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AIMS
Congestive heart failure (CHF) associated with vascular endothelial growth factor tyrosine-kinase inhibitors (VEGFR-TKIs) has emerged
as a relevant problem in clinical and scientific communities. We performed an up-to-date, comprehensive meta-analysis to determine
the overall incidence and risk of CHF in cancer patients receiving VEGFR-TKIs.

METHODS
The databases of PubMed, Web of Science and abstracts presented at the American Society of Clinical Oncology up to August 31 2013
were searched for relevant articles. Statistical analyses were conducted to calculate the summary incidence, odds ratio (OR) and 95%
confidence intervals (CIs) by using either random effects or fixed effect models according to the heterogeneity of included studies.

RESULTS
A total of 10 553 patients from 36 clinical trials were included. The overall incidence of all grade and high grade CHF associated with
VEGFR-TKIs was 3.2% (95% CI 1.8%, 5.8%) and 1.4% (95% CI 0.9%, 2.3%), respectively. The use of VEGFR-TKIs significantly increased the
risk of developing all grade (OR 2.37, 95% CI 1.76, 3.20, P < 0.001) and high grade (OR 3.51, 95% CI 1.74, 7.05, P < 0.001) CHF. In
subgroup analyses, the risk of CHF did not significantly vary with tumour types (P = 0.071 for all grade; P = 0.72 for high grade) and
VEGFR-TKIs (P = 0.55 for all grade; P = 0.99 for high grade). Meta-regression indicated that CHF might possibly occur early in the
treatment of VEGFR-TKIs. No evidence of publication bias was observed.

CONCLUSION
The use of VEGFR-TKIs is associated with a significantly increased risk of developing congestive heart failure in cancer patients.
Clinicians should be aware of this risk and provide close monitoring in patients receiving these therapies.

Introduction

In recent years, anti-angiogenesis targeted therapies have
proven to be a promising therapeutic strategy in patients
with cancer [1, 2]. Several newly-developed agents that

target the vascular endothelial growth factor (VEGF)
signalling pathway, such as the small molecular VEGF re-
ceptor inhibitors (e.g. sunitinib, sorafenib, vandetanib,
pazopanib, axitinib, cediranib, tivozanib, regorafenib,
cabozantinib, brivanib and ramucirumab) and the
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anti-VEGF monoclonal antibody bevacizumab, have
shown encouraging treatment benefits in patients with
various types of solid tumours [3–16]. However, as the
VEGF pathway is not only essential for normal growth and
development, but also critical to physiological response
and homeostasis in many organs and functions in adult-
hood [17], a variety of adverse effects are anticipated with
pharmacological blockage of this pathway. Indeed, the
clinical adverse event profiles are extensive [18–20]. The
adverse effects attributed to VEGF inhibition include
hypertension, arterial thromboembolic events (ATEs), pro-
teinuria or renal dysfunction, wound complications, haem-
orrhage and gastrointestinal perforation, which have been
systematically defined in previous studies [21–36].

Congestive heart failure (CHF) is a rare but serious
adverse event associated with VEGF-targeted agents. A
previous meta-analysis demonstrated that the use of
bevacizumab significantly increased the risk of CHF when
compared with controls (relative risk (RR) 4.74, 95% CI
1.66, 11.18, P = 0.001) [37]. The VEGFR-TKI agent sunitinib
has been also associated with an increased risk of CHF in
one meta-analysis [38]. However, that report has several
limitations. Although the meta-analysis included 16 clini-
cal trials, most of these were single arm trials, and only
four randomized controlled trials (RCTs) were included in
the meta-analysis and thus the power to investigate the
risk of CHF with sunitinib was small and the combined
results might have been affected by a single large RCT.
In addition, several newly developed VEGFR-TKIs which
share a similar spectrum of target receptors with sunitinib
might be also associated with increased risk of developing
CHF. Indeed, CHF related to these drugs has been sporadi-
cally reported in recent clinical trials [7, 39–43]. However
the contributions of these newly developed VEGFR-TKIs to
CHF are still unknown. As a result, we conducted this
meta-analysis of all available clinical trials to determine
the overall incidence and risk of CHF associated with
VEGFR-TKIs.

Methods

Data sources
We conducted an independent review of citations from
PubMed between January 1 1966 and August 31 2013.
Keywords were sorafenib, nexavar, BAY43-9006, sunitinib,
sutent, SU11248, pazopanib, votrient, GW786034, vande-
tanib, caprelsa, ZD6474, axitinib, cediranib, tivozanib,
regorafenib, cabozantinib, brivanib, ramucirumab, clinical
trials and cancer. The search was limited to prospective
clinical trials published in English. The search strategy also
used text terms such as angiogenesis inhibitors and vas-
cular endothelial growth factor receptor-tyrosine kinase
inhibitors to identify relevant information. We also per-
formed independent searches using Web of Science data-
bases between January 1 1966 and August 31 2013, to

ensure that no clinical trials were overlooked. Additionally,
we searched the clinical trial registration website (http://
www.ClinicalTrials.gov) to obtain information on the reg-
istered prospective trials. We also searched abstracts and
virtual meeting presentations from the American Society
of Clinical Oncology (http://www.asco.org/ASCO) confer-
ences that took place between January 2004 and January
2013. Reference lists from relevant primary studies and
review articles were also examined to find additional pub-
lications. Each publication was reviewed and in cases of
duplicate publication only the most complete, recent and
updated report of the clinical trial was included in the
meta-analysis.

Study selection was conducted according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement [44]. Clinical trials that met
the following criteria were included: (1) prospective phase
II and III trials, expanded access protocols (EAPs), (2) par-
ticipants assigned to treatment with VEGFR-TKIs (alone or
in combination at any dosage or frequency) and (3) avail-
able data regarding events or incidence of CHF and sample
size. Phase I trials were excluded because of inter-study
variability in drug dosing as well as the small number of
patients in these trials.

Data extraction
Data abstraction was conducted independently by two
investigators (WXQ and ZS), and any discrepancy between
the reviewers was resolved by consensus. For each study,
the following information was extracted: first author’s
name, year of publication, trial phase, number of enrolled
subjects, treatment arms, number of patients in treatment
and controlled groups, underlying malignancy, median
age, median treatment duration, median progression-free
survival, number of CHF events, name and dosage of the
VEGFR-TKIs agents. We considered the reporting of left
ventricular ejection fraction (LVEF) decline or dysfunction
and CHF not otherwise specified as CHF-related adverse
events. Adverse events of all and high grade (≥ grade 3), as
recorded according to the National Cancer Institute’s
common terminology criteria for adverse events (version 2
or 3), were extracted for analysis [45]. The quantitative five
point Jadad scale was used to assess the quality of the
included RCTs based on the reporting of the studies’
methods and results [46].

Statistical analysis
The principal summary measures were incidence, odds
ratio (OR) and corresponding 95% confidence intervals
(CIs). For the calculation of incidence, the number of
patients experiencing CHF and total number of patients
treated with VEGFR-TKIs were extracted from the safety
profiles of all selected clinical trials; the proportion of
patients with CHF and 95% CI were derived for each
study. We used the Peto method to calculate the ORs
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and 95% CIs because this method provided the best CI
coverage and was more powerful and relatively less
biased than the fixed or random effects analysis when
dealing with low event rates [47]. Between study hetero-
geneity was estimated using the χ2-based Q statistic [48].
Heterogeneity was considered statistically significant
when Pheterogeneity < 0.1. If heterogeneity existed, data were
analyzed using a random effects model. In the absence of
heterogeneity, a fixed effects model was used. A statisti-
cal test with a P value less than 0.05 was considered sig-
nificant. To assess the stability of the results, sensitivity
analysis was carried out by sequential omission of indi-
vidual studies. Additionally, to test whether effect sizes
were moderated by differences in the length of treat-
ment, we had carried out meta-regressions with differ-
ences in the median length of experimental treatments
(expressed in months) as a predictor and the odds ratio
as a dependent variable. The presence of publication bias
was evaluated by using the Egger tests. All statistical
analyses were performed by using Stata version 12.0 soft-
ware (Stata Corporation, College Station, Texas, USA)
and Open Meta-Analyst software version 4.16.12 (Tufts
University).

Results

Search results
Our search yielded 927 clinical studies relevant to VEGFR-
TKIs (sunitinib, sorafenib, pazopanib, vandetanib, axitinib,
cediranib, tivozanib, regorafenib, cabozantinib, brivanib
and ramucirumab). After excluding review articles, phase
I studies, case reports, meta-analyses and observation
studies (Figure 1), we selected 36 clinical trials, including
eight phase III, 27 phase II trials and one extended access
programme (EAP) trial, for the purposes of analysis
(Table 2). A total of 10 553 patients from 36 clinical trials
were included for analysis. The characteristics of patients
and studies are listed in Table 1. According to the inclu-
sion criteria of each trial, patients were required to have
adequate hepatic, renal and haematological function.
Underlying malignancies included renal cell cancer [14,
15, 40, 49–57] (12 trials), breast cancer [58–63] (six trials),
sarcoma [7, 39, 64, 65] (four trials), thyroid cancer [42, 66,
67] (three trials), gastro-intestinal stromal tumour (GIST)
[13, 68] (two trials), primitive neuroectodermal tumour
(PNET) [69] (one trial), hepatocellular carcinoma [70] (one
trial), pancreatic cancer [43] (one trial), cervical cancer
[71] (one trial), colorectal cancer (one trial) [16], gastric
cancer [41] (one trial), prostate cancer [72] (one trial),
non-small cell lung cancer (NSCLC) [73] (one trial) and
advanced neuroendocrine tumours [74] (one trial). The
most commonly reported adverse event meeting our
criteria was LVEF decline (16 studies), with congestive
failure in 12 studies and LV dysfunction in eight studies.
The quality of 15 included RCTs was high. Ten trials had

Jadad scores of 5 and four trials did not mention the
blinding of allocation clearly in the randomization
process and thus had Jadad scores of 3. Another one trial
had a Jadad score of 2.

Incidence of CHF
A total of 6903 patients from 27 treatment arms who
received VEGFR-TKIs as a single agent were available for all
grade CHF analysis. There were 174 total CHF events
among these patients. The incidence of all grade CHF
ranged between 0% and 11.5%. Using a random effect
model (χ2-based Q statistic test: Q = 269.35, P < 0.001, I2 =
90%), the overall incidence of all grade CHF was 3.2% (95%
CI 1.8, 5.8%, Figure 2). High grade CHF was associated with
increased morbidity and could result in dose modification
or treatment interruption. A total of 6896 patients pre-
scribed VEGFR-TKIs as a single agent from 26 treatment
arms were included for analysis. The incidence of high
grade CHF ranged from 0% to 4.8%. The summary inci-
dence of high grade CHF was 1.4% (95% CI 0.9, 2.3%,
Figure 2) according to the random effects model. We also
performed a sub-group analysis to investigate the inci-
dence difference according to tumour types, VEGFR-TKIs
and phase of trials. Our results demonstrated that the inci-
dence of CHF did not significantly vary with tumour types
and phase of trials (Table 2). The incidence of all grade CHF
associated pazopanib (6.1%) and cediranib (5.9%) was
higher than that of vandetanib (0.4%) and ramucirumab

Published articles
identified through

database
searching (n=927)

Trials excluded: data not
adequate for CHF (n=165)

Trials primarily excluded
(n=720)
Review articles, meta-analysis,
Pharmacokinetic, Phase I trials,
Case reports,
Observational studies,
Commentaries or Letters,
Not neoplastic disease
publications

Trials excluded for duplicate
analysis (n=6)

Studies included for
analysis (n=207)

Trials with adequate
data (n=36)

Phase III trials (n=8)
Phase II trials (n=27)

EAP (n=1)

Figure 1
Selection process for prospective clinical trials included in the
meta-analysis
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Figure 2
Incidence of all and high grade CHF associated with VEGFR-TKIs

CHF associated with VEGFR-TKIs
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(0.4%), and there were significant variations in the
incidence of all grade CHF among different VEGFR-TKIs (P =
0.025), but not for high grade CHF (P = 0.72).

Odds ratio of CHF
A meta-analysis of the OR for all grade CHF attributable to
VEGFR-TKIs compared with controls was performed on 12
randomized controlled trials. The overall OR for all grade
CHF was 2.37 (95% CI 1.76, 3.20, P < 0.001, Figure 3),
according to the fixed effects model. As for high grade
CHF, 15 RCTs were available for analysis. The combined OR
also demonstrated that VEGFR-TKIs significantly increased
the risk of developing CHF (OR = 3.51, 95% CI 1.74, 7.05, P
< 0.001, Figure 3) using a fixed effects model. We also did a
sensitivity analysis to examine the stability and reliability
of pooled ORs by sequential omission of individual studies.
The results indicated that the significance estimate of
pooled all grade ORs was not significantly influenced by
omitting any single study. As for high grade ORs, there was
a non-significantly increased risk of developing high grade
CHF after excluding the trial conducted by Motzer et al.

[15] (Figure 4). Since in three studies, data on the length of
treatment were not reported, nine of 12 studies were
included in the analysis. The result indicated that the OR
tended to be lower in the studies in which the experimen-
tal treatment was longer, and this effect was statistically
significant (β = 1.15, P = 0.13, Figure 5). As for high grade
CHF, a similar result was also observed (β = 1.26, P = 0.52,
Figure 5). Based on these results, we believe that CHF
might possibly occur early in treatment regimens.

Risk of CHF according to different tumour
types, VEGFR-TKIs and phase of trials
To determine whether the observed increase in ORs of
developing all and high grade CHF was the result of con-
founding bias, we preformed subgroup analyses of renal
cell carcinoma (RCC) vs. other malignancies, phase II vs.
phase III trials and trials with different VEGFR-TKIs. No sig-
nificant differences were observed for ORs of all (1.91 vs.
3.36, P = 0.071) or high grade (3.02 vs. 4.31, P = 0.72)
between patients with RCC and non-RCC. Similarly, no sig-
nificant differences in ORs were found among different

Table 2
Incidence of CHF based on prespecified subgroups

Grades Subgroup Number of trials CHF events
Total number
of patients I2 (%) Incidence (95% CI)

P for group
difference

All grade Overall 27 174 6903 90 3.2 (1.8, 5.8) NA

Tumour types

RCC 10 119 5228 96 4.5 (1.4, 13.6) 0.52

Non-RCC 17 55 1675 63 3.0 (1.7, 5.1)

VEGFR-TKIs

Sunitinib 14 136 5638 94.3 3.6 (1.4, 8.8) 0.025

Sorafenib 4 9 269 66.2 3.4 (0.9, 12.5)

Axitinib 2 3 114 0 2.7 (0.9, 8.1)

Cediranib 2 6 99 48.0 5.9 (1.5, 20.6)

Vandetanib 1 1 231 0 0.4 (0.1, 3.0)

Pazopanib 3 18 314 0 6.1 (3.9, 9.5)

Ramucirumab 1 1 238 0 0.4 (0.1, 2.9)

Phase of trials

Phase II 21 45 1240 32.8 4.5 (3.1, 6.6) 0.42

Phase III 6 129 5663 97.8 2.4 (0.5, 10.2)
High grade Overall 26 48 6896 58 1.4 (0.9, 2.3) NA

Tumour types
RCC 10 35 5219 0 1.8 (0.7, 4.4) 0.55
Non-RCC 16 13 1677 96 1.3 (0.8, 2.0)

VEGFR-TKIs
Sunitinib 15 37 5724 74.2 1.5 (0.7, 3.1) 0.72
Sorafenib 3 3 238 0 1.5 (0.5, 4.5)
Axitinib 1 1 52 0 1.9 (0.3, 12.4)
Cediranib 2 2 99 0 2.0 (0.5, 7.7)
Vandetanib 1 1 231 0 0.4 (0.1, 3.0)
Pazopanib 3 4 314 0 1.5 (0.6, 3.7)
Ramucirumab 1 0 238 0 0

Phase of trials
Phase II 19 16 1147 97.4 2.1 (1.4, 3.3) 0.18
Phase III 7 32 5749 0 0.9 (0.3, 2.8)

RCC, renal cell carcinoma; NA, not available.
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VEGFR-TKIs (all grade: P = 0.55, high grade: P = 0.99,
Table 3). Interestingly, the ORs of all grade CHF were sig-
nificantly higher in phase II trials than in phase III trials
(4.77 vs. 2.01, P = 0.026), but not for high grade CHF (2.21
vs. 3.73, P = 0.67).

Publication bias
No evidence of publication bias was detected for the OR of
all grade and high grade ILD in this study by Egger’s test
(OR of all grade: P = 0.18, OR of high grade: P = 0.66).

Discussion

CHF is a rare but potentially life-threatening complication
during anti-VEGF therapy [75, 76]. Concerns have arisen

regarding the risk of CHF with the use of these drugs. A
previous meta-analysis demonstrated that the incidence
of high grade CHF was 1.6% (95% CI 1.0, 2.6%) among
patients receiving the VEGF antibody bevacizumab, and
patients treated with bevacizumab had a significantly
increased risk of developing CHF (RR 4.74, 95% CI 1.66,
11.18, P = 0.001) [37]. However, the association between
CHF and VEGFR-TKIs, which also target VEGF signalling
pathways, has not been systematically defined. As a
result, we conducted this study to investigate the overall
incidence and risk of CHF in cancer patients treated with
VEGFR-TKIs.

Our study included 10 553 patients from 36 clinical
trials and demonstrated that the pooled incidence of
VEGFR-TKIs associated all and high grade CHF was 3.2%
(95% CI 1.8, 5.8%) and 1.4% (95% CI 0.9, 2.3%), respectively.

All grade CHF
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Figure 3
Odds ratio of all and high grade CHF associated with VEGFR-TKIs vs. control
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Additionally, we also found that the use of VEGFR-TKIs
was associated with a significantly increased risk of all and
high grade CHF when compared with controls. Sensitivity
analysis indicated that the significance estimate of pooled
all grade ORs was not significantly influenced by omitting
any single study. As for high grade ORs, there is a non-
significantly increased risk of developing high grade CHF
after excluding the trial conducted by Motzer et al. [15]. In
addition, the meta-regression indicated that the OR of CHF
tended to be lower in studies in which the experimental
treatment was longer, and the effect was statistically sig-
nificant. Based on our findings, we could conclude that
while VEGFR-TKIs are associated with an increased risk of
developing CHF in cancer patients, the absolute incidence
and risk of CHF appears low and the use of VEGFR-TKIs
should be considered in the context of overall survival
benefits. Moreover, as CHF commonly occurs early in the

treatment with VEGFR-TKIs, close cardiac monitoring for
patients receiving VEGFR-TKIs is recommended, especially
during the initial of the regimens.

We also carried out a subgroup risk analysis stratified
according to tumour type, VEGFR-TKIs agents, and phase
of trials. Our results show that the incidence and risk of
CHF associated with VEGFR-TKIs does not significantly vary
with tumour types (all grade: P = 0.071, high grade P =
0.72). Then, we explored the incidence and risk of CHF
among different VEGFR-TKIs. The incidence of CHF varied
significantly with different VEGFR-TKIs (P = 0.025), reflect-
ing the nature of the underlying tumour biology or the
different spectrum of target receptors of VEGFR-TKIs.
However, our study shows that the OR of CHF did not vary
significantly with VEGFR-TKIs (all grade P = 0.55; high grade
P = 0.99), but this is unclear with the sample size in this
analysis. Additionally, we found that the risk of CHF was

All grade CHF

High grade CHF

1.53 2 52.32 6.58
Odds ratio (log scale)

0.92 1 52 2.34
Odds ratio (log scale)

Studies Estimate (95% CI)

- Demetri et al. [13]
- Motzer et al. [15]
- Abou-Alfa et al. [70]
- Kindler et al. [43]
- Mulders et al. [57]
- Wells et al. [42]
- Cristofanilli et al. [60]
- Curigliano et al. [61]
- Fuchs et al. [41]
- Hyams et al. [62]
- Johnston et al. [63]
- Van der Graaf et al. [7]

2.219 (1.570, 3.136)
3.634 (2.007, 6.578)
2.226 (1.589, 3.118)
2.311 (1.654, 3.230)
2.300 (1.646, 3.216)
2.333 (1.669, 3.260)
2.303 (1.645, 3.224)
2.370 (1.696, 3.312)
2.329 (1.667, 3.255)
2.154 (1.529, 3.035)
2.295 (1.642, 3.208)
2.324 (1.645, 3.281)

Studies Estimate (95% CI)

- Demetri et al. [13]
- Motzer et al. [15]
- Abou-Alfa et al. [70]
- Kindler et al. [43]
- Mulders et al. [57]
- Wells et al. [42]
- Cristofanilli et al. [60]
- Curigliano et al. [61]
- Fuchs et al. [41]
- Hyams et al. [62]
- Johnston et al. [63]
- Barrios et al. [58]
- Raymond et al. [69]
- Bergh et al. [59]
- Van der Graaf et al. [7]

2.286 (1.117, 4.676)
1.838 (0.756, 4.465)
2.308 (1.132, 4.707)
2.314 (1.134, 4.719)
2.435 (1.194, 4.965)
2.411 (1.182, 4.919)
2.408 (1.188, 4.883)
2.591 (1.270, 5.285)
2.465 (1.215, 4.998)
2.408 (1.187, 4.883)
2.405 (1.186, 4.878)
2.311 (1.133, 4.715)
2.246 (1.099, 4.590)
2.314 (1.134, 4.720)
2.287 (1.118, 4.679)

Figure 4
Meta-analysis of all and high grade CHF associated with VEGFR-TKIs vs. control: ‘leave-one-out’ sensitivity analysis
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substantially higher in phase II trials than that in phase III
trials (P = 0.026), but not for high grade CHF (P = 0.67).

The pathogenesis of angiogenesis inhibitor related
CHF is currently unknown, and multiple mechanisms
might be involved in the pathogenesis of CHF. VEGFR-
TKIs, such as sorafenib, sunitinib, vandetanib, pazopanib,
axitinib and regorafenib, have been shown to increase the
risk of hypertension. The RR for hypertension with these
VEGF-TKIs has been shown to range between 1.71 and 8.06
[23, 25, 26, 30, 32, 33]. Hypertension is a well-known risk
factor for development of CHF, and it is possible that
VEGFR-TKIs use increases CHF through this mechanism
[77]. Another potential mechanism of cardiotoxicity is
through inhibition of the VEGF signal pathway. Inactiva-
tion of endogenous VEGF with an adenoviral vector
encoding a decoy VEGFR could lead to a net reduction in
capillary density, impaired cardiac hypertrophy and loss of
contractile function after pressure overload in mice sub-
jected to transverse aortic constriction [78], while micro-
vascular plasticity allows adaptation of the vascular
network, and thus oxygen supply to enhanced metabolic
demand due to pressure overload [79]. Inhibiting the VEGF
pathway blocks such plasticity, contributing to malad-
aptive hypertrophy of cardiomyocytes. Additionally, the
platelet-derived growth factor (PDGF) signalling pathway
also plays a crucial role in the heart. Inhibition of PDGFR-β
in cardiomyocytes has been shown to induce heart failure
in mice exposed to high vascular pressures [80].

Meta-analysis is considered as a useful tool for
analyzing rare and unintended effects of a treatment
because it could allow synthesis of data and achieve more
stable estimates of effects. However, there are several limi-
tations needed to be considered in our meta-analysis. First,

these studies were conducted at various international
institutions by different investigators and may have poten-
tial bias in reporting the types of adverse events. In par-
ticular, the frequency of CHF is under-reported in clinical
trials. Second, although CHF events were prospectively
collected for each individual study, this analysis was retro-
spective, and there are potentially important differences
among the studies, including differing tumour types,
dosage and administration schedule of VEGFR-TKIs,
periods of study conduct and study investigators. All of
these would increase the clinical heterogeneity among
included trials, which also made the interpretation of a
meta-analysis more problematic. Thirdly, VEGFR-TKI treat-
ment has also been associated with a significant increase
in the risk of hypertension and ATEs. Therefore, an increase
in the risk of CHF may have been secondary to an
increased incidence of hypertension and/or ATE [35].
However, we could not correlate the incidence of CHF with
secondary hypertension or ATE, as neither the causality
nor association was reported in any trial. In addition, we
were not able to correlate our data with dose delays/
interruptions or discontinuations secondary to CHF in the
analysis. Fourthly, all these studies excluded patients with
poor renal, haematological and hepatic function, and are
performed mostly at major academic centres and research
institutions. The analysis of these studies may not apply to
patients with organ dysfunction and in the community,
and the overall incidence and risk of CHF may be higher
in medical practice. Finally, our study was a study-level
meta-analysis and individual patient information was
not available. Therefore, establishment of risk factors
for the development of CHF, including prior exposure
to cardiotoxic agents, or of potentially contributing
comorbid conditions, including prior cardiovascular
disease, was not possible in this analysis. Also, we could
not determine the potential association between patients
who developed CHF during VEGFR-TKIs treatment and effi-
cacy of these drugs. Thus further studies are recom-
mended to investigate this association.

In conclusion, our study suggests that the use of
VEGFR-TKIs is associated with an increased risk of develop-
ing CHF. As these drugs are increasingly used in the
routine treatment of cancer patients and in the setting of
clinical trials in combination with other agents, physicians
and investigators should be aware of this adverse effect
and should monitor patients receiving VEGFR-TKIs closely
to offer early intervention and to optimize the balance
between oncologic clinical benefit and life-threatening
adverse events.
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