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Abstract

Background 38.4% of colorectal cancer patients die from non-cancer causes,
among which cardiovascular disease is the leading cause, accounting for 20.3%
of total deaths. Cardiovascular toxicity associated with targeted therapy is
not uncommon, with hypertension being the most prominent. Objective This
study aims to investigate the incidence and risk of fruquintinib treatment-
related cardiovascular toxicity in patients with metastatic colorectal cancer.
Methods  We systematically searched CNKI, Wanfang Data Knowledge
Service Platform, Chinese Biomedical Literature Database, Web of Science,
PubMed, Cochrane Library, and Embase databases for single-arm clinical trials
and randomized controlled trials on fruquintinib treatment in patients with
metastatic colorectal cancer, with the search period from database inception
to May 2024. Two researchers independently conducted literature screening,
data extraction, and quality assessment, and performed meta-analysis using
R 4.3.3 software. Results A total of 8 articles were included, involving 6
single-arm clinical trials and 3 randomized controlled trials. Meta-analysis re-
sults showed: the incidence of all-grade hypertension and hemorrhage was 35%
(95%CI1=0.25~0.45) and 24% (95%CI=0.10~0.37), respectively. For high-grade
events, the incidence of hypertension was 15% (95%CI=0.10~0.20), hemorrhage
was 1% (95%CI=0.00~0.02), thromboembolism was 3% (95%CI=0.02~0.05),
and cardiac disorders was 1% (95%CI=0.00~0.02). Fruquintinib was associated
with an increased risk of all-grade hypertension, high-grade hypertension,
and all-grade hemorrhage, with RRs of 3.93 (95%CI=2.95~5.24), 12.33
(95%C1=5.31~28.63), and 1.84 (95%CI=1.36~2.50), respectively, but was
not associated with high-grade hemorrhage (RR=1.06, 95%CI=0.35~3.23),
thromboembolic events (RR=3.35, 95%CI=0.89~12.55), or cardiac disorders
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(RR=0.62, 95%CI=0.18~2.14). Conclusion Fruquintinib is significantly asso-
ciated with increased incidence and risk of cardiovascular toxicity in patients
with metastatic colorectal cancer, but primarily for low-grade events.
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Abstract

Background: 38.4% of patients with colorectal cancer die from non-cancer
causes, with cardiovascular disease being the most important cause, account-
ing for 20.3% of total deaths. Cardiovascular toxicity associated with targeted
therapy is not uncommon, most notably hypertension. Objective: This study
aimed to determine the overall incidence and risk of cardiovascular toxicity as-
sociated with fruquintinib in metastatic colorectal cancer. Methods: We sys-
tematically searched CNKI, Wanfang Data, PubMed, Embase, Web of Science,
and Cochrane Library databases for single-arm clinical trials and randomized
controlled trials (RCTs) of fruquintinib therapy in patients with metastatic col-
orectal cancer from inception to May 2024. Two investigators independently
performed literature screening, data extraction, and quality assessment. Meta-
analysis was conducted using R 4.3.3 software. Results: Eight articles involv-
ing six single-arm clinical trials and three RCTs were included. Meta-analysis
results showed that the incidence rates of all-grade hypertension and hemor-
rhage were 35% (95%CI=0.25-0.45) and 24% (95%CI=0.10-0.37), respectively.
For high-grade events, the rates were 15% for hypertension (95%CI=0.10-0.20),
1% for hemorrhage (95%CI=0.00-0.02), 3% for embolic and thrombotic events
(95%CI1=0.02-0.05), and 1% for cardiac disease (95%CI=0.00-0.02). Fruquin-
tinib was associated with increased risks for both all-grade and high-grade hy-
pertension, as well as all-grade hemorrhage, with RRs of 3.93 (95%CI1=2.95-
5.24), 12.33 (95%CI=5.31-28.63), and 1.84 (95%CI=1.36-2.50), respectively,
but not for high-grade hemorrhage (RR=1.06, 95%CI=0.35-3.23), embolic and
thrombotic events (RR=3.35, 95%CI=0.89-12.55), or cardiac disease (RR=0.62,
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95%C1=0.18-2.14). Conclusion: Fruquintinib use is associated with a signif-
icantly increased incidence and risk of cardiovascular toxicity in patients with
metastatic colorectal cancer, primarily for lower-grade events.

Keywords: Metastatic colorectal cancer; Fruquintinib; Cardiovascular toxicity;
Meta-analysis

1. Materials and Methods

This study was conducted in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA) guidelines and was reg-
istered with PROSPERO (registration number: CRD42024512891).

1.1 Search Strategy

We systematically searched CNKI, Wanfang Data, Chinese Biomedical Liter-
ature Database, Web of Science, PubMed, Cochrane Library, and Embase
databases from inception to May 2024. The search combined subject head-
ings and free-text terms. Chinese search terms included “£EmBME” (colorectal
tumor), “EBERE" (colorectal cancer), “BME" (rectal cancer), and “BkEER”
(fruquintinib). English search terms included “Colorectal Neoplasms,” “Colorec-
tal Cancers,” “Colorectal Tumors,” and “Fruquintinib.” Chinese databases were
limited to core journals. The specific search strategy for PubMed is provided in

1.2 Literature Screening

Inclusion criteria: (1) Study design: single-arm clinical trials or RCTs; (2)
Study population: patients with metastatic colorectal cancer; (3) Interventions:
for RCTs, fruquintinib plus best supportive care (BSC) in the intervention group
versus placebo plus BSC in the control group; for single-arm trials, fruquintinib
monotherapy or combination therapy; (4) Outcome measures: reporting at least
one clinical outcome of hypertension, hemorrhage, thromboembolism, or cardiac
disease, with adverse events assessed using the National Cancer Institute Com-
mon Terminology Criteria for Adverse Events (NCI-CTCAE).

Exclusion criteria: (1) Cellular or animal studies; (2) Letters to editors,
conference abstracts, case reports, retrospective studies, commentaries, or other
meta-analyses.

Two investigators independently screened literature according to the inclusion
and exclusion criteria, with disagreements resolved through discussion with a
third investigator. Extracted information included first author, publication
year, trial phase, treatment regimen, sample size, follow-up duration, age, NCI-
CTCAE version, and relevant data on hypertension, hemorrhage, thromboem-
bolism, and cardiac disease. For multiple publications from the same popula-
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tion, we included the most comprehensive data. Missing or unclear data were
supplemented using details from https://ClinicalTrials.gov.

1.3 Quality Assessment

We used the revised Cochrane risk-of-bias tool for randomized trials (RoB 2) to
assess RCTs and the Methodological Index for Non-Randomized Studies (MI-
NORS) for single-arm clinical trials.

1.4 Statistical Methods

All statistical analyses were performed using R 4.3.3 and RStudio software.
For RCTs, we calculated relative risk (RR) with 95% confidence intervals (CI)
to assess differences between groups. The I? statistic evaluated heterogeneity,
with P<0.05 and 12>50% indicating significant heterogeneity. A random-effects
model was used when 12>50%; otherwise, a fixed-effects model was applied.
Sensitivity analysis was conducted by sequentially removing each study to assess
result stability. Egger’s test evaluated publication bias, with P<0.05 considered
statistically significant.

2. Results
2.1 Literature Screening Process and Results

The search yielded 625 records: PubMed (n=90), Cochrane Library (n=59),
Web of Science (n=159), Embase (n=257), CNKI (n=8), Wanfang (n=27), and
Chinese Biomedical Literature Database (n=25). After removing 284 duplicates,
341 records remained. Following title and abstract screening, 333 records were
excluded for being irrelevant (n=64), reviews/meta-analyses/protocols (n=156),
unavailable full text (n=60), duplicate publications (n=30), or non-clinical tri-
als (n=23). Eight articles were ultimately included, comprising six single-arm
clinical trials and three RCTs [Figure 1: see original paper].

2.2 Characteristics and Quality Assessment of Included Studies

Baseline characteristics and MINORS scores for single-arm trials are presented
in . Quality assessment results for RCTs using RoB 2 are shown in . All three
RCTs [2,4,9] had “some concerns” regarding bias arising from the randomization
process.

2.3 All-Grade Hypertension

Eight trials [2-4,9-13] reported all-grade hypertension incidence. Significant het-
erogeneity existed among studies (I2=97%, P<0.01), so a random-effects model
was used. The pooled incidence of all-grade hypertension with fruquintinib was
35% (95%CI=0.25-0.45) [Figure 2: see original paper].
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Three RCTs [2,4,9] showed low heterogeneity (I?=0%, P=0.87) for all-grade
hypertension risk. Fixed-effects meta-analysis revealed a significantly higher risk
in the fruquintinib group versus control (RR=3.93, 95%CI1=2.95-5.24, P<0.05)
[Figure 3: see original paper].

2.4 High-Grade Hypertension

Nine trials [2-4,9-13] reported high-grade hypertension incidence. Significant
heterogeneity was observed (I?=88%, P<0.01), and random-effects analysis
showed a pooled incidence of 15% (95%CI=0.10-0.20) [Figure 4: see original
paper].

Three RCTs [2,4,9] demonstrated low heterogeneity (I2=0%, P=0.86). Fixed-

effects analysis indicated a significantly increased risk in the fruquintinib group
(RR=12.33, 95%CI=5.31-28.63, P<0.05) [Figure 5: see original paper].

2.5 All-Grade Hemorrhage

Three trials [2,4,10] reported all-grade hemorrhage events. Significant hetero-
geneity existed (I?=95%, P<0.01). Random-effects meta-analysis showed a
pooled incidence of 24% (95%CI1=0.10-0.37) [Figure 6: see original paper].

Two RCTs [2,4] had low heterogeneity (I°=34%, P=0.22). Fixed-effects anal-
ysis revealed a significantly higher risk in the fruquintinib group (RR=1.84,
95%CI=1.36-2.50) [Figure 7: see original paper].

2.6 High-Grade Hemorrhage

Three trials [2,4,10] reported high-grade hemorrhage events. Heterogeneity was
moderate (I2=55%, P=0.11). Random-effects analysis showed a pooled inci-
dence of 1% (95%CI=0.00-0.02) [Figure 8: see original paper].

Two RCTs [2,4] showed low heterogeneity (I2=0%, P=0.83). Fixed-effects analy-
sis found no significant difference between groups (RR=1.06, 95%CI=0.35-3.23)
[Figure 9: see original paper].

2.7 High-Grade Thromboembolism

Two RCTs [4,9] reported high-grade thromboembolic events with low hetero-
geneity (I2=0%, P=0.70). Fixed-effects analysis showed a pooled incidence of
3% (95%CI1=0.02-0.05) [Figure 10: see original paper]. No significant risk differ-
ence was found between groups (RR=3.35, 95%CI=0.89-12.55) [Figure 11: see
original paper].

2.8 High-Grade Cardiac Disease

Two RCTs [4,9] reported high-grade cardiac disease with low heterogeneity
(I’=0%, P=0.41). Fixed-effects analysis showed a pooled incidence of 1%
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(95%C1=0.00-0.02) [Figure 12: see original paper|. No significant risk difference
was observed (RR=0.62, 95%CI=0.18-2.14) [Figure 13: see original paper].

2.9 Sensitivity Analysis and Publication Bias

Sensitivity analysis by sequentially excluding each study did not affect the
pooled effect estimates, indicating robust results. Egger’s test revealed pub-
lication bias for high-grade hypertension incidence (t=2.86, P=0.02); after trim-
and-fill correction, the pooled estimate was 8% (95%CI=0.02-0.15). Funnel plots
for other outcomes were symmetrical, and Egger’s tests (P>0.05) indicated no
significant publication bias.

3. Discussion

Evidence indicates that the small-molecule tyrosine kinase inhibitor (TKI) rego-
rafenib increases hypertension risk in metastatic colorectal cancer patients [14].
Two previous meta-analyses reached similar conclusions regarding common car-
diovascular toxicities—hypertension, hemorrhage, thromboembolism, and car-
diac disease—demonstrating associations with small-molecule TKI use [5-6].
These adverse events not only complicate treatment but may also cause treat-
ment discontinuation, significantly increasing mortality [15]. Therefore, this
meta-analysis was necessary to determine the incidence and risk of fruquintinib-
related cardiovascular toxicities to guide clinical practice.

A meta-analysis of 72 RCTs found that solid tumor patients receiving small-
molecule TKIs had an all-grade hypertension incidence of 23.0% (95%CI=20.1-
26.0) and high-grade incidence of 4.4% (95%CI=3.7-5.0), with RRs of 3.85
(95%C1=3.37-4.40) and 4.60 (95%CI=3.92-5.40), respectively [16]. A network
meta-analysis of nine FDA-approved small-molecule TKIs found that lenvatinib
carried the highest risk for all-grade hypertension, followed by vandetanib, while
regorafenib and nintedanib had relatively lower risks; high-grade hypertension
risks may be similar across these agents [17]. Previous meta-analyses also
showed that cancer patients receiving small-molecule TKIs had significantly in-
creased all-grade hemorrhage risk (9.1%, 95%CI=6.8-12.1), but not high-grade
hemorrhage, thromboembolism, or cardiac disease [5,18]. Notably, two meta-
analyses demonstrated significantly increased all-grade cardiac disease risk with
small-molecule TKIs, though all-grade thromboembolism risk was not signifi-
cantly altered [5-6]. However, another meta-analysis found that small-molecule
TKIs did not significantly increase all-grade venous thromboembolism risk but
did increase all-grade arterial thromboembolism risk [19].

Our findings indicate that fruquintinib is associated with significantly increased
hypertension incidence and risk, which appears slightly higher than other small-
molecule TKIs [10], possibly related to tumor type. Colorectal cancer itself has
multiple hypertension risk factors, such as high BMI and sedentary lifestyle,
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making these patients more susceptible. Studies have shown that metastatic col-
orectal cancer patients have significantly increased all-grade hypertension risk
(RR=4.05, 95%CI=3.16-5.20) [16]. Additionally, regorafenib, another small-
molecule TKI for metastatic colorectal cancer, has similar hypertension inci-
dence and risk profiles [20-22], supporting this hypothesis. Consistent with
previous meta-analyses [18], fruquintinib significantly increased all-grade hem-
orrhage risk (24% incidence), which is slightly higher than other small-molecule
TKIs. However, high-grade hemorrhage risk was not significantly increased,
suggesting relative safety. Similar to prior research [5], fruquintinib did not
increase high-grade thromboembolism or cardiac disease risks, with incidence
rates below 5%. Due to limited included studies, we could not comprehensively
assess all-grade thromboembolism and cardiac disease risks.

This study has several limitations. First, data scarcity prevented pooling of
all-grade thromboembolism and cardiac disease incidence and risk. Second, the
limited number of included studies precluded subgroup analysis. Third, except
for FRESCO-2—a phase III trial conducted across North America, Europe,
Asia, and Australia [4]—most trials enrolled only Chinese patients. Finally, all
included patients had colorectal cancer, though recent trials have investigated
fruquintinib in other malignancies. Future research should explore racial and
tumor-type differences.

4. Conclusion

Fruquintinib is associated with increased cardiovascular toxicity risk in
metastatic colorectal cancer patients, including all-grade and high-grade
hypertension and all-grade hemorrhage. No associations were found with
high-grade hemorrhage, thromboembolism, or cardiac disease. Clinicians
should remain vigilant for and manage high-grade cardiovascular toxicities in
patients receiving fruquintinib.
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