervals for each summary effect show the expected distribution of studies
in the absence of selection bias or heterogeneity [34]. Funnel plots are relatively symmetrical
for both OS (Fig 6) and PFS (Fig 7), and since the asymmetry is not pronounced, it is not likely
that the amount of publication bias is substantial.

Discussion

Bevacizumab is a drug that targets vascular endothelial growth factor and, as such, is widely
investigated in clinical trials with cancer patients. Studies that included patients with metastatic
colorectal cancer have tested it alongside different chemotherapy protocols, and this research
yielded various results. These variations could find a possible explanation in studies’ settings,
their methodological quality and in interactions of bevacizumab with chemotherapeutic agents.
Our meta-analysis showed that the addition of bevacizumab to chemotherapy in patients with
metastatic colorectal cancer prolongs overall survival and progression free survival.
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Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.1.1Phase ll
Kabbinavar, 2003 -0.367 009 10.7% 0.69[0.58, 0.83]
Moehler, 2009 -0.407 0.41 1.7% 0.67 [0.30,1.49]
Kabbinavar, 2005 -0.2423 01722 63% 0.78[0.56,1.10] —
Subtotal (95% Cl) 18.6% 0.71[0.61, 0.83]

Heterogeneity: Tau®= 0.00; Chi*= 0.44, df= 2 (P=0.80); F=0%
Test for overall effect: Z= 4.38 (P < 0.0001)

1.1.2 Phase lll

Cunningham, 2013 -0.196 015 7.2% 0.82[0.61,1.10]
Giantonio, 2007 -0.265 009 10.7% 0.77 [0.64,0.92]
Guan, 2011 -0.6047 0.21 4.9% 0.55[0.36, 0.82]
Hurwitz, 2005 -0.275 018  59% 0.76 [0.53,1.08]
Stathopoulos, 2010 0.5 017  6.3% 1.65(1.18, 2.30]
Tehutt, 201011 -0.153 014  7.7% 0.86 [0.65,1.13]
Tebutt, 20101l -0.056 014 7.7% 0.95[0.72,1.24)
Passardi, 2015 -0.10268 00997 101% 0.90[0.74,1.10]
Saltz, 2008 FOLFOX-4 -0.06 01 10.0% 0.94[0.77,1.15]
Saltz, 2008 XELOX -017 009 10.7% 0.84 [0.71,1.01]
Subtotal (95% Cl) 81.4% 0.88[0.77,0.99]

Heterogeneity: Tau®= 0.02; Chi*= 22.96, df=9 (P = 0.006); F=61%
Test for overall effect: Z= 2.06 (P = 0.04)

Total (95% Cl) 100.0% 0.84[0.76, 0.94]

o ol }H dil

Heterogeneity: Tau®= 0.02; Chi®= 28.90, df=12 (P = 0.004); F= 58%
Test for overall effect: Z=2.96 (P = 0.003)
Test for subaroup differences: Chi*= 4.33, df=1 (P=0.04), F=76.9%

o+
(8]

\
t
0.5
Favours hevacizumab

2 5
Favours chemotherapy

Fig 3. Meta-analysis of overall survival data by trial phase. Abbreviations: SE = Standard Error; 95% Cl = 95%
Confidence Interval; Chi? = Chi-squared test; df = degree of freedom; Tau’= Tau-squared; P=l- squared; P = Probability.

doi:10.1371/journal.pone.0161912.9003

predefined criteria. The effect of bevacizumab on survival in patients with various cancer locali-

zations, compared to control treatment, was assessed in meta-analyses [35,36-38] which
showed that the use bevacizumab in patients with metastatic colorectal cancer was linked with

Hazard Ratio

Study or Subgroup  log[Hazard Ratio] SE Weight IV, Random, 95% Cl

Hazard

Ratio

IV, Random, 95% CI

2.1.1Phase ll

Kahbinavar, 2003 -0.6162 0.2431 5.3% 0.54[0.33,0.89]
Kabhinavar, 2005 -0.6931 01968 7.0% 0.50[0.34,0.74]
Moehler, 2008 -0.3438 0.3411 3.4% 0.71[0.36,1.38]
Subtotal (95% CI) 15.7% 0.54[0.41,0.72]

Heterogeneity: Tau®= 0.00; Chi*= 0.79, df= 2 (P = 0.67), F=0%
Testfor overall effect: Z= 4.34 (P < 0.0001)

2.1.2 Phase lll

Cunningham, 2013 -0.6349 01328 99% 0.53[0.41,0.69]
Giantonio, 2007 -0.4943 01502  9.0% 0.61[0.45,0.82]
Guan, 2011 -0.821 0.2495 53% 0.44[0.27,0.72)
Hurwitz, 2004 -0.6162 01873  7.4% 0.54 [0.37,0.79]
Hurwitz, 2005 -0.1508 01852 7.4% 0.86 [0.60,1.24]
Passardi, 2015 -0.1508 01082 11.2% 0.86 [0.70,1.06]
Saltz, 2008 -0.1863 0.0707 13.1% 0.83[0.72,0.99]
Tebutt, 20101 -0.4716 01188 10.6% 0.62[0.49,0.79]
Tebutt, 201011 -0.5852 01203 10.5% 0.56 [0.44,0.71]
Subtotal (95% CI) 84.3% 0.65 [0.56, 0.76]

Heterogeneity: Tau*= 0.04; Chi*= 25.81, df=8 (P = 0.001); F= 69%
Test for overall effect: Z=5.40 (P = 0.00001)

Total (95% CI) 100.0% 0.64 [0.55, 0.73]

’+++HHH

¢

o1

Heterogeneity: Tau®= 0.03; Chi*= 29.46, df=11 (P = 0.002); F=63% l[] 01
Test for overall effect: Z= 6.37 (P < 0.00001) :
Test for subaroup differences: Chi*=1.26, df=1 (P = 0.26), F= 20.8%

.
}
0.1
Favours hevacizumah

10 100

Favours chemotherapy

Fig 4. Meta-analysis of progression free survival data by trial phase. Abbreviations: SE = Standard Error; 95% Cl = 95%
Confidence Interval; Chi® = Chi-squared test; df = degree of freedom; Tau? = Tau-squared; I2 = |- squared; P = Probability.

doi:10.1371/journal.pone.0161912.9g004
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Fig 6. Funnel plot for publication bias assessment regarding overall survival. Abbreviation: SE = Standard
Error.
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Fig 7. Funnel plot for publication bias assessment regarding progression-free survival. Abbreviation: SE = Standard
Error.

doi:10.1371/journal.pone.0161912.9007
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