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OBJECTIVE: This meta-analysis was performed to investigate hyperlipidemia in patients with carcinoma treated with
vascular endothelial growth factor (VEGF)/vascular endothelial growth factor receptor (VEGFR) inhibitors.
METHODS:We searched for eligible phase II and III studies using PubMed and Embase databases.We then summarized
reported occurrences of hyperlipidemia in patients with different cancers. Relative risk ratios (RRs) and 95% confi-
dence intervals (CIs) were calculated by Revman 5 software in meta-analysis. RESULTS: Eleven trials (4760 subjects)
were included in this meta-analysis. Overall, VEGF/VEGFR inhibitors had similar incidence of hypertriglyceridemia
(RR = 0.56, 95% CI = 0.24%-1.32%, P = .19), hypercholesterolemia (RR = 1.15, 95% CI = 0.42%-3.16%, P =
.78), and LDL elevation (RR=4.58, 95%CI=0.80%-26.25%, P=.09) than control drugs, under high heterogeneity.
Moreover, subgroup analyses found VEGF/VEGFR inhibitors had higher incidence of hypertriglyceridemia (RR =
1.86, 95% CI = 1.37%-2.52%, P < .001) and hypercholesterolemia (RR = 2.95, 95% CI = 2.02%-4.30%, P =
.006) than blank control or placebo control drugs (placebo-controlled-group), although with lower incidence of
hypertriglyceridemia (RR = 0.29, 95% CI = 0.12%-0.69%, P < .001) and hypercholesterolemia (RR = 0.39, 95%
CI = 0.28%-0.56%, P < .001) than positive control drugs (positive-controlled-groups). CONCLUSION: The use of
VEGF/VEGFR inhibitors, especially the multitargeted VEGFR tyrosine kinase inhibitors (VEGFR-TKIs), was associated
with higher risk of hyperlipidemia than the use of placebo, but this risk was less than that associated with mTOR or
FGFR inhibitors. It indicated that clinicians need to pay close attention to the occurrence of hyperlipidemia in
VEGFR-TKIs therapies.

© 2020 The Sixth Affiliated Hospital of Guangzhou Medical University, Qingyuan People’s Hospital. Published by
Elsevier Inc. on behalf of Neoplasia Press, Inc. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
Vascular endothelial growth factor (VEGF) plays an important role
in tumor growth, invasion, and metastasis by promoting angiogenesis.
Small-molecule VEGF-tyrosine kinase inhibitors (TKIs) and VEGF-
binding antibodies are used against various solid tumors and have
been shown to improve overall survival in patients with cancer [1].
These targeted drugs also show a better safety profile than that of tradi-
tional chemotherapeutics.

Advanced tumors rely on receiving sufficient blood supply, and tumors
in the vicinity of vasculature and grow along these vessels. This phenome-
non, called vessel co-option, is particularly important for metastasis and
often occurs in highly vascularized connective tissues [2].
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The process of neovascularization requires multiple steps involving var-
ious cells including vascular endothelial cells, macrophages, and fibro-
blasts, as well as interaction between signaling proteins such as VEGF,
fibroblast growth factor (FGF), and hypoxia-inducible factor-1 (HIF-1)
[3]. Among these, the most critical factor is VEGF because it stimulates en-
dothelial cells to secrete proteases and plasminogen activators, leading to
the degradation of the vessel basement membrane [4].

VEGF family includes VEGF A/B/C/D and placental growth factor [3].
Receptors of the VEGF family, VEGFR-1/2/3, are receptor tyrosine kinases.
VEGFRs are mainly distributed in endothelial cells, bone marrow–derived
cells, and neuronal cell membranes.
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Figure 1. Flowchart of studies.
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The VEGF-TKIs inhibit vascular germination and block the down-
stream signaling pathway, thereby destroying the tumor angiogenesis
network [3]. Bevacizumab is an anti-human VEGF-A recombinant
monoclonal antibody. In vitro and in vivo preclinical studies indicate
that bevacizumab inhibits endothelial cell proliferation, vascular per-
meability, and angiogenesis [5].

Presently, VEGFR-TKIs and anti-VEGF antibody are widely used as
first- and second-line drugs against various advanced cancers. The US
Food and Drug Administration has approved eight VEGF-TKIs, sorafe-
nib, sunitinib, pazopanib, axitinib, cabozantinib, lenvatinib, and
bevacizumab, against various cancers. VEGFR-TKIs are also widely
used against advanced cancers. Clinical application of VEGFR-TKIs has
been expanding because anticancer drugs are now covered by medical
insurance in China. This highlights the need to evaluate differences in
the toxicity profiles of traditional cytotoxic and targeted drugs. How-
ever, few reports have discussed dyslipidemia occurring postapplication
of targeted drugs.

In this study, we performed ameta-analysis examining randomized con-
trolled trials (RCTs) of VEGFR-TKIs and anti-VEGF antibody drugs. This was
done to systematically evaluate the effect of VEGF/VEGFR inhibitors on
blood lipid levels. In this study, we discuss the mechanisms driving the ac-
tivity of these drugs and assess treatment prognoses. By doing so, we hope
to provide clinicians with important information for deciding the strategy
of medication.
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Material and Methods

Search Strategy

We searched for RCTs published in English before March 2019 and
available in PubMed and Embase databases; the search was conducted
according to the principles outlined in the Cochrane Handbook for Sys-
tematic Reviews of Interventions Version 5.1.0. By combining keywords
with free words, we searched for the keywords of the drug names com-
bined with “Random and Controlled”. In addition, we did a manual
search to supplement the results based on the review articles retrieved
related to the drugs and their citations. Additionally, we used the
website http://www.ClinicalTrials.gov to obtain supplementary infor-
mation and published research results corresponding to the RCTs
found in this study.
Data Inclusion and Exclusion Criteria

Included study type: RCTs published in English; no limitation on minimum
number of enrolled subjects;
Subject: adult (age > 18 years old) patients with cancer;
Intervention drugs: VEGFR-TKIs and anti-VEGF monoclonal antibodies
approved for clinical first-line and/or second-line therapy by US Food

http://www.ClinicalTrials.gov


Table 1
Characteristics of Included Studies

Author Year Phase Subject Racial DT DC mPFS
(Months)

AEs NAEs of DT NAEs of DC

Total ≥G3 Total ≥G3

Armstrong [14] 2016 II mNSCLC Multiple Sunitinib Everolimus T: 8.3
C: 5.6

HT 0 0 5 G3:3
HC 1 0 7 0

Brown [13] 2016 c reGBM British Cediranib + gefitinib Cediranib + placebo T: 3.6 HT 0 0 1 1
C: 2.8 HC 0 0 1 1

Choueiri [16] 2015 III a/mRCC Multiple Cabozantinib Everolimus T: 7.4 HT 20 5 40 9
C: 3.8

Flaherty [15] 2015 II mRCC Multiple Sorafenib + temsirolimus Bevacizumab + temsirolimus T: 7.4
C: 9.2

HT 5 1 5 0
HC 5 0 5 2

Han [11] 2018 II raNSCLC Chinese Anlotinib Placebo T: 4.8 HC 15 0 3 0
P: 1.2 ELDL 10 0 0 0

Han, B. [12] 2018 III aNSCLC Chinese Anlotinib Placebo T: 5.4 HT 131 9 34 0
P: 1.4 HC 123 0 20 0

ELDL 62 2 11 0
Hutson [10] 2014 III mRCC Multiple Sorafenib Temsirolimus T: 3.9 HT 18 1 53 8

C: 4.3 HC 16 3 51 6
Kerr [9] 2016 III CRC Multiple Capecitabine + bevacizumab Capecitabine ⁎T: 24-48 w

⁎C: 24 w
HT 2 2 1 0
HC 3 1 2 1

McKay [8] 2016 II CRPC Multiple ADT + bevacizumab ADT Alone †T: 13.3
†C: 10.2

HT 1 0 1 0

Motzer [7] 2014 III mRCC Multiple Borafenib Dovitinib T: 3.6
C: 3.7

HT 2 1 55 G3: 27
G4: 11

Rui-Hua Xu [6] 2017 II mCRC Chinese Famitinib Placebo T: 2.8 HT 11 0 2 0
P: 1.5 HC 11 0 2 0

DT, test drugs;DC, control drugs;G, grade indicating the severity of AEs that depends on the Common TerminologyCriteria for Adverse Events;mPFS, median progression-free
survival;mNSCLC, metastatic non–clear cell renal cell carcinomas; reGBM, recurrent glioblastoma; a/mRCC, advanced ormetastatic renal cell carcinoma; raNSCLC, refractory
advanced non–small cell lung cancer; CRC, metastatic colorectal adenocarcinoma;CRPC, castration-resistant prostate cancer;ADT, androgen deprivation therapy;HC, hyper-
cholesterolemia; HT, hypertriglyceridemia: ELDL, low-density lipoprotein elevation; w, weeks.
⁎ 743 (76%of 968) patients in the capecitabine+bevacizumab group and 746 (77%of 973) in the capecitabine-alone group received 24weeks of capecitabine; 699 (72%)
patients received more than 24 weeks of bevacizumab, with 536 (55%) receiving 48 weeks.

† Replaced by RFS (median relapse-free survival), 10.2 months for ADT alone and 13.3 months for ADT + bevacizumab.
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and Drug Administration, EMA, or National Medical Products Adminis-
tration (NMPA). The following drugs were included: aflibercept,
anlotinib, axitinib, cabozantinib, dovitinib, erlotinib, gefitinib,
pazopanib, pegatanib, sorafenib, sunitinib, pandetanib, patalanib,
famitinib, lenvatinib, bevacizumab, and ramucirumab.
Outcome indicators and determination criteria: hyperlipidemia (includ-
ing hypercholesterolemia, hypertriglyceridemia, or mixed hyperlipid-
emia). Severity of adverse events (AEs) was classified based on
Common Terminology Criteria for Adverse Events published by the US
National Institutes of Health.
Exclusion criteria: non-RCT studies, such as reviews and guidelines, lit-
erature containing published abstracts only, nonclinical research re-
ports employing subjects such as animals and cells, noncomparative
joint treatment reports, and literature for which full text or data were
unavailable.
Figure 2. Bar diagr
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Extraction and Quality Evaluation of Data

The literature was evaluated by two researchers independently. When
their opinion whether to include a study differs, they discussed and then
made a decision with a third researcher. Selection, performance, detection,
attrition, and reporting bias, as well as other biases with respect to included
literature, were assessed using RCT quality assessment criteria listed in the
Cochrane Handbook for Systematic Reviews (Version 5). A data extraction
table was designed to independently extract data related to results specified
previously. Missing, dubious, or divergent data were included only after
discussion.

The information extracted included author, publication year, basic
characteristics of the included subjects, sample size of the test and control
groups, intervention strategy and dose, treatment and follow-up time, and
outcomes for the following AEs: hyperlipidemia, hypertriglyceridemia, hy-
percholesterolemia, and increased LDL.
am of bias risk.



Figure 3. General drawing of bias risk.
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Statistical Analyses

Statistical analysis and graphing of the data were performed using Re-
view Manager 5.3. Occurrence of AEs was a binomial variable represented
by the risk ratio (RR) value and corresponding 95% confidence interval
(CI). Heterogeneity was assessed using the P value ofQ test and I2 measure.
Heterogeneity between studies was considered small if P > .10. I2 < 25%
indicated no heterogeneity, 25%≤ I2< 50% indicated low heterogeneity,
50% ≤ I2 < 75% indicated moderate heterogeneity, and I2 ≥ 75% indi-
cated high heterogeneity between studies. A subgroup analysis was then
used to analyze factors possibly leading to heterogeneity. Sensitivity analy-
ses were performed, and a funnel plot was used for publication-bias analy-
sis. If more than 10 documents were included, results would be compared
with the combined results,
Results

Search Results

The literature search initially retrieved 3618 articles. After removing re-
petitive results, 1046 articles remained; 163 articleswere retained based on
article title and abstract, and then 37 eligible studies involving phase II and
III trials were selected. Among these, 11 studies [6–16] met the inclusion
criteria (Figure 1); these studies reported dyslipidemia events related to
VEGF/VEGFR inhibitors, which involved the following drugs: anlotinib,
axitinib, cabozantinib, gefitinib, dovitinib, sorafenib, sunitinib, famitinib,
and bevacizumab.
Figure 4. Forest plot and RR for incidence ra
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Characteristics of the Included Studies

Six of 11 studies [6,8,11,13–15] were phase II, and the other 5 studies
[7,9,10,12,16] were phase III, which included 2495 and 2265 subjects, re-
spectively. Patients were from China, Japan, Germany, America, Asia,
Africa, or Europe with different cancers. The following test drugs were in-
volved: sunitinib, gefitinib, anlotinib, cabozantinib, sorafenib, famitinib,
and bevacizumab. Characteristics of the included studies are shown in
Table 1.

Methodological Quality and Bias Assessment

The methodological quality of all included studies was assessed using
the Cochrane Collaboration risk of bias tool (Figures 2 and 3). None of all
randomized trials was stopped early or has attrition or reporting bias.
Nine [7,9–16] and 4 [6,11–13] trials reported adequate allocation conceal-
ment and double blinding. All articles were reported specific registry num-
bers except one [8].

Meta-Analysis Results of Dyslipidemia

Hypertriglyceridemia
Ten studies [6–10,12–16] reported on the occurrence of hypertri-

glyceridemia. The experimental groups showed a lower incidence rate
of hypertriglyceridemia compared with that of control groups. Hetero-
geneity between the studies with respect to the incidence rate of
hypertriglyceridemia showed statistically significant differences (P <
te of hypertriglyceridemia in 10 studies.



Figure 5. Forest plot and RR for incidence rate of hypertriglyceridemia in subgroup studies.
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.001, I2 = 88%). The results of meta-analysis, obtained via random ef-
fects model, showed that the incidence rate of hypertriglyceridemia in
the experimental group was nonsignificantly lower (P = .19) than
that in the control group during the observation period (RR = 0.56,
95% CI = 0.24%-1.32%) (Figure 4).

We performed a subgroup analysis based on the type of control used in
the studies.

Among the five studies using placebo as control, three [6,12,13] com-
pared VEGFR-TKIs versus placebo, and two [8,9] compared bevacizumab
joint therapy versus blank. Meta-analysis result showed that the incidence
rate of hypertriglyceridemia was higher in the experimental subgroup
than the placebo-controlled subgroup (RR = 1.86, 95% CI = 1.37%-
2.52%). There was no statistically significant difference in heterogeneity
between five studies (P = .68, I2 = 0%).

The test drugs of all the experimental groups were VEGFR-TKIs in the
other five positive controlled studies; one [15] of them combined sorafenib
with mTOR inhibitor temsirolimus. The incidence rate of hypertriglyc-
eridemia was lower in the experimental subgroup than in the positive-
controlled subgroup (RR = 0.29, 95% CI = 0.12%-0.69%); the heteroge-
neity between the five studies was statistically different (P = .001, I2 =
78%), as shown in Figure 5.
Figure 6. Forest plot and RR for incidence ra
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Hypercholesterolemia
Among the eight studies reporting hypercholesterolemia, seven [6,10–15]

used VEGFR-TKIs to treat the experimental group, and one [9] used
bevacizumab combined with capecitabine. The incidence rate of hypercholes-
terolemia did not show statistically significant differences between experimen-
tal and control groups. Meta-analysis conducted using a random effects model
(heterogeneity: P< .001, I2 = 87%) showed that incidence rate of hypercho-
lesterolemia in the experimental groupwas similar (P=.78) to that in the con-
trol group (RR= 1.15, 95% CI = 0.42%-3.16%) (Figure 6).

Subgroup analysis was performed based on the type of control used in
the studies and using the random effects model.

Among the five studies using placebo as control, three studies [6,11,12]
compared VEGFR-TKIs against placebo, one study [9] compared combined
treatment with bevacizumab and capecitabine against that using capecita-
bine only, and one of them [13] compared gefitinib combined with
cediranib against cediranib alone. Among the three positive-controlled
studies, two studies [10,14] were on VEGFR-TKIs versus an mTOR inhibi-
tor, and one study [15] compared sorafenib with sirolimus combined ther-
apy against that using bevacizumab combinedwith sirolimus. Therewas no
significant difference in heterogeneity between studies in the two sub-
groups (P = .58, I2 = 0%; P = .39, I2 = 0%).
te of hypercholesterolemia in 8 studies.



Figure 7. Forest plot and RR for incidence rate of hypercholesterolemia in subgroup.
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The results showed that the incidence rate of hypercholesterolemia in
the experimental subgroup was higher than in the placebo-controlled sub-
group (RR = 2.95, 95% CI = 2.02%-4.30%) and lower than in the
positive-controlled subgroup (RR = 1.06, 95% CI = 0.41%-2.74%), as
shown in Figure 7.

LDL Elevation
Two [11,12] of all 11 studies, which compared anlotinib against pla-

cebo, reported AEs involving LDL elevation with almost moderate hetero-
geneity (P = .17, I2 = 48%). Meta-analysis (random effects model) result
showed that incidence rate of LDL elevation in the experimental group
was higher than that in the control group (RR = 4.58, 95% CI = 0.80%-
26.25%) (Figure 8).

Publication Bias

In the analyses of hypertriglyceridemia (10 studies) and hypercholester-
olemia (8 studies), at 95% CI, four funnel plots fell outside the dotted line,
respectively. Thus, these indicated the presence of publication bias in this
study, as shown in Figure 9.

Discussion

In patients with tumors, common grade 3 or 4 AEs to VEGF/VEGFR in-
hibitors include hypertension, fatigue, hand-foot syndrome, elevated lipase
levels, lymphopenia, and neutropenia [9,17,18]. In healthy individuals,
early phase clinical trials of VEGF/VEGFR inhibitors showed no specific ad-
verse reactions [19,20]. A number of studies have shown that VEGF/
VEGFR inhibitors can induce thrombosis [21]. Dyslipidemia may promote
Figure 8. Forest plot and RR for incidence
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or intensify the formation of blood clots. When blood lipids are too high,
they can form deposits on blood vessel walls, inducing or aggravating ath-
erosclerosis, which might lead to stroke, renal arteriosclerosis, and limb
necrosis.

A retrospective study of 155 clinical trials of VEGFR-TKIs in patients
with mRCC showed that hypothyroidism or hyperlipidemia may be an ef-
fective predictor of response to VEGFR-TKIs in patients with mRCC. An-
other trial [22] also showed that VEGFR-TKIs can cause AEs involving
dyslipidemia. This notion remains to be confirmed, but it is important to
monitor blood lipid levels during administration of VEGFR-TKIs. We be-
lieve that the risk of dyslipidemia related to use of VEGF/VEGFR inhibitors,
especially VEGFR-TKIs, should be addressed to some extent. However,
heretofore, the mechanisms involved in dyslipidemia caused by VEGF/
VFGFR inhibitors remain unclear.

Yet, there were few studies that reported on dyslipidemia associated
with the use of VEGF/VEGFR inhibitors and that systematically explored
the relationship or incidence between them. For that reason, we performed
a preliminary meta-analysis to compare the incidence rate of dyslipidemia
in the experimental and control groups of eligible phase II and III studies
evaluating VEGF/VEGFR inhibitors. Considering the focus on the effects
of VEGFR-TKIs, our study compared sorafenib and bevacizumab under con-
ditions of joint treatment with sirolimus also included.

As shown by our meta-analysis, overall comparison of the incidence
rates of hypertriglyceridemia and hypercholesterolemia showed high het-
erogeneity, whereas, except for the subgroup which compared with the
positive-controlled-group of hypertriglyceridemia, I2 of other subgroup
analyses, which were based on treatment administered (placebo or
positive control) to the control drugs, was 0% (Figures 4 and 6). It
indicated that the results of subgroups were robust.
rate of LDL elevation in two studies.



Figure 9. Funnel plot of studies that reported hypertriglyceridemia (A) and hypercholesterolemia (B).
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These results demonstrated that the groups treated with VEGF/VEGFR
inhibitors showed higher incidence rate of AEs involving hypertriglyc-
eridemia, hypercholesterolemia, and elevated LDL compared with that of
the placebo-controlled-groups. However, compared with positive-
controlled-groups, the incidence rate of hypertriglyceridemia and
hypercholesterolemia was lower in the groups treated with VEGF/VEGFR
inhibitors.

The positive-controlled-groups included in our study were treated with
everolimus [14,16] and temsirolimus [10] which were mTOR inhibitors,
dovitinib which mainly FLT3/c-Kit/FGFR1/3 inhibits [7], and
bevacizumab [15].

The incidence rate of hypertriglyceridemia for only one study [15]
using bevacizumab as positive control showed an RR of 1.04 (Figure 4).
Yet in the other studies, the incidence rate of hypertriglyceridemia and hy-
percholesterolemia with positive control (mTOR inhibitors and dovitinib)
was higher than the experimental group (Figures 4 and 5).

According to existing reports, mTOR inhibitors, also used against tu-
mors such as RCC, are associated with more metabolic-related grade 3
and 4 AE, such as hypertriglyceridemia, elevated glucose, and
hypophosphatemia [23]. Recent studies have shown that the use of
mTOR inhibitors can lead to elevated levels of blood sugar and lipids
[24,25]. Because VEGF binds to VEGFR to activate the AKT/mTOR path-
way [26,27], blocking the VEGF pathway also indirectly inhibits the
mTOR pathway, which may be associated with a relative increase in
blood lipid levels. So we predict the elevated levels of blood lipids resulting
from the use of VEGF/VEGFR inhibitors may be associated with indirect in-
hibition of the mTOR pathway.

Furthermore, increased blood lipid levels caused bymultitarget VEGFR-
TKIs may also stem from the inhibitory effect of FGFR. In addition to con-
trolling cellular proliferation, differentiation, and survival, endocrine FGF
also regulates the metabolism of phosphate, bile acids, carbohydrates,
and lipids [28]. Specific activation of FGFR participates in the regulation
of metabolism [29].
Table 2
The Rate of Hyperlipidemia of Anlotinib and Placebo in Two Studies

Study. Phase AEs Anlotinib Placebo

Total No. ≥G3 Total No. ≥G3

Han [11] II HCS 15 (25.00%) 0 3 (5.26%) 0
LDLE 10 (16.67%) 0 0 0

Han, B. [12] III HTG 131 (44.6%) 9 (3.1%) 34 (23.8%) 0
HCS 123 (41.8%) 0 20 (14.0%) 0
LDLE 62 (21.1%) 2 (0.7%) 11 (7.7%) 0

HCS, hypercholesterolemia;HTG, hypertriglyceridemia: LDLE, low-density lipopro-
tein elevation.
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Although as a multitarget TKI dovitinib also can inhibit VEGFR, it mainly
acts on FGFR1/3, FLT3, and c-Kit. In the study by Motzer et al. [8], hypertri-
glyceridemia only occurred in 2/284 (0.704%) patients in the sorafenib-
treated group, and only one of them developed grade 3 AEs. However,
hypertriglyceridemia occurred in 55/280 (19.64%) individuals in the
dovitinib-treated group, and 27 and 11 cases of grade 3 and 4 AEs were ob-
served, respectively. In a phase II study [30] comparing a VEGFR inhibitor
and dovitinib for the treatment of patients with RCC, the incidence rate of
AEs involving hypertriglyceridemia in the dovitinib-treated group was 7%.
In a randomized controlled phase III clinical trial (GOLD trial) [31], the inci-
dence rate of hypertriglyceridemia in the dovitinib group was 6.4% (18/
280), of which nine were grade 3 AEs. In addition, compared to sorafenib,
dovitinib did not show any advantage for therapeutic effect.

In a phase II study [32] on therapy against mRCC, treatment with
anlotinib,whichmainly acts on VEGFR1/2/3, FGFR2, PDGFR, and c-Kit, re-
sulted in higher incidence rate of hyperlipidemia than that with sunitinib
(25.6% vs 11.6%). In the two studies [11,12] included in our analysis,
the rate of hyperlipidemia-related AEs associated with the use of anlotinib
was significantly higher than that of the placebo control group (Table 2).

In examining similar studies [33] during our review of the literature, we
found that different VEGF/VEGFR inhibitors are associated with different
rates and degrees of various AEs. This is likely related to differences in
target-binding ability of TKIs and indications. The relationships between
VEGF and atherosclerosis, hypertension, diabetes, and inflammation are
complex.

SerumVEGF in patientswith hyperlipidemia is significantly higher than
that in normal people, while elevated VEGR-R2 is associated with de-
creased VEGF concentrations in obese individuals [34]. As well, treatment
with gefitinib decreases serum levels of total cholesterol, high-density lipo-
protein, and low-density lipoprotein in mice fed a high-fat diet model [35],
which indicates that reducing VEGF levels may mitigate the elevation of
blood lipids. Moreover, bevacizumab and other monoclonal antibodies
against VEGF do not affect increased levels of lipids in the blood, and
such AEs are rarely reported. This indicates that the regulatory effect of
VEGF/VEGFR inhibitors on blood lipids may be bidirectional, depending
on the type of drug, target of action, tumor type, host factors, and concom-
itant anticancer drugs. This hypothesis, however, should be examined in
animalmodels and clinical trials involving patients and healthy individuals.

In our study, the quality of included studies was high, although the
number was few; subgroup analyses of AEs were performed, and the inci-
dence of severe AEs was considered in the discussion.

This meta-analysis also had some limitations. The examined literature
reported only the number and proportion of AEs involving dyslipidemia;
none of them reported or included determined indicator values. Studies
were conducted by different research groups in different international insti-
tutes, so potential bias, whichmay have been present in reporting the types
of AEs, could not be avoid. Additionally, LDL elevationwas only reported in
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two trials, from one pipeline of anlotinib, by Han, B et al. Therefore, the
combination results only figured a trend and were not stable.

In summary, this study indicates that the use of VEGFR/VEGFR inhibi-
tors (especially VEGF-TKIs) could cause an increased risk of dyslipidemia,
so the occurrence and the potential effects of them need to be paid more at-
tention to. Moreover, this risk was primarily influenced by tumor type, host
factors, and concomitant use of anticancer drugs. The results obtained in
our analysis would help clinicians choose appropriate VEGFR/VEGFR in-
hibitors for the treatment of patients with cancer.
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