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Abstract

Background: With the wide application of targeted drug therapies, the relevance of prognostic and predictive
markers in patient selection has become increasingly important. Bevacizumab is commonly used in combination
with chemotherapy in the treatment of metastatic colorectal cancer. However, there are currently no predictive or
prognostic biomarkers for bevacizumab. Several clinical studies have evaluated bevacizumab-induced hypertension
in patients with metastatic colorectal cancer. This meta-analysis was performed to better determine the association
of bevacizumab-induced hypertension with outcome in patients with metastatic colorectal cancer, and to assess
whether bevacizumab-induced hypertension can be used as a prognostic factor in these patients.

Methods: We performed a systematic review and meta-analysis on seven published studies to investigate the
relationship between hypertension and outcome of patients with metastatic colorectal cancer treated with
bevacizumab. Our primary endpoint was progression-free survival (PFS). Secondary endpoints were overall survival
(OS) and overall response rate (ORR). Hazard ratios (HRs) for PFS and OS were extracted from each trial, and the log
of the relative risk ratio (RR) was estimated for ORR.

Results: The occurrence of bevacizumab-induced hypertension in patients was highly associated with
improvements in PFS (HR = 0.57, 95% CI: 0.46–0.72; P <0.001), OS (HR = 0.50; 95% CI: 0.37–0.68; P <0.001), and
ORR (RR = 1.57, 95% CI: 1.07–2.30, P <0.05), as compared to patients without hypertension.

Conclusions: Bevacizumab-induced hypertension may represent a prognostic factor in patients with metastatic
colorectal cancer.
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Background
Colorectal cancer (CRC) is the fourth most common ma-
lignancy, and the second most frequent cause of cancer-
related death in the United States, given that as many as
20–25% of patients have already developed metastases at
initial diagnosis [1]. Vascular endothelial growth factor
(VEGF) is the major factor involved in tumor angiogenesis
[2]. It promotes endothelial cell survival, migration, and
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permeability, and stimulates the growth of blood vessels
supplying the tumor. Poor prognosis and an increased re-
lapse rate are often correlated with angiogenesis and in-
creased blood vessel density in the primary tumor. Thus,
anti-angiogenesis is a major topic of current research.
The VEGF signaling pathway is a target for cancer

therapy. A recombinant humanized monoclonal antibody
against VEGF, bevacizumab, has been developed to treat
metastatic CRC (mCRC), breast cancer, non-squamous
non-small cell lung cancer, renal cell carcinoma, ovarian
cancer, glioblastoma, and metastatic melanoma [3-11].
Treatment with bevacizumab, however, is associated
with various adverse reactions such as gastrointestinal
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perforations, wound healing complications, hemorrhage,
arterial thrombotic events, infection, proteinuria, and
hypertension. Nevertheless, the benefits of bevacizumab
treatment may still outweigh potential adverse events [12].
Furthermore, bevacizumab has been demonstrated to be
relatively safe in association with either irinotecan [13] or
oxaliplatin-containing chemotherapy regimens [14], while
its specific toxicity profile appears manageable by applying
appropriate clinical selection criteria [15].
As mentioned above, arterial hypertension is a com-

mon side effect of bevacizumab treatment usually easily
managed by standard anti-hypertensive therapy. Interest-
ingly, many clinical trials have found that patients with
mCRC treated with bevacizumab who developed hyper-
tension had a better prognosis than those without hyper-
tension [16-22]. These results were obtained through
retrospective analysis of a relatively small dataset, but
the findings are statistically significant and supported by
other studies [6]. Throughout the course of treatment
for mCRC, hypertension severity can be evaluated ob-
jectively and thus may be useful when making an early
decision on whether to alter the course of disease treat-
ment. The potential advantages of such a predictor in-
clude the ability to estimate the efficacy and activity of
anti-VEGF agents in patients with mCRC.
Thus, the purpose of this study was to perform a sys-

tematic review and conduct a meta-analysis to determine
if the occurrence of hypertension is a prognostic factor
of response and survival for bevacizumab treatment in
patients with mCRC.

Methods
Data sources
The study was performed using a pre-specified search
strategy with a strict eligibility criteria. We did an exten-
sive search of PubMed to retrieve relevant literature that
reported the predictive value of hypertension regarding
response and/or progression and/or survival in mCRC
patients treated with bevacizumab. The search end date
was January 2013, with no specified start date. Search
term combinations were “bevacizumab”, “avastin”, and
“hypertension” in all fields. There were no limits for lan-
guage, methodological characteristics, or year of publica-
tion. All reference lists from the relevant articles and
reviews were also examined for additional eligible stud-
ies. This study is approved by the Ethic Commity of
Cancer Center of Union Hospital. And written informed
consent was obtained from the patient for the publica-
tion of this report and any accompanying images.

Selection of studies
Two reviewers (JC, HM) independently carried out a lit-
erature search and examined the relevant studies for fur-
ther assessment. The reference lists of all traced articles
were examined manually. Citations selected from this
initial search were subsequently screened for eligibility
using the following criteria: i) patients with mCRC; ii)
combined chemotherapy with bevacizumab, irrespective
of chemotherapy used; iii) studies involving the use of
other targeted agents were excluded to avoid bias related
to drug interactions; iv) curative effect comparison be-
tween bevacizumab-induced hypertension arm with no
hypertension arm; v) data available for analysis including
the incidence of hypertension and sample size.

Primary and secondary outcomes
The primary outcome was progression-free survival (PFS),
defined as the time between randomization and any pro-
gression or death from any cause, in relation to the severity
of hypertension in patients treated with bevacizumab. Sec-
ondary endpoints were overall survival (OS), the time be-
tween randomization and any death, and overall response
rate (ORR), the sum of partial and complete response rates
according to the Response Evaluation Criteria in Solid Tu-
mors [23] with hypertension occurrence as a predictor.
Hypertension was graded according to the National Cancer
Institute Common Terminology Criteria [24] for Adverse
Events (version 3.0, 2003). Grade 1 toxicity is defined as an
asymptomatic, transient increase (<24 h) greater than
20 mmHg diastolic or to greater than 150/100 mmHg.
Grade 2 is recurrent or persistent (>24 h) or a symptomatic
increase greater than 20 mmHg diastolic or to greater than
150/100 mmHg. Grade 3 is hypertension requiring ther-
apy or more intensive therapy than previously provided.
Grade 4 is a hypertensive crisis. Outcomes or responses
were evaluated by either a comparison between no-
hypertension (G0) and all grades of hypertension (G1–
4), or a comparison between low-grade hypertension
(G0–1) and high-grade hypertension (G2–4), depending
on the data available.

Data extraction
Two reviewers (JC, HM) retrieved data independently
and reached a consensus on all examined items. The fol-
lowing information was retrieved: first author, year of
publication, number of patients, number of patients eli-
gible for response, and median OS, PFS, ORR, and haz-
ard ratio (HR). For trials included in this meta-analysis,
if the log HR and its variance were not explicitly pre-
sented, the methods reported by Parmar et al. [25] were
used to extract estimates of these statistics. In the case
of any disagreement between the two reviewers, a third
reviewer (DCZ) would review the data, and the results
were attained by consensus. We contacted the authors
of trials for the missing data when necessary. Data of
study characteristics (concurrent treatment, number of
patients, bevacizumab dose, and publication time) and
clinical endpoints (PFS, OS, ORR) were then retrieved.



Table 1 Characteristics of the seven selected studies

Author/year [Ref.] Line of treatment Bevacizumab
dose

No. of
patients

Median PFS (m) Median OS (m) ORR (%)

HTN vs. No HTN HTN vs. No HTN HTN vs. No HTN

Scartozzi M/2009 [20] First-line 5 mg/kg/2w 39 14.5 vs. 3.1 NA vs. 15.1 75% vs. 32%

Rebekah/2009 [21] First-line NA 52 NA vs. NA NA vs. NA NA vs. NA

De Stefano/2011 [19] First-line 5 mg/kg/2w or
7.5 mg/kg/3w

74 15.1 vs. 8.3 35.5 vs. 26.7 84.6% vs. 42.6%

Osterlund P/2011 [17] First- or second-line 5 mg/kg/2w 101 10.5 vs. 5.3 25.8 vs. 11.7 52.6% vs. 45.5%

Horinouchi Y/2011 [18] First-line NA 36 16.25 vs. 10 NA vs. NA 60% vs. 23.1%

Dewdney A/2011 [22] First-line 7.5 mg/kg/3w 45 NA vs. NA NA vs. NA 71% vs. 78%

Tahover E/2013 [16] First- or second-line 2. 5 mg/kg/w 181 29.9 vs. 17.2 NA vs. 36.8 NA vs. NA

ORR: Overall response rate; NA: Information not available; PFS: Progression-free survival; OS: Overall survival; HTN: Hypertension group; N0 HTN: No hypertension.

N=520 records 
identified 
through 
database searching

385 studies were excluded, 
because they were not related to 
the study of colorectal cancer

N=135 records 
screened

N=8 full text 
articles assessed for 
eligibility

127 articles were excluded, 
because they did not compare 
the presence of hypertension 
and effect of Bevacizumab.

N=7 studies included 
in quantitative 
synthesis

1 article was excluded, because 
it also related to other tumors

Figure 1 Study flow diagram.
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Figure 2 Forest plot for meta-analysis of hypertension occurrence and progression-free survival.
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Data analysis and statistical methods
We calculated relative risk ratios (RRs) and confidence
interval (CI) for ORR relating to hypertension severity in
patients with bevacizumab-induced hypertension versus
controls in the same trial. If the study reported HRs for
survival in patients with G0 vs. G1 or higher-grade hyper-
tension, then the comparison was made for the higher
grade of hypertension (for example G0 vs. G2 or G3 [or
G3–4]). Otherwise, if no other subgroups were reported,
the comparison was performed for G0 vs. G1–4 hyperten-
sion. HRs were extracted from each trial for PFS and OS,
and the log of relative RR was estimated for ORR, and
95% CIs were derived. The HR of each study was either
Overall  (I-squared = 21.9%, p = 0.275)

De Stefano A (2011)

Study

ID

Dewdney A (2012)

Osterlund P (2011)

Ryanne Wu R (2009)

Tahover E (2013)

1.0847 1

Figure 3 Forest plot for meta-analysis of hypertension occurrence an
directly collected from the original article, or calculated as
suggested by Parmar [25] and Tierney [26]. The number
of events (ORRs) was extracted from each study or calcu-
lated from the percentages provided.
A meta-analysis of both RRs and HRs was performed,

and both fixed-effect and random-effect models were
considered depending on the heterogeneity of the in-
cluded studies. Statistical heterogeneity among trials in-
cluded in the meta-analysis was assessed by using the
Cochran Q statistic, and inconsistency was quantified
with the I2 statistic that estimates the percentage of total
variation across studies due to heterogeneity rather than
chance [27]. When substantial heterogeneity was not
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d overall survival.



NOTE: Weights are from random effects analysis
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Figure 4 Forest plot for meta-analysis of hypertension occurrence and risk ratio.
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observed, the pooled estimate was calculated based on
the fixed-effects model using the inverse variance method.
Otherwise, the pooled estimate was calculated based on
the random-effects model using the DerSimonian and
Laird method [28].
Publication bias was evaluated using funnel plots for

RR (plots of study results against precision), and with
the Begg’s [29] and Egger’s [30] tests. Additionally, sensi-
tivity analyses were performed to assess the influence of
each study on overall estimate for RR by sequential re-
moval of individual studies. A HR of less than one and a
RR value of more than one meant a benefit for patients
with bevacizumab-induced hypertension. A two-tailed
Figure 5 Funnel plot for progression-free survival meta-analysis.
P value <0.05 was considered statistically significant. All
statistical analyses were performed using STATA version
11.0 software (STATA, College Station, TX, USA).

Results
There were 520 publications retrieved from the PubMed
search. Among them, seven met the inclusion criteria for
this review. The study flow diagram is shown in Figure 1.
The main characteristics of the included articles (author/
year, reference, line of treatment, bevacizumab dose, num-
ber of patients, PFS, OS, ORR) are presented in Table 1.
Patients were enrolled according to pre-specified eligibility
criteria for each trial. Data regarding the predictive role of



Figure 6 Funnel plot for overall survival meta-analysis.
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hypertension for PFS were available for all seven studies.
Secondary outcome data, i.e., OS and ORR, were available
for five studies, respectively.

Efficacy
Median PFS
The occurrence of hypertension induced by bevacizu-
mab resulted in a statistically significant improvement in
PFS compared with no hypertension (HR = 0.57; 95% CI:
Figure 7 Funnel plot for overall response rate meta-analysis.
0.46–0.72, P <0.001; heterogeneity χ2 = 1.45, P for het-
erogeneity = 0.963; I2 = 0.0%) (Figure 2). There was no
heterogeneity between trials.

Median OS
Among the seven trials selected, five [16,17,19,21,22] in-
cluded relevant data. The pooled analysis showed that
the occurrence of hypertension induced by bevacizumab
also resulted in a statistically significant improvement in
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OS compared with no hypertension (HR = 0.50; 95% CI:
0.37–0.68, P <0.001; heterogeneity χ2 = 5.12, P for het-
erogeneity = 0.275; I2 = 21.9%) (Figure 3). Once again,
there was no heterogeneity between trials.
ORR
Two studies [16,21] did not access this outcome, and
were thus excluded from the analysis. The remaining
five studies [17-20,22] contained pertinent data. Analysis
indicated hypertension induced by bevacizumab was as-
sociated with an increase in ORR (RR = 1.57, 95% CI:
1.07–2.30, P <0.05) (Figure 4). Because heterogeneity
was significant between trials (I2 = 63.7%, P = 0.026), a
combined effects model was used. Funnel plots and the
Egger’s test were used to assess publication bias. As
reflected in Figures 5, 6, and 7, the shape of the funnel
plots appeared symmetrical.
Discussion
Bevacizumab is widely used as a standard treatment for
mCRC; the combined treatment of chemotherapy and
bevacizumab has significantly increased the PFS and OS
in patients with mCRC. Arterial hypertension is the most
common side effect of bevacizumab plus chemotherapy
treatment, with an overall incidence of 22–32%, and grade
3/4 events in 11–16% of patients [31,32]. While the
hypertension-causing mechanism of bevacizumab is un-
clear, it is fortunate that bevacizumab-induced hyperten-
sion rarely induces severe or life-threatening outcomes.
To date, no specific predictive or prognostic biomarkers
for bevacizumab treatment have been identified. Some
studies have suggested that bevacizumab-induced hyper-
tension could represent a valuable prognostic factor of
clinical outcome in advanced-stage CRC patients [16-21].
Thus, it would be interesting to see if hypertension could
be a predictive factor in patients with mCRC.
To our knowledge, this is the first meta-analysis that

systematically evaluates the correlation of hypertension
with survival and response in mCRC patients treated
with bevacizumab. Our results indeed demonstrate that
bevacizumab-induced hypertension in mCRC patients is
significantly associated with PFS and OS. Also, our meta-
analysis indicate that the occurrence of hypertension in-
duced by bevacizumab is associated with a statistically
significant improvement in ORR, in line with previous
studies [19,20].
An outstanding benefit of our study is that patients

who are more suitable to bevacizumab treatment could
eventually be screened and selected for targeted therapy.
Furthermore, it would be of extreme benefit to the fight
against cancer if these results were comparable with the
outcomes of anti-EGFR monoclonal antibody and KRAS
status in CRC [33,34].
Conclusions
Caution is certainly needed before we may conclude that
bevacizumab-induced hypertension is a reliable bio/clin-
ical marker for early screening and diagnosis of patients
with mCRC due to the limitation on available data and
the relatively small sample size of our study. However, our
results should undoubtedly lead to larger sample size,
multiple-center clinical studies as well as analyses to
further elucidate the correlation between bevacizumab-
induced hypertension and mCRC. Thus, feasible and
efficient methods to diagnose and treat patients with
mCRC at earliest possible stages could be developed.

Abbreviations
CRC: Colorectal cancer; CI: Confidence interval; HR: Hazard ratio;
mCRC: Metastatic CRC; ORR: Overall response rate; OS: Overall survival;
PFS: Progression-free survival; RR: Risk ratio; VEGF: Vascular endothelial
growth factor.

Competing interests
The authors report no conflicts of interest. The authors alone are responsible
for the content and writing of the paper.

Authors’ contributions
JC and HM are co-first authors. All authors read and approved the final
manuscript.

Acknowledgement
Thanks for the support from the third-party Sciedit for this manuscript, and
the editing by Joe Barber from Sciedit, which was provided by Shanghai
Roche Pharmaceuticals Limited.

Author details
1Tongji Medical College, Cancer Center of Union Hospital, Huazhong
University of Science and Technology, Wuhan, Hubei 430022, PR China.
2Department of Oncology, First Affiliated Hospital of Yangtze University,
JingZhou, Hubei 44300, PR China.

Received: 27 June 2013 Accepted: 9 November 2013
Published: 28 November 2013

References
1. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Murray T, Thun MJ: Cancer statistics,

2008. CA Cancer J Clin 2008, 58:71–96.
2. Folkman J: Role of angiogenesis in tumor growth and metastasis. Semin

Oncol 2002, 29:15–18.
3. Tillmanns TD, Lowe MP, Walker MS, Stepanski EJ, Schwartzberg LS: Phase II

clinical trial of bevacizumab with albumin-bound paclitaxel in patients
with recurrent, platinum-resistant primary epithelial ovarian or primary
peritoneal carcinoma. Gynecol Oncol 2013, 128:221–228.

4. Lombardi G, Zustovich F, Farina P, Fiduccia P, Della Puppa A, Polo V,
Bertorelle R, Gardiman MP, Banzato A, Ciccarino P, Denaro L, Zagonel V:
Hypertension as a biomarker in patients with recurrent glioblastoma
treated with antiangiogenic drugs: a single-center experience and a crit-
ical review of the literature. Anticancer Drugs 2013, 24(1):90–97.

5. Lang I, Brodowicz T, Ryvo L, Kahan Z, Greil R, Beslija S, Stemmer SM,
Kaufman B, Zvirbule Z, Steger GG, Melichar B, Pienkowski T, Sirbu D,
Messinger D, Zielinski C, Central European Cooperative Oncology Group:
Bevacizumab plus paclitaxel versus bevacizumab plus capecitabine as
first-line treatment for HER2-negative metastatic breast cancer: interim
efficacy results of the randomised, open-label, non-inferiority, phase 3
TURANDOT trial. Lancet Oncol 2013, 14:125–133.

6. Mir O, Coriat R, Cabanes L, Ropert S, Billemont B, Alexandre J, Durand JP,
Treluyer JM, Knebelmann B, Goldwasser F: An observational study of
bevacizumab-induced hypertension as a clinical biomarker of antitumor
activity. Oncologist 2011, 16:1325–1332.

7. Rini BI, Michaelson MD, Rosenberg JE, Bukowski RM, Sosman JA, Stadler
WM, Hutson TE, Margolin K, Harmon CS, DePrimo SE, Kim ST, Chen I,



Cai et al. World Journal of Surgical Oncology 2013, 11:306 Page 8 of 8
http://www.wjso.com/content/11/1/306
George DJ: Antitumor activity and biomarker analysis of sunitinib in
patients with bevacizumab-refractory metastatic renal cell carcinoma.
J Clin Oncol 2008, 26:3743–3748.

8. Hasenohrl N: Bevacizumab in the first-line therapy of advanced NSCLC.
Wien Med Wochenschr 2007, 157:576–578. Article in German.

9. Giantonio BJ, Catalano PJ, Meropol NJ, O'Dwyer PJ, Mitchell EP, Alberts SR,
Schwartz MA, Benson AB 3rd, Eastern Cooperative Oncology Group Study
E3200: Bevacizumab in combination with oxaliplatin, fluorouracil, and
leucovorin (FOLFOX4) for previously treated metastatic colorectal cancer:
results from the Eastern Cooperative Oncology Group Study E3200. J Clin
Oncol 2007, 25:1539–1544.

10. Billemont B, Meric JB, Izzedine H, Taillade L, Sultan-Amar V, Rixe O: Angio-
genesis and renal cell carcinoma. Bull Cancer 2007, 94:S232–240. Article in
French.

11. Schuster C, Eikesdal HP, Puntervoll H, Geisler J, Geisler S, Heinrich D, Molven
A, Lønning PE, Akslen LA, Straume O: Clinical efficacy and safety of
bevacizumab monotherapy in patients with metastatic melanoma:
predictive importance of induced early hypertension. PLoS One 2012,
7:e38364.

12. Galfrascoli E, Piva S, Cinquini M, Rossi A, La Verde N, Bramati A, Moretti A,
Manazza A, Damia G, Torri V, Muserra G, Farina G, Garassino MC, ORION
Collaborative Group: Risk/benefit profile of bevacizumab in metastatic
colon cancer: a systematic review and meta-analysis. Dig Liver Dis 2011,
43:286–294.

13. Fuchs CS, Marshall J, Barrueco J: Randomized, controlled trial of irinotecan
plus infusional, bolus, or oral fluoropyrimidines in first-line treatment of
metastatic colorectal cancer: updated results from the BICC-C study.
J Clin Oncol 2008, 26:689–690.

14. Hochster HS, Hart LL, Ramanathan RK, Childs BH, Hainsworth JD, Cohn AL,
Wong L, Fehrenbacher L, Abubakr Y, Saif MW, Schwartzberg L, Hedrick E:
Safety and efficacy of oxaliplatin and fluoropyrimidine regimens with or
without bevacizumab as first-line treatment of metastatic colorectal can-
cer: results of the TREE study. J Clin Oncol 2008, 26:3523–3529.

15. Van Cutsem E, Rivera F, Berry S, Kretzschmar A, Michael M, DiBartolomeo M,
Mazier MA, Canon JL, Georgoulias V, Peeters M, Bridgewater J, Cunningham
D, First BEAT investigators: Safety and efficacy of first-line bevacizumab
with FOLFOX, XELOX, FOLFIRI and fluoropyrimidines in metastatic colo-
rectal cancer: the BEAT study. Ann Oncol 2008, 20:1842–1847.

16. Tahover E, Uziely B, Salah A, Temper M, Peretz T, Hubert A: Hypertension as
a predictive biomarker in bevacizumab treatment for colorectal cancer
patients. Med Oncol 2013, 30:327.

17. Osterlund P, Soveri LM, Isoniemi H, Poussa T, Alanko T, Bono P:
Hypertension and overall survival in metastatic colorectal cancer
patients treated with bevacizumab-containing chemotherapy. Br J Cancer
2011, 104:599–604.

18. Horinouchi Y, Sakurada T, Nakamura T, Tajima S, Nishisako H, Abe S, Teraoka
K, Kujime T, Kawazoe K, Minakuchi K: Hypertension as a predictive factor
of effect of bevacizumab in treatment of colorectal cancer. Yakugaku
Zasshi 2011, 131:1251–1257. Article in Japanese.

19. De Stefano A, Carlomagno C, Pepe S, Bianco R, De Placido S: Bevacizumab-
related arterial hypertension as a predictive marker in metastatic colorectal
cancer patients. Cancer Chemother Pharmacol 2011, 68:1207–1213.

20. Scartozzi M, Galizia E, Chiorrini S, Giampieri R, Berardi R, Pierantoni C,
Cascinu S: Arterial hypertension correlates with clinical outcome in
colorectal cancer patients treated with first-line bevacizumab. Ann Oncol
2011, 20:227–230.

21. Ryanne Wu R, Lindenberg PA, Slack R, Noone AM, Marshall JL, He AR:
Evaluation of hypertension as a marker of bevacizumab efficacy.
J Gastrointest Cancer 2009, 40:101–108.

22. Dewdney A, Cunningham D, Barbachano Y, Chau I: Correlation of
bevacizumab-induced hypertension and outcome in the BOXER study, a
phase II study of capecitabine, oxaliplatin (CAPOX) plus bevacizumab as
peri-operative treatment in 45 patients with poor-risk colorectal liver-
only metastases unsuitable for upfront resection. Br J Cancer 2011,
106:1718–1721.

23. Therasse P, Arbuck SG, Eisenhauer EA, Wanders J, Kaplan RS, Rubinstein L,
Verweij J, Van Glabbeke M, van Oosterom AT, Christian MC, Gwyther SG:
New guidelines to evaluate the response to treatment in solid tumors.
European Organization for Research and Treatment of Cancer, National
Cancer Institute of the United States, National Cancer Institute of
Canada. J Natl Cancer Inst 2000, 92:205–216.
24. Trotti A, Colevas AD, Setser A, Rusch V, Jaques D, Budach V, Langer C,
Murphy B, Cumberlin R, Coleman CN, Rubin P: CTCAE v3.0: development
of a comprehensive grading system for the adverse effects of cancer
treatment. Semin Radiat Oncol 2003, 13:176–181.

25. Parmar MK, Torri V, Stewart L: Extracting summary statistics to perform
meta-analyses of the published literature for survival endpoints. Stat Med
1998, 17:2815–2834.

26. Tierney JF, Stewart LA, Ghersi D, Burdett S, Sydes MR: Practical methods for
incorporating summary time-to-event data into meta-analysis.
Trials 2007, 2:16.

27. Higgins JP, Thompson SG, Deeks JJ, Altman DG: Measuring inconsistency
in meta-analyses. BMJ 2003, 327:557–560.

28. DerSimonian R, Laird N: Meta-analysis in clinical trials. Control Clin Trials
1986, 7:177–188.

29. Begg CB, Mazumdar M: Operating characteristics of a rank correlation
test for publication bias. Biometrics 1994, 50:1088–1101.

30. Egger M, Davey Smith G, Schneider M, Minder C: Bias in meta-analysis de-
tected by a simple, graphical test. BMJ 1997, 315:629–634.

31. Kabbinavar F, Hurwitz HI, Fehrenbacher L, et al: Phase II, randomized trial
comparing bevacizumab plus fluorouracil (FU)/leucovorin (LV) with FU/
LV alone in patients with metastatic colorectal cancer. J Clin Oncol 2003,
21:60–65.

32. Hurwitz H, Fehrenbacher L, Novotny W, Meropol NJ, Novotny WF,
Lieberman G, Griffing S, Bergsland E: Bevacizumab plus irinotecan,
fluorouracil, and leucovorin for metastatic colorectal cancer. N Engl J Med
2004, 350:2335–2342.

33. Karapetis CS, Khambata-Ford S, Jonker DJ, O'Callaghan CJ, Tu D, Tebbutt NC,
Simes RJ, Chalchal H, Shapiro JD, Robitaille S, Price TJ, Shepherd L, Au HJ,
Langer C, Moore MJ, Zalcberg JR: K-ras mutations and benefit from cetuxi-
mab in advanced colorectal cancer. N Engl J Med 2008, 359:1757–1765.

34. Schneider BP, Wang M, Radovich M, Sledge GW, Badve S, Thor A, Flockhart
DA, Hancock B, Davidson N, Gralow J, Dickler M, Perez EA, Cobleigh M,
Shenkier T, Edgerton S, Miller KD, ECOG 2100: Association of vascular
endothelial growth factor and vascular endothelial growth factor
receptor-2 genetic polymorphisms with outcome in a trial of paclitaxel
compared with paclitaxel plus bevacizumab in advanced breast cancer:
ECOG 2100. J Clin Oncol 2008, 26:4672–4678.

doi:10.1186/1477-7819-11-306
Cite this article as: Cai et al.: Correlation of bevacizumab-induced hyper-
tension and outcomes of metastatic colorectal cancer
patients treated with bevacizumab: a systematic review and meta-
analysis. World Journal of Surgical Oncology 2013 11:306.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data sources
	Selection of studies
	Primary and secondary outcomes
	Data extraction
	Data analysis and statistical methods

	Results
	Efficacy
	Median PFS
	Median OS
	ORR


	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgement
	Author details
	References

