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Abstract
Background: Guidelines show that for metastatic colorectal cancer (mCRC), 
a combination of three-drug regimens, fluorouracil, leucovorin, and oxaliplatin 
and bevacizumab (BVZ), is one of the first-line standard therapies. BVZ is gener-
ally well tolerated; however, it is associated with infrequent, life-threatening side 
effects such as severe hypertension (HTN) (5%–18%), Grade ≥3 arterial thrombo-
embolism (ATE) (2.6%), Grade ≥3 hemorrhagic events (1.2%–4.6%), and gastroin-
testinal perforation (0.3%–2.4%). This meta-analysis aims to evaluate the additive 
risk of BVZ-induced severe HTN and thromboembolism when BVZ is combined 
with a standard chemotherapy regime in patients with mCRC.
Methods: Our search was conducted from January 29, 2022, to February 22, 
2022, through databases of PubMed, clinicaltrial.gov, EMBASE, Web of Science, 
and Cochrane Library. Data analysis from randomized controlled trials (RCTs) 
and clinical trials was conducted using Review Manager V.5.4, comparing BVZ-
chemotherapy to chemotherapy only, focusing on cardiovascular AE such as 
HTN and arterial and venous thromboembolism.
Results: The analysis from 26 clinical trials and RCTs showed that the odds of 
HTN were about four times higher, and ATE subgroup analysis of 11 studies 
showed over two times higher odds of ATE in patients being treated with BVZ 
compared to the chemotherapy-only group.
Conclusion: BVZ, when added to the standard chemotherapy regimen for 
mCRC, was associated with higher odds of developing HTN and thromboem-
bolism, specifically ATE, than the chemotherapy-only group. Our findings are 
significant as they provide vital information in analyzing the risk–benefit ratio of 
adding BVZ to the standard chemotherapy regime in patients with mCRC, espe-
cially in patients with vascular comorbidities.
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1   |   INTRODUCTION

Colorectal cancer (CRC) is the second leading cause 
of death related to cancer (53,200) and the fourth most 
frequently diagnosed cancer (147,950) in 2020, per the 
American Cancer Society in the United States.7,11,59

Bevacizumab (BVZ), a recombinant humanized mono-
clonal IgG antibody directed against the human vascular 
endothelial growth factor (VEGF), is commonly used in 
frontline to later lines of treatment in advanced or meta-
static colorectal cancer (mCRC).1,6 BVZ inhibits endothe-
lial cell proliferation and neovascularization by inhibiting 
the interaction of VEGF with its receptors (Flt-1 and KDR) 
situated on the surface of endothelial cells and has a long 
half-life of 3–4 weeks.2 The connection between the vas-
cularization of tumors and metastasis has made VEGF the 
most important of several growth factors to regulate an-
giogenesis and a target for antineoplastic agents.8

BVZ was first approved by the FDA (Food and 
Drug Administration) to be used in combination with 
5-fluorouracil (5-FU) based chemotherapy in 2004.3 
Subsequently, multiple trials have also shown that BVZ 
combined with capecitabine, irinotecan, or oxaliplatin-
based chemotherapy improved progression-free survival 
and overall survival in patients with previously untreated 
mCRC.1,3,7,12 Adding BVZ to oxaliplatin, 5-FU, and leucov-
orin for patients with mCRC previously treated with che-
motherapy improves survival.13 Patients with mCRC, on 
average, are likely to be exposed to BVZ for a long duration 
in their overall treatment course.

Treatment guidelines for advanced or mCRC show 
that a cytotoxic combination of fluorouracil, leucovo-
rin, and oxaliplatin (FOLFOX) and a biologic, BVZ, is a 
standard first-line choice of therapy. Other valuable first-
line chemotherapy combinations may include irinotecan 
such as FOLFOXIRI (folinic acid, fluorouracil, oxalipla-
tin, and irinotecan) or FOLFIRI (folinic acid, fluoroura-
cil, and irinotecan) and are still often given together with 
BVZ.4,5,60 Subsequently, maintenance therapy with fluoro-
pyrimidine and third-line therapy with trifluridine/tipira-
cil often also include BVZ.14,15

Side effects of BVZ are often manageable; however, it 
is associated with occasional, life-threatening side effects 
such as severe hypertension (HTN) (5%–18%), Grade ≥3 
arterial thromboembolism (ATE) (2.6%), Grade ≥3 hem-
orrhagic events (1.2%–4.6%), delayed wound healing, and 
gastrointestinal perforation (0.3%–2.4%).1,16 The risk of 
ATE is higher in patients with preexisting cardiovascular 

risk factors or cardiovascular diseases, including myocar-
dial infarction, chronic heart failure, or stroke. The mech-
anism of BVZ's increased risk of ATE is not well studied, 
but some studies suggest that BVZ increases the risk by 
promoting inflammation and atherosclerotic instability, 
vasoconstriction by decreasing nitrous oxide production, 
and platelet aggregation and adhesion to vascular endo-
thelium by lowering endothelial cell renewal capacity.10

HTN of all grades has been reported in up to 36% of 
patients being treated with BVZ. In contrast, the reported 
incidence of high-grade HTN ranges from 1.8% to 22%, 
with up to 1% of events being grade 4 HTN. Unmanaged 
HTN can lead to cardiovascular complications, subarach-
noid hemorrhage, and encephalopathy. The prevailing hy-
pothesis for the mechanism of BVZ-induced HTN is the 
inhibition of VEGF-mediated vasodilation leading to an 
increase in vascular tone.9

As we observe an upward trend in using BVZ in the 
first-line treatment for patients with mCRC, it is import-
ant to analyze the side effects and potential toxicities that 
this drug can cause in this population. Earlier random-
ized controlled trials (RCTs) could not estimate the risk 
of thromboembolic toxicity with high precision due to low 
thromboembolic event rates. This meta-analysis aims to 
evaluate and assess the risk of BVZ-induced severe HTN 
and the odds of thromboembolic toxicity of BVZ, includ-
ing subgroup analysis of FOLFOX subgroup and arterial 
and venous thromboembolic events with BVZ in combi-
nation with most frequently used chemotherapy regimens 
compared to chemotherapy without BVZ in patients with 
mCRC.

2   |   METHODS

This meta-analysis of RCTs and clinical trials compared 
BVZ-chemotherapy to chemotherapy only, focusing on 
cardiovascular AE such as HTN and arterial and venous 
thromboembolism. The review was registered on Prospero 
under registration ID CRD42021246788.

2.1  |  Search criteria

A systematic search was conducted using meta-analyses 
of observational studies in epidemiology guidelines1 for 
clinical trials and RCTs of patients with colon cancer by 
using the following keyword/Medical Subject Headings 

K E Y W O R D S

bevacizumab, colorectal neoplasms, hypertension, thromboembolism
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(MeSH) terms: (("Bevacizumab"[Mesh]) AND "Colorectal 
Neoplasms"[Mesh]) AND (“Cardiology"[Mesh] OR 
"Heart Disease Risk Factors"[Mesh] OR "Cardiovascular 
Diseases"[Mesh]).

We included RCTs and other clinical trials from 1980 
to March 2022 with BVZ added to cytotoxic chemotherapy 
backbone for patients with CRC if adverse event reporting 
included cardiovascular side effects. Both adjuvant and 
metastatic settings were included. We excluded all stud-
ies where patients did not receive treatment with BVZ for 
CRC. We excluded review articles, meta-analyses, obser-
vational studies, or case series. Additionally, non-English 
literature, animal studies, and non-full text were excluded.

Our search was conducted from January 29, 2022, to 
February 22, 2022, through databases of PubMed, clini​
caltr​ial.​gov, EMBASE, Web of Science, and Cochrane 
Library. Abstracts were reviewed, after which full articles 
were checked for the availability of data on the cardiovas-
cular side effects of BVZ in patients with CRC. Studies in-
cluded in this meta-analysis used BVZ to treat CRC and 
reported side effects, including cardiovascular side effects. 
AD and DM independently screened all studies identified 
and simultaneously assessed full texts to check eligibility. 
Any disagreements were resolved through discussion with 
another reviewer (AC). A flow diagram depicting the lit-
erature search and study selection process has been de-
scribed in Figure 1.

2.2  |  Data extraction

We manually extracted the following variables from the 
included studies using prespecified data collection forms 

by two authors (NK and AK) with a common consensus 
on the disagreement of another author (AD). Quantitative 
data were extracted from collection forms to a Google 
spreadsheet. We collected the following characteristics 
in our study, including the first author's last name, date 
of publication, country, sample size, median age, sex, the 
dosage of BVZ, chemotherapy regimen, the incidence of 
grade 3 or 4 HTN, arterial and venous thromboembolism 
in BVZ treatment, and chemotherapy-only control groups. 
Separate subgroup analyses were performed to calculate 
the OR of HTN in the FOLFOX subgroup, arterial and ve-
nous thromboembolism.

Before inclusion in the review, two independent re-
viewers (AD and DM) assessed quantitative papers se-
lected for retrieval for methodological validity, utilizing 
standardized critical appraisal instruments by the Joanna 
Briggs Institute Meta-Analysis of Statistics Assessment 
and Review Instrument. Any reviewer disagreements 
were resolved with discussion or with a third reviewer 
(AC). In case, the study has more than one outcome com-
parison. In that case, data from the most severe outcome 
in the analysis were used to minimize the study's overall 
selection bias.

2.3  |  Statistical analysis

Dichotomous variables were calculated using the Mantel–
Haenszel formula to obtain ORs and their 95% CIs. It was 
used to analyze the relationship between BVZ and car-
diovascular side effects (grade 3 or 4 HTN, arterial and 
venous thromboembolism) compared to chemotherapy 
alone. Regardless of heterogeneity, random-effect models 

F I G U R E  1   Flow chart showing study 
selection algorithm.
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were used to estimate the combined effect and its preci-
sion to give a better conservative estimate of the ORs and 
95% CI.17

Chi-square and I2 tests evaluated heterogeneities 
across individual studies. The I2 statistic was utilized to 
analyze statistical heterogeneity. The I2 statistic of >50% 
was deemed significant heterogeneity. p-value < 0.05 was 
considered significant.

Data analysis was performed using Review Manager 
V.5.4 (The Nordic Cochrane Centre, The Cochrane 
Collaboration, Copenhagen, Denmark). To evaluate the 
effect of publication bias and heterogeneity by excluding 
outlying studies on the funnel plot, sensitivity analysis 

was performed. Funnel plots were visually assessed for 
publication bias.18

3   |   RESULTS

Of the 589 studies published as of March 2022, 31 RCTs 
and clinical trials were selected after excluding duplicates 
and irrelevant studies, including 17,599 patients in our 
study. All studies were deemed to be of moderate qual-
ity using the Cochrane risk-of-bias (RoB 2) tool. A total of 
9609 patients received adjuvant chemotherapy plus BVZ 
therapy, and 7990 received adjuvant chemotherapy alone.

T A B L E  1   Baseline characteristics of all patients included in the analysis.

PMID First author
Year of 
publication

Median age 
(years) BVZ + chemo (#)

Chemo 
only (#)

BVZ dosage 
(mg/kg)

17405901 Cohen, Martin H.2 2007 62 293 292 10

21959045 Guan, Zhong-Zhen3 2011 53 141 70 5

24028813 Cunningham, David30 2013 76 134 136 7.5

23168366 Bennouna, Jaafar31 2012 63 409 409 2.5

22039086 Price, Timothy J.32 2011 72 315 156 No data

12506171 Kabbinavar, Fairooz33 2003 NA 68 35 5 & 10

19414665 Allegra, Carmen J.34 2009 NA 1326 1321 5

32749938 Tang, Wentao35 2020 NA 121 120 5

27660192 Kerr, Rachel S.36 2016 NA 959 968 7.5

25735317 Passardi, Alessandro37 2015 66 176 194 5

25481673 Cao, Ranhua38 2015 62 65 77 10

24687833 Schwartzberg, Lee S.39 2014 61 143 142 5

23168362 Gramont, Aimery D.40 2012 58 2300 1151 5 & 7.5

22294255 Dotan, Efrat41 2012 59 12 11 7.5

17442997 Giantonio, Bruce J.42 2016 60.8 529 291 10

15908660 Hurwitz, Herbert I.43 2016 59.7 110 100 5

15738537 Kabbinavar, Fairooz F.44 2005 71.3 104 105 5

15175435 Hurwitz, Herbert45 2004 59.5 402 411 5

20798560 Stathopoulos, George P.46 2010 67 114 108 7.5

20516443 Tebbutt, Niall C.47 2010 67 315 156 7.5

28258825 Kapelakis, Ioannis48 2017 64.3 38 16 7.5

18421054 Saltz, Leonard B.49 2008 60 699 701 5 & 7.5

18640933 Hochster, Howard S.50 2008 61.5 213 147 5 & 7.5

19382200 Jackson, Nadine A.51 2009 65 115 274 5 & 7.5

19940012 Sharma, Sunil52 2010 62 16 14 1, 2 & 5

21189384 Kemeny, Nancy E.53 2011 NA 35 38 5

Madajewicz Madajewicz, Stefan54 2012 63 36 48 5

22219013 Stintzing, Sebastian55 2012 65 46 50 5

22965961 Schmoll, Hans-Joachim56 2012 60 713 709 5

23299530 Cunningham, David57 2013 NA 66 144 10

25088940 Heinemann, Volker58 2014 65 295 297 5

Abbreviation: NA, not available.
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Patients in this study had a mean age of 65 years. The 
proportion of the male population was 55%. The entire 
analysis control group had several guideline-directed 
chemotherapies, and the “FOLFOX subgroup analysis” 
control group focused on FOLFOX therapy alone. The 
baseline characteristics of all patients included in the 
analysis are listed in Table 1.

The analysis (Figure 2) pooled from 26 clinical trials, 
and RCTs showed that the odds of HTN were about four 
times higher (OR 3.82, 95% CI 3.35–4.36, p-value < 0.00001, 
I2 = 78%) in 9789 patients treated with BVZ (12.3%) than 
the 8018 patients in the control group (4%). Of the 26 
studies included in this analysis, 24 suggest higher odds 
of HTN, while 2 suggested lesser odds of HTN in the BVZ 
group than in the chemotherapy-only group.

In a subgroup analysis (Figure  3) of 12 studies 
with FOLFOX chemotherapy backbone, comparing 
BVZ + FOLFOX to FOLFOX, the odds of severe HTN were 
more than five times higher (OR 5.24, 95% CI 4.06–6.77, p-
value < 0.00001, I2 = 58%) in the 6596 patients of the BVZ 
group (8.6%) than 5226 patients in the FOLFOX group 
(3.1%).

A meta-analysis (Figure  4) of 29 clinical trials and 
RCTs suggests that the odds of thromboembolism in 9769 
patients managed with BVZ (8.2%) was about 34% higher 
(OR 1.34, 95% CI 1.20–1.51, p-value < 0.00001, I2 = 13%) 
than the 8164 patients in the control group (6.45%).

Further, we did a subgroup analysis to study the 
odds of ATE and VTE in the BVZ+ chemotherapy group 

versus chemotherapy only. In the ATE subgroup analysis 
(Figure  5), we included 11 studies comprising 5125 pa-
tients in the BVZ + Chemotherapy group and 3602 in the 
control group. Our analysis showed over two times higher 
odds of ATE (OR 2.14, 95% CI 1.45–3.15, p-value < 0.00001, 
I2 = 0%) in patients being treated with BVZ (2%) as com-
pared to the chemotherapy-only group (1%).

The third subgroup analysis (Figure  6) to study the 
odds of VTE included 18 studies comprising 6963 patients 
in the BVZ + Chemotherapy group and 5108 in the chemo-
only control group. We calculated that the odds of VTE in 
patients being treated with BVZ + Chemotherapy (6.55%) 
were around 1.3 times higher (OR 1.30, 95% CI 1.11–1.51, 
p-value < 0.0009, I2 = 31%) than the chemotherapy-only 
group (5.2%).

Heterogeneity among study results can be attributed 
to all stages of CRC being considered and comorbidities 
such as HTN, diabetes, ischemic heart disease, and previ-
ous cerebrovascular accident/TIA. Respective funnel plots 
have been added as supplementary data to assess the sym-
metry and potential risk of bias (Figures 7–11).

4   |   DISCUSSION

BVZ has been used to treat more than 1.56 million patients 
with mCRC worldwide.19 Previous RCTs have shown that 
BVZ, in combination with a standard cytotoxic regime, 
is safe to administer and without any significant risk of 

F I G U R E  2   Forest plot showing odds of HTN in the BVZ group versus chemo-only group. BVZ, bevacizumab; HTN, hypertension.
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added toxicities. Cardiovascular causes are the number 
one cause of mortality across the globe, and we need to 
prevent severe HTN and ATE-associated mortality with 
BVZ. Our meta-analysis is an up-to-date study of cardio-
vascular side effects of BVZ with the largest cohort of pa-
tients in the treatment and control groups, increasing the 
power of the analysis. We analyzed patients across multi-
ple subgroups, taking into account potential confounding 
factors, to obtain a more refined odds ratio for the given 
subgroup of patients.

We demonstrated that 12.3% of patients develop HTN, 
8.2% develop thromboembolism, and 2% develop ATE with 

BVZ when added to the standard chemotherapy regimen 
for mCRC. The critical findings in our systematic review 
and meta-analysis are as follows. First, BVZ was associ-
ated with about four times higher risk of developing HTN 
than the chemotherapy-only group. The FOLFOX sub-
group analysis, based on the regime used, demonstrated 
about five times higher odds of developing HTN (Grade 
3 or more) in the BVZ + FOLFOX group compared with 
the FOLFOX-only group. Our findings are supported by 
a previous meta-analysis that reported increased odds of 
HTN up to five times with BVZ used for CRC and other in-
dications.20–22 The proposed mechanism for BVZ-induced 

F I G U R E  3   Forest plot showing odds of HTN in the BVZ group versus FOLFOX-only subgroup. BVZ, bevacizumab; FOLFOX, 
fluorouracil, leucovorin, and oxaliplatin; HTN, hypertension.

F I G U R E  4   Forest plot showing odds of thromboembolism in the BVZ group versus chemo-only group. BVZ, bevacizumab.
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HTN, a well-known side-effect of the drug, is increased 
vascular resistance due to the inhibition of vasodilation 
mediated by vascular endothelial growth factor. However, 
it has yet to be established as the sole factor for this effect.9

Our study gives the precise odds of developing grade 
3–4 HTN with BVZ, which is essential because, in the 
literature, a few cases of hypertensive crisis with en-
cephalopathy and subarachnoid hemorrhage have been 
reported.24–26 The current AHA guidelines recommend 
initiation or up-titration of treatment for secondary HTN 
due to angiogenesis inhibition by BVZ.23 An earlier study 
has shown that temporary discontinuation of BVZ can 
bring the blood pressure level to pretreatment levels,28 
and such a temporary hold is recommended in cases of re-
fractory HTN on the maximum tolerated antihypertensive 
regime and hypertensive emergency.27 Prevention and 

management of BVZ-specific HTN is an important aspect 
of best supportive care during the active treatment phase 
for mCRC.

Second, the odds of thromboembolism in patients 
managed with BVZ were over 30% higher than in the con-
trol group. Our meta-analysis demonstrates a significant 
arterial thromboembolic risk of BVZ when added to the 
advanced CRC treatment standard regime. We found that 
the odds of getting ATE with BVZ were over two times 
higher than the chemotherapy-only control groups. These 
results affirm the manufacturer's ATE claims and are an 
area of further research.27 Previously, studies have tried 
to evaluate the prophylactic role of aspirin in preventing 
ATE in patients receiving BVZ but could not conclude.28 
Establishing guidelines to anti-coagulate patients get-
ting BVZ should be studied. Preventing ATE is crucial in 

F I G U R E  5   Forest plot showing odds of ATE in the BVZ group versus chemo-only group. ATE, arterial thromboembolism; BVZ, 
bevacizumab.

F I G U R E  6   Forest plot showing odds of VTE in the BVZ group versus chemo-only group. BVZ, bevacizumab.
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improving the morbidity and mortality associated with 
BVZ treatment.

Our study had several limitations: Firstly, RCTs keep 
strict inclusion and exclusion criteria. Only patients with 
appropriate major organ functions are included in these 
trials; therefore, actual patients may not be represented 
by the results of this meta-analysis, and our results may 
not be applicable to the general population in daily prac-
tice. Second, although all the studies included RCT, there 
was a significant difference in the timing and the primary 

endpoint. The follow-up time is different from study to 
study, and there might be unreported events of HTN and 
thromboembolism after the study was concluded. Third, 
the studies included in our analysis were heterogeneous 
regarding patient characteristics across the studies. 
Fourth, potential differences among the trials may exist 
as HTN events are collected for each individual trial, such 
as various international institutions and administration 
schedules of BVZ increasing the clinical heterogeneity 
and difficulty in interpreting the analysis results. Finally, 

F I G U R E  7   Funnel plot showing OR of HTN in the BVZ group versus chemo-only group with asymmetrical distribution. BVZ, 
bevacizumab; HTN, hypertension.

F I G U R E  8   Funnel plot showing OR of HTN in the BVZ group versus FOLFOX-only group with asymmetrical distribution. BVZ, 
bevacizumab; FOLFOX, fluorouracil, leucovorin, and oxaliplatin; HTN, hypertension.
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the treatment designs varied, and the individual patient 
data were not focused on in the study. Compared with 
individual patient data analyses, meta-analyses based 
on published data tend to overestimate the treatment ef-
fects.29 Future prospective studies reporting individual 
subgroup AE data with recurrent, advanced, or mCRC 
in adjuvant and metastatic settings will help focus on 
specific subgroups and formulate customized treatment 
guidelines.

There is a significant risk of publication bias based on 
the funnel plot obtained regarding the review process. 
Secondly, the incidence of BVZ-associated HTN, because 
of the definition of the Common Terminology Criteria 
for Adverse Events (CTCAE), may have been underes-
timated. Per the CTCAE, blood pressure greater than 
150/100 mmHg or diastolic pressure increased by more 
than 20 mmHg is considered hypertensive. In some stud-
ies, these strict criteria would have reduced the number 

F I G U R E  9   Funnel plot showing OR of thromboembolism in the BVZ group versus chemo-only group with symmetrical distribution. 
BVZ, bevacizumab.

F I G U R E  1 0   Funnel plot showing OR of ATE in the BVZ group versus chemo-only group with asymmetrical distribution. ATE, arterial 
thromboembolism; BVZ, bevacizumab.
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of hypertensive patients noted compared with the clinical 
criteria for the diagnosis of HTN (140/90 mmHg).

CRC is a leading cause of cancer-related death in the 
United States. Most patients with mCRC are likely to re-
ceive BVZ with adjuvant chemotherapy. Our findings are 
significant as they provide vital information in assessing 
the risk–benefit ratio of adding BVZ to the standard che-
motherapy in patients with mCRC, especially in patients 
with vascular comorbidities. Cardiovascular AEs are cru-
cial in determining all-cause mortality in patients with 
mCRC.

The magnitude of severe HTN, thromboembolic 
events, and cardiovascular morbidity demonstrated 
from our meta-analysis informs oncology clinicians to 
regularly inform patients and monitor patients with 
CRC receiving chemotherapy with BVZ. Prevention and 
management of BVZ-specific HTN and the ATE epi-
sodes in the first place can be essential in mitigating the 
morbidity and mortality associated with BVZ treatment 
and is an area of future research in this patient popu-
lation. Establishing evidence-based guidelines for blood 
pressure management and anti-thrombotic medications 
will be important for both clinicians and researchers in 
the future.

AUTHOR CONTRIBUTIONS
Akshit Chitkara: Conceptualization (lead); data cura-
tion (supporting); formal analysis (equal); methodol-
ogy (equal); project administration (lead); supervision 
(lead); writing – original draft (supporting); writing –  
review and editing (equal). Nirmaljot Kaur: Data 

curation (supporting); formal analysis (equal); method-
ology (equal); software (equal); writing – original draft 
(supporting). Aditya Desai: Data curation (equal); 
writing – original draft (equal). Devanshi Mehta: Data 
curation (equal); writing – original draft (equal). Fnu 
Anamika: Project administration (equal); writing –  
review and editing (equal). Srawani Sarkar: 
Conceptualization (supporting); methodology (equal); 
software (equal). Nandini Gowda: Supervision (equal); 
writing – review and editing (equal). Prabhdeep Sethi: 
Resources (equal); writing – review and editing (equal). 
Rajat Thawani: Project administration (equal); super-
vision (equal). Emerson Y. Chen: Supervision (equal); 
validation (equal); visualization (equal); writing –  
review and editing (equal).

FUNDING INFORMATION
None.

CONFLICT OF INTEREST STATEMENT
I, Akshit Chitkara, on behalf of all coauthors, declare 
that I have no financial or personal conflicts of interest 
related to this work or its publication. My involvement 
in this work was solely for academic or professional 
purposes. I did not receive any financial or other ben-
efits that could be perceived as a conflict of interest. 
Furthermore, I affirm that I have disclosed any finan-
cial or personal relationships with individuals or or-
ganizations that could have influenced my work on 
this project. If any potential conflicts of interest arise 
in the future, I will promptly disclose them and take 

F I G U R E  1 1   Funnel plot showing OR of VTE in the BVZ group versus chemo-only group with asymmetrical distribution. BVZ, 
bevacizumab.



      |  21589CHITKARA et al.

appropriate actions to mitigate any potential influence 
they may have on the work.

DATA AVAILABILITY STATEMENT
NA.

ORCID
Akshit Chitkara   https://orcid.org/0000-0003-0198-186X 
Emerson Y. Chen   https://orcid.org/0000-0003-3035-4478 

REFERENCES
	 1.	 Tebbutt NC, Murphy F, Zannino D, et al. Risk of arterial throm-

boembolic events in patients with advanced colorectal cancer 
receiving bevacizumab. Ann Oncol. 2011;22(8):1834-1838. 
doi:10.1093/annonc/mdq702

	 2.	 Cohen MH, Gootenberg J, Keegan P, Pazdur R. FDA drug ap-
proval summary: bevacizumab plus FOLFOX4 as second-line 
treatment of colorectal cancer. Oncologist. 2007;12(3):356-361. 
doi:10.1634/theoncologist.12-3-356

	 3.	 Guan ZZ, Xu JM, Luo RC, et al. Efficacy and safety of beva-
cizumab plus chemotherapy in Chinese patients with meta-
static colorectal cancer: a randomized phase III ARTIST trial. 
Chin J Cancer. 2011;30(10):682-689. doi:10.5732/cjc.011.10188

	 4.	 Emmanouilides C, Sfakiotaki G, Androulakis N, et  al. Front-
line bevacizumab in combination with oxaliplatin, leucovo-
rin and 5-fluorouracil (FOLFOX) in patients with metastatic 
colorectal cancer: a multicenter phase II study. BMC Cancer. 
2007;7:91. doi:10.1186/1471-2407-7-91

	 5.	 Cremolini C, Antoniotti C, Rossini D, et al. Upfront FOLFOXIRI 
plus bevacizumab and reintroduction after progression ver-
sus mFOLFOX6 plus bevacizumab followed by FOLFIRI plus 
bevacizumab in the treatment of patients with metastatic col-
orectal cancer (TRIBE2): a multicentre, open-label, phase 3, 
randomised, controlled trial. Lancet Oncol. 2020;21(4):497-507. 
doi:10.1016/S1470-2045(19)30862-9

	 6.	 Pinto C, Antonuzzo L, Porcu L, et al. Efficacy and safety of bev-
acizumab combined with fluoropyrimidine monotherapy for 
unfit or older patients with metastatic colorectal cancer: a sys-
tematic review and meta-analysis. Clin Colorectal Cancer. 2017 
Jun;16(2):e61-e72. doi:10.1016/j.clcc.2016.08.006

	 7.	 Botrel TEA, Clark LGO, Paladini L, Clark OAC. Efficacy 
and safety of bevacizumab plus chemotherapy compared 
to chemotherapy alone in previously untreated advanced 
or metastatic colorectal cancer: a systematic review and 
meta-analysis. BMC Cancer. 2016;16(1):677. doi:10.1186/
s12885-016-2734-y

	 8.	 Kabbinavar FF, Ellis LM. Can inhibition of angiogenic path-
ways increase the efficacy of intravenous 5-fluorouracil-based 
regimens? Clin Colorectal Cancer. 2004;4(Suppl 2):S69-S73. 
doi:10.3816/ccc.2004.s.011

	 9.	 Li M, Kroetz DL. Bevacizumab-induced hypertension: clinical 
presentation and molecular understanding. Pharmacol Ther. 
2018;182:152-160. doi:10.1016/j.pharmthera.2017.08.012

	10.	 Taugourdeau-Raymond S, Rouby F, Default A, Jean-
Pastor MJ, French Network of Pharmacovigilance Centers. 
Bevacizumab-induced serious side-effects: a review of the 
French pharmacovigilance database. Eur J Clin Pharmacol. 
2012;68(7):1103-1107. doi:10.1007/s00228-012-1232-7

	11.	 American Cancer Society. Colorectal Cancer Facts & 
Figures 2020–2022. American Cancer Society; 2020.

	12.	 Simkens LH, van Tinteren H, May A, et al. Maintenance treat-
ment with capecitabine and bevacizumab in metastatic colorec-
tal cancer (CAIRO3): a phase 3 randomised controlled trial of 
the Dutch colorectal cancer group. Lancet. 2015;385(9980):1843-
1852. doi:10.1016/S0140-6736(14)62004-3

	13.	 Giantonio BJ, Catalano PJ, Meropol NJ, et  al. Bevacizumab 
in combination with oxaliplatin, fluorouracil, and leucovorin 
(FOLFOX4) for previously treated metastatic colorectal cancer: re-
sults from the eastern cooperative oncology group study E3200. J 
Clin Oncol. 2007;25(12):1539-1544. doi:10.1200/JCO.2006.09.6305

	14.	 https://​ascop​ost.​com/​issues/​febru​ary-​25-​2022/​trifl​uridi​netip​
iraci​l-​plus-​bevac​izuma​b-​in-​metas​tatic​-​color​ectal​-​cancer/​

	15.	 Tabernero J, Prager GW, Fakih M, et  al. Trifluridine/tipiracil 
plus bevacizumab for third-line treatment of refractory meta-
static colorectal cancer: The phase 3 randomized SUNLIGHT 
study. J Clin Oncol. 2023;41(4_suppl):4.

	16.	 U.S. BL 125085/169 Amendment: Bevacizumab⎯Genentech, 
Inc. 1 of 22/Regional (Glioblastoma): avastin_new.doc.

	17.	 Stroup DF, Berlin JA, Morton SC, et  al. Meta-analysis of ob-
servational studies in epidemiology: a proposal for reporting. 
Meta-analysis of observational studies in epidemiology (moose) 
group. JAMA. 2000;283:2008-2012.

	18.	 Wells GA, Shea B, O'Connell D, et  al. The Newcastle-Ottawa 
scale (NOS) for assessing the quality of nonrandomised stud-
ies in meta-analyses University of Ottawa, Ontario K1J 8M5, 
Canada: Professor GA wells, department of epidemiology and 
Commuunity medicine. http://​www.​ohri.​ca/​progr​ams/​clini​
cal_​epide​miolo​gy/​oxford.​asp2020

	19.	 https://​www.​avast​in.​com/​patie​nt/​mcrc.​html.
	20.	 Chen J, Lu Y, Zheng Y. Incidence and risk of hypertension with 

bevacizumab in non-small-cell lung cancer patients: a meta-
analysis of randomized controlled trials. Drug des Devel Ther. 
2015;9:4751-4760. doi:10.2147/DDDT.S87258

	21.	 Ranpura V, Pulipati B, Chu D, Zhu X, Wu S. Increased risk of 
high-grade hypertension with bevacizumab in cancer patients: 
a meta-analysis. Am J Hypertens. 2010;23:460-468.

	22.	 Loupakis F, Bria E, Vaccaro V, et al. Magnitude of benefit of the 
addition of bevacizumab to first-line chemotherapy for meta-
static colorectal cancer: meta-analysis of randomized clinical 
trials. J Exp Clin Cancer Res. 2010;29:58.

	23.	 Whelton PK, Carey RM, Aronow WS, et al. 2017 ACC/AHA/
AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA 
guideline for the prevention, detection, evaluation, and 
Management of High Blood Pressure in adults: executive 
summary: a report of the American College of Cardiology/
American Heart Association task force on clinical practice 
guidelines. Hypertension. 2018;71(6):1269-1324. doi:10.1161/
HYP.0000000000000066

	24.	 Glusker P, Recht L, Lane B. Reversible posterior leukoen-
cephalopathy syndrome and bevacizumab. N Engl J Med. 
2006;354:980-982.

	25.	 Ozcan C, Wong SJ, Hari P. Reversible posterior leukoen-
cephalopathy syndrome and bevacizumab. N Engl J Med. 
2006;354:980-982.

	26.	 Baizabal-Carvallo JF, Alonso-Juárez M, Salas I. Pretruncal 
subarachnoid hemorrhage and high cerebral blood flow ve-
locities with bevacizumab therapy. Clin Neuropharmacol. 
2010;33:268-269.

https://orcid.org/0000-0003-0198-186X
https://orcid.org/0000-0003-0198-186X
https://orcid.org/0000-0003-3035-4478
https://orcid.org/0000-0003-3035-4478
https://doi.org//10.1093/annonc/mdq702
https://doi.org//10.1634/theoncologist.12-3-356
https://doi.org//10.5732/cjc.011.10188
https://doi.org//10.1186/1471-2407-7-91
https://doi.org//10.1016/S1470-2045(19)30862-9
https://doi.org//10.1016/j.clcc.2016.08.006
https://doi.org//10.1186/s12885-016-2734-y
https://doi.org//10.1186/s12885-016-2734-y
https://doi.org//10.3816/ccc.2004.s.011
https://doi.org//10.1016/j.pharmthera.2017.08.012
https://doi.org//10.1007/s00228-012-1232-7
https://doi.org//10.1016/S0140-6736(14)62004-3
https://doi.org//10.1200/JCO.2006.09.6305
https://ascopost.com/issues/february-25-2022/trifluridinetipiracil-plus-bevacizumab-in-metastatic-colorectal-cancer/
https://ascopost.com/issues/february-25-2022/trifluridinetipiracil-plus-bevacizumab-in-metastatic-colorectal-cancer/
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp2020
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp2020
https://www.avastin.com/patient/mcrc.html
https://doi.org//10.2147/DDDT.S87258
https://doi.org//10.1161/HYP.0000000000000066
https://doi.org//10.1161/HYP.0000000000000066


21590  |      CHITKARA et al.

	27.	 Genentech, Inc. Avastin prescribing information. 2016. https://​
www.​gene.​com/​downl​oad/​pdf/​avast​in_​presc​ribing.​pdf

	28.	 Scappaticci FA, Skillings JR, Holden SN, et  al. Herbert 
Hurwitz, arterial thromboembolic events in patients with 
metastatic carcinoma treated with chemotherapy and bev-
acizumab. JNCI. 2007;99(16):1232-1239. doi:10.1093/jnci/
djm086

	29.	 Stewart LA, Parmar MK. Meta-analysis of the literature 
or of individual patient data: is there a difference? Lancet. 
1993;341(8842):418-422. doi:10.1016/0140-6736(93)93004-k

	30.	 Cunningham D, Lang I, Marcuello E, et  al. Bevacizumab 
plus capecitabine versus capecitabine alone in elderly pa-
tients with previously untreated metastatic colorectal cancer 
(AVEX): an open-label, randomised phase 3 trial. Lancet Oncol. 
2013;14(11):1077-1085. doi:10.1016/S1470-2045(13)70154-2

	31.	 Bennouna J, Sastre J, Arnold D, et  al. Continuation of beva-
cizumab after first progression in metastatic colorectal can-
cer (ML18147): a randomised phase 3 trial. Lancet Oncol. 
2013;14(1):29-37. doi:10.1016/S1470-2045(12)70477-1

	32.	 Price TJ, Zannino D, Wilson K, et al. Bevacizumab is equally ef-
fective and no more toxic in elderly patients with advanced col-
orectal cancer: a subgroup analysis from the AGITG MAX trial: 
an international randomised controlled trial of Capecitabine, 
Bevacizumab and Mitomycin C. Ann Oncol. 2012;23(6):1531-
1536. doi:10.1093/annonc/mdr488

	33.	 Kabbinavar F, Hurwitz HI, Fehrenbacher L, et al. Phase II, ran-
domized trial comparing bevacizumab plus fluorouracil (FU)/
leucovorin (LV) with FU/LV alone in patients with metastatic 
colorectal cancer. J Clin Oncol. 2003;21(1):60-65. doi:10.1200/
JCO.2003.10.066

	34.	 Allegra CJ, Yothers G, O'Connell MJ, et al. Initial safety report 
of NSABP C-08: A randomized phase III study of modified 
FOLFOX6 with or without bevacizumab for the adjuvant treat-
ment of patients with stage II or III colon cancer. J Clin Oncol. 
2009;27(20):3385-3390. doi:10.1200/JCO.2009.21.9220

	35.	 Tang W, Ren L, Liu T, et  al. Bevacizumab Plus mFOLFOX6 
Versus mFOLFOX6 Alone as First-Line Treatment for RAS 
Mutant Unresectable Colorectal Liver-Limited Metastases: 
The BECOME Randomized Controlled Trial. J Clin Oncol. 
2020;38(27):3175-3184. doi:10.1200/JCO.20.00174

	36.	 Kerr RS, Love S, Segelov E, et al. Adjuvant capecitabine plus 
bevacizumab versus capecitabine alone in patients with col-
orectal cancer (QUASAR 2): an open-label, randomised phase 
3 trial. Lancet Oncol. 2016;17(11):1543-1557. doi:10.1016/
S1470-2045(16)30172-3

	37.	 Passardi A, Nanni O, Tassinari D, et al. Effectiveness of bevaci-
zumab added to standard chemotherapy in metastatic colorec-
tal cancer: final results for first-line treatment from the ITACa 
randomized clinical trial. Ann Oncol. 2015;26(6):1201-1207. 
doi:10.1093/annonc/mdv130

	38.	 Cao R, Zhang S, Ma D, Hu L. A multi-center randomized phase 
II clinical study of bevacizumab plus irinotecan, 5-fluorouracil, 
and leucovorin (FOLFIRI) compared with FOLFIRI alone as 
second-line treatment for Chinese patients with metastatic 
colorectal cancer. Med Oncol. 2015;32(1):325. doi:10.1007/
s12032-014-0325-9

	39.	 Schwartzberg LS, Rivera F, Karthaus M, et al. PEAK: a random-
ized, multicenter phase II study of panitumumab plus modi-
fied fluorouracil, leucovorin, and oxaliplatin (mFOLFOX6) 
or bevacizumab plus mFOLFOX6 in patients with previously 

untreated, unresectable, wild-type KRAS exon 2 metastatic col-
orectal cancer. J Clin Oncol. 2014;32(21):2240-2247. doi:10.1200/
JCO.2013.53.2473

	40.	 de Gramont A, Van Cutsem E, Schmoll HJ, et  al. Bevacizumab 
plus oxaliplatin-based chemotherapy as adjuvant treatment for 
colon cancer (AVANT): a phase 3 randomised controlled trial. 
Lancet Oncol. 2012;13(12):1225-1233. doi:10.1016/S1470-2045(12)​
70509-0

	41.	 Dotan E, Meropol NJ, Burtness B, et  al. A phase II study of 
capecitabine, oxaliplatin, and cetuximab with or without bev-
acizumab as frontline therapy for metastatic colorectal cancer. 
A Fox Chase extramural research study. J Gastrointest Cancer. 
2012;43(4):562-569. doi:10.1007/s12029-012-9368-3

	42.	 Giantonio BJ, Catalano PJ, Meropol NJ, et  al. Bevacizumab 
in combination with oxaliplatin, fluorouracil, and leucovorin 
(FOLFOX4) for previously treated metastatic colorectal can-
cer: results from the Eastern Cooperative Oncology Group 
Study E3200. J Clin Oncol. 2007;25(12):1539-1544. doi:10.1200/
JCO.2006.09.6305

	43.	 Hurwitz HI, Fehrenbacher L, Hainsworth JD, et al. Bevacizumab 
in combination with fluorouracil and leucovorin: an active reg-
imen for first-line metastatic colorectal cancer. J Clin Oncol. 
2005;23(15):3502-3508. doi:10.1200/JCO.2005.10.017

	44.	 Kabbinavar FF, Schulz J, McCleod M, et  al. Addition of bev-
acizumab to bolus fluorouracil and leucovorin in first-line 
metastatic colorectal cancer: results of a randomized phase 
II trial. J Clin Oncol. 2005;23(16):3697-3705. doi:10.1200/
JCO.2005.05.112

	45.	 Hurwitz H, Fehrenbacher L, Novotny W, et  al. Bevacizumab 
plus irinotecan, fluorouracil, and leucovorin for metastatic 
colorectal cancer. N Engl J Med. 2004;350(23):2335-2342. 
doi:10.1056/NEJMoa032691

	46.	 Stathopoulos GP, Batziou C, Trafalis D, et  al. Treatment of 
colorectal cancer with and without bevacizumab: a phase III 
study. Oncology. 2010;78(5-6):376-381. doi:10.1159/000320520

	47.	 Tebbutt NC, Wilson K, Gebski VJ, et  al. Capecitabine, beva-
cizumab, and mitomycin in first-line treatment of metastatic 
colorectal cancer: results of the Australasian Gastrointestinal 
Trials Group Randomized Phase III MAX Study. J Clin Oncol. 
2010;28(19):3191-3198. doi:10.1200/JCO.2009.27.7723

	48.	 Kapelakis I, Toutouzas K, Drakopoulou M, et al. Bevacizumab 
increases the incidence of cardiovascular events in patients 
with metastatic breast or colorectal cancer. Hellenic J Cardiol. 
2017;58(3):215-219. doi:10.1016/j.hjc.2016.11.022

	49.	 Saltz LB, Clarke S, Díaz-Rubio E, et al. Bevacizumab in com-
bination with oxaliplatin-based chemotherapy as first-line 
therapy in metastatic colorectal cancer: a randomized phase 
III study. J Clin Oncol. 2008;26(12):2013-2019. doi:10.1200/
JCO.2007.14.9930

	50.	 Hochster HS, Hart LL, Ramanathan RK, et  al. Safety and ef-
ficacy of oxaliplatin and fluoropyrimidine regimens with or 
without bevacizumab as first-line treatment of metastatic 
colorectal cancer: results of the TREE Study. J Clin Oncol. 
2008;26(21):3523-3529. doi:10.1200/JCO.2007.15.4138

	51.	 Jackson NA, Barrueco J, Soufi-Mahjoubi R, et  al. Comparing 
safety and efficacy of first-line irinotecan/fluoropyrimidine 
combinations in elderly versus nonelderly patients with met-
astatic colorectal cancer: findings from the bolus, infusional, 
or capecitabine with camptostar-celecoxib study. Cancer. 
2009;115(12):2617-2629. doi:10.1002/cncr.24305

https://www.gene.com/download/pdf/avastin_prescribing.pdf
https://www.gene.com/download/pdf/avastin_prescribing.pdf
https://doi.org//10.1093/jnci/djm086
https://doi.org//10.1093/jnci/djm086
https://doi.org//10.1016/0140-6736(93)93004-k
https://doi.org//10.1016/S1470-2045(13)70154-2
https://doi.org//10.1016/S1470-2045(12)70477-1
https://doi.org//10.1093/annonc/mdr488
https://doi.org//10.1200/JCO.2003.10.066
https://doi.org//10.1200/JCO.2003.10.066
https://doi.org//10.1200/JCO.2009.21.9220
https://doi.org//10.1200/JCO.20.00174
https://doi.org//10.1016/S1470-2045(16)30172-3
https://doi.org//10.1016/S1470-2045(16)30172-3
https://doi.org//10.1093/annonc/mdv130
https://doi.org//10.1007/s12032-014-0325-9
https://doi.org//10.1007/s12032-014-0325-9
https://doi.org//10.1200/JCO.2013.53.2473
https://doi.org//10.1200/JCO.2013.53.2473
https://doi.org//10.1016/S1470-2045(12)70509-0
https://doi.org//10.1016/S1470-2045(12)70509-0
https://doi.org//10.1007/s12029-012-9368-3
https://doi.org//10.1200/JCO.2006.09.6305
https://doi.org//10.1200/JCO.2006.09.6305
https://doi.org//10.1200/JCO.2005.10.017
https://doi.org//10.1200/JCO.2005.05.112
https://doi.org//10.1200/JCO.2005.05.112
https://doi.org//10.1056/NEJMoa032691
https://doi.org//10.1159/000320520
https://doi.org//10.1200/JCO.2009.27.7723
https://doi.org//10.1016/j.hjc.2016.11.022
https://doi.org//10.1200/JCO.2007.14.9930
https://doi.org//10.1200/JCO.2007.14.9930
https://doi.org//10.1200/JCO.2007.15.4138
https://doi.org//10.1002/cncr.24305


      |  21591CHITKARA et al.

	52.	 Sharma S, Abhyankar V, Burgess RE, et al. A phase I study of 
axitinib (AG-013736) in combination with bevacizumab plus 
chemotherapy or chemotherapy alone in patients with met-
astatic colorectal cancer and other solid tumors. Ann Oncol. 
2010;21(2):297-304. doi:10.1093/annonc/mdp489

	53.	 Kemeny NE, Jarnagin WR, Capanu M, et al. Randomized phase 
II trial of adjuvant hepatic arterial infusion and systemic che-
motherapy with or without bevacizumab in patients with re-
sected hepatic metastases from colorectal cancer. J Clin Oncol. 
2011;29(7):884-889. doi:10.1200/JCO.2010.32.5977

	54.	 Madajewicz S, Waterhouse DM, Ritch PS, et  al. Multicenter, 
randomized phase II trial of bevacizumab plus folinic acid, flu-
orouracil, gemcitabine (FFG) versus bevacizumab plus folinic 
acid, fluorouracil, oxaliplatin (FOLFOX4) as first-line therapy 
for patients with advanced colorectal cancer. Invest New Drugs. 
2012;30(2):772-778. doi:10.1007/s10637-010-9598-9

	55.	 Stintzing S, Fischer von Weikersthal L, Decker T, et al. FOLFIRI 
plus cetuximab versus FOLFIRI plus bevacizumab as first-
line treatment for patients with metastatic colorectal cancer-
subgroup analysis of patients with KRAS: mutated tumours 
in the randomised German AIO study KRK-0306. Ann Oncol. 
2012;23(7):1693-1699. doi:10.1093/annonc/mdr571

	56.	 Schmoll HJ, Cunningham D, Sobrero A, et al. Cediranib with 
mFOLFOX6 versus bevacizumab with mFOLFOX6 as first-
line treatment for patients with advanced colorectal cancer: 
a double-blind, randomized phase III study (HORIZON III). 
J Clin Oncol. 2012;30(29):3588-3595. doi:10.1200/JCO.2012.​
42.5355

	57.	 Cunningham D, Wong RP, D'Haens G, et  al. Cediranib 
with mFOLFOX6 vs bevacizumab with mFOLFOX6 in pre-
viously treated metastatic colorectal cancer. Br J Cancer. 
2013;108(3):493-502. doi:10.1038/bjc.2012.545

	58.	 Heinemann V, von Weikersthal LF, Decker T, et  al. FOLFIRI 
plus cetuximab versus FOLFIRI plus bevacizumab as first-
line treatment for patients with metastatic colorectal cancer 
(FIRE-3): a randomised, open-label, phase 3 trial. Lancet Oncol. 
2014;15(10):1065-1075. doi:10.1016/S1470-2045(14)70330-4

	59.	 Anamika F, Chitkara A, Gutierrez V, Gupta K, Ramaswamy B. 1456 
Colorectal cancer disparities: a systematic review. J ImmunoTher 
Cancer. 2023;11. doi:10.1136/jitc-2023-SITC2023.1456

	60.	 Chitkara A, Bakhtiar M, Sahin IH, et  al. A Meta-Analysis to 
Assess the Efficacy of HER2-Targeted Treatment Regimens 
in HER2-Positive Metastatic Colorectal Cancer (mCRC). Curr 
Oncol. 2023;30(9):8266-8277. doi:10.3390/curroncol30090600

How to cite this article: Chitkara A, Kaur N, 
Desai A, et al. Risks of hypertension and 
thromboembolism in patients receiving 
bevacizumab with chemotherapy for colorectal 
cancer: A systematic review and meta-analysis. 
Cancer Med. 2023;12:21579-21591. doi:10.1002/
cam4.6662

https://doi.org//10.1093/annonc/mdp489
https://doi.org//10.1200/JCO.2010.32.5977
https://doi.org//10.1007/s10637-010-9598-9
https://doi.org//10.1093/annonc/mdr571
https://doi.org//10.1200/JCO.2012.42.5355
https://doi.org//10.1200/JCO.2012.42.5355
https://doi.org//10.1038/bjc.2012.545
https://doi.org//10.1016/S1470-2045(14)70330-4
https://doi.org//10.1136/jitc-2023-SITC2023.1456
https://doi.org//10.3390/curroncol30090600
https://doi.org/10.1002/cam4.6662
https://doi.org/10.1002/cam4.6662

	Risks of hypertension and thromboembolism in patients receiving bevacizumab with chemotherapy for colorectal cancer: A systematic review and meta-­analysis
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Search criteria
	2.2|Data extraction
	2.3|Statistical analysis

	3|RESULTS
	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES




