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Cancer patients with potential eligibility for vascular
endothelial growth factor antagonists use have an
increased risk for cardiovascular diseases
comorbidities

Fei Liu®, Tesfaldet H. Hidru®, Ruiyuan Gao, Yajuan Lin, Ying Liu, Fengqi Fang, Jiwei Liu, Huihua Li,

Xiaolei Yang, and Yunlong Xia

Background: Recent studies have reported the prevalence
of cardiovascular diseases (CVDs) among cancer patients
following the use of the vascular endothelial growth factor
(VEGF) signaling inhibitors. However, data for patients with
a history of cancer before active cancer treatment are
lacking. This study aims to investigate the distribution of
CVD-related comorbidities before cancer treatment in
potential VEGF antagonists candidates.

Methods: A total of 22 500 newly diagnosed cancer
patients registered from 1 January 2011 to 31 December
2017 were included. Cancer patients with colorectal
cancer (CRC), renal cell carcinoma (RCC), thyroid cancer,
hepatocellular carcinoma (HCC), and lung cancer were
selected.

Results: Hypertension (HTN), coronary heart diseases,
atrial fibrillation, and heart failure were top CVD
comorbidities among studied cancers. HTN was the most
prevalent CVD (26.0%). The prevalence of HTN in RCC,
CRC (33.5 and 29.4% respectively) was significantly higher
than that in HCC, lung cancer, and thyroid cancer patients
(25.1, 24.5, and 23.1%, respectively). Among cancer
patients with HTN, the majority of cancer patients fall in
grade lll (75.7%) and very high cardiovascular risk level
(85.4%). Out of the 5847 HTN patients, 26% were not in
antihypertensive use, and 34.2% failed to achieve the
target blood pressure.

Conclusion: Cancer patients carry a high burden of CVD-
related comorbidities before the application of VEGF
antagonists. HTN is the most prevalent comorbid
condition, and cancer patients with HTN constitute
substantial cardiovascular risks and a higher co-prevalence
of other CVDs.

Keywords: cancer, cardiovascular diseases, hypertension,
vascular endothelial growth factor inhibitors
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cholesterol; RCC, renal cell carcinoma; TC, total
cholesterol; VEGF, vascular endothelial growth factor

INTRODUCTION

n recent years, an increasing number of cancer survi-
I vors with cardiovascular comorbidities are emerging,
mainly attributed to the advances in treatment [1]. For
instance, drugs that block the vascular endothelial growth
factor (VEGF) signaling pathway (VSP) have expanded the
therapeutic options for several solid tumor cancers, such as
metastatic colorectal cancer, nonsmall cell lung cancer,
renal cell carcinoma, thyroid cancer, and hepatocellular
carcinoma [2-7]. However, among cancer Ssurvivors
treated with VSP inhibitors, increasing evidence demon-
strates that cardiovascular (CV) diseases (CVDs) have
become a growing concern leading to premature morbid-
ity and mortality. Evidence showed that 25—-66% of VSP-
treated fatal events in cancer patients occur with vascular
diseases, especially including hypertension (HTN), arte-
rial thromboembolism, and myocardial infarction [8]. As
such, a careful assessment of risk factors for cardiovascu-
lar events is necessary for patients before receiving
antiangiogenic therapies.
Currently, there are two major classes of VEGF inhibitors
in clinical practice (monoclonal VEGF antibodies and small
molecule VEGF receptor tyrosine kinase inhibitors). Both
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classes carry a different list of indications for different solid
tumors and their application is associated with an increased
incidence of HTN during administration [9]. Previous stud-
ies reported the prevalence or incidence rate of CVD
following VEGF antagonists or any anticancer therapy.
However, no study reported the prevalence of the common
comorbid cardiovascular conditions in cancer patients who
are either ready for the VEGF antagonist use or potentially
eligible for VEGF use because of their clinical conditions.
Therefore, this study aims to investigate the distribution of
CVD-related comorbidities before the VEGF antagonists
application in the cancer-affected population.

MATERIALS AND METHODS
Study design and participants

This cross-sectional study was based on data from the Elec-
tronic Medical Record Research Database (EMRRD) of the first
affiliated hospital of Dalian Medical University (FAHDM). The
EMRRD is developed to establish a computerized clinical
database, and the clinical records are updated continuously.
Atotal of 24487 histologically confirmed cancer patients, who
were hospitalized at FAHDM between 1 January 2011 and 31
December 2017 were retrieved for this study. Inclusion criteria
include age above 18 years, free of any previous use of
anticancer therapy, and potentially be treated with VEGF
antagonist. After excluding patients who were not candidates
for VEGF antagonist use (whether during their first visit or
potentially in the near future), had a history of any anticancer
therapy, and/or had data errors, 22 500 patients were included
in the analysis (Fig. 1). FAHDM approved this study, and all
patients were informed about their participation and provided
their consent to participate in the present study.

A cross-sectional study of newly diagnosed cancers

Tumor site selection

Choice of tumor sites was based on the criteria for VEGF
antagonists use or potential eligibility for the VEGF antago-
nists use in the future. The VEGF antagonists are prescribed
for advanced cancer and known to be useful for different
solid tumors including, colorectal cancer, advanced renal
cell carcinoma, symptomatic, progressive or unresectable
medullary thyroid cancer, unresectable hepatocellular carci-
noma, nonsmall cell lung cancer [2—7]. Therefore, histologi-
cally confirmed colorectal cancer (CRC), renal cell carcinoma
(RCO), thyroid cancer, hepatocellular carcinoma (HCC) and
lung cancer were included for this study.

Data collection and covariates

Presence of comorbid CVD conditions was assessed using all
available data at the cancer diagnosis. The researcher focused
primarily on medical records. Trained health professionals
examined the hospital medical records, and they retrieved
information related to demographic characteristics of patients,
health problems (past and current medical conditions),
comorbid conditions, and lifestyle-related data, such as alco-
hol use, cigarette smoking. A patient was considered to have
HTN if a SBP at least 140 mmHg, mean DBP at least 90 mmHg,
and/or current use of an antihypertensive was present in their
medical history [10]. Whereas the grade and cardiovascular
risk stratification of HTN were defined based on 2018 Chinese
Guidelines for Prevention and Treatment of Hypertension
[11]. The three grades of HTN were defined as follows: grade
1 (SBP 140-159mmHg; DBP 90-99mmHg), grade 2
(SBP 160-179 mmHg; DBP 100-109 mmHg) and grade 3
(SBP >180mmHg; DBP >110mmHg). The cardiovascular
risk stratification of HTN was categorized into four levels

Individuals with Colorectal cancer, Renal cell carcinoma,
Thyroid cancer, Hepatocellular carcinoma and Lung cancer
receiving care between January, 2011 and December, 2017

(N=24487)

A

=
=

Patients excluded due to pre-existing
diagnosis of cancer
(n=1465)

Patients excluded due to missing data
(n=522)

Final included number of

patients
(n=22500)
|
CRC TC RCC LC HCC
(n=4689) (n=1471) (n=1220) (n=12546 ) (n=2574)

FIGURE 1 Flow chart of study population. CRC, colorectal cancer; HCC, hepatocellular carcinoma; LC, lung cancer; RCC, renal cell carcinoma; TC, thyroid cancer.
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including low risk, moderate risk, high risk, and very high risk.
Coronary heart disease (CHD) was defined based on the
presence of either angina or history of heart attack evidenced
by medical records. Dyslipidemia was defined as total choles-
terol at least 240mg/dl, low-density lipoprotein at least
160 mg/dl, high-density lipoprotein less than 40 mg/dl, or
use of lipid-lowering drugs [12]. Diabetes mellitus was defined
as fasting plasma glucose at least 126 mg/dl or treatment with
insulin or oral hypoglycemic medication [13]. Smoking was
defined as current smoking status or a lifetime consumption of
more than 100 cigarettes.

Statistical method

Continuous variables were expressed using the mean 4+ SD,
and categorical data were presented using frequency and
percentage. Statistical significance of differences for cate-
gorical variables was tested using chi-square. Comparison
between continuous data for two independent groups
between the HTN and without HTN groups was conducted
using the independent sample #-test. One-way ANOVA was
used to compare the difference between three or more
groups. Age and sex-adjusted binary logistic analysis was
employed to examine the associations between HTN and
the risk factors of CVD among different studied cancers. A
two-sided P-value of less than 0.05 was considered statisti-
cally significant. All analyses were performed using SPSS
software version 24.0 (SPSS, Chicago, Illinois, USA).

RESULTS

Prevalence and distribution of comorbid
cardiovascular conditions for different tumor
types

Table 1 summarizes the baseline demographic character-
istics of the study. Of the 22500 patients included, women
(43%) were slightly lower than men, and the mean age of

TABLE 1. Baseline characteristics of the participants

1 With HTN Without HTN
Rcc| 335 ,
crRe| 204 22 :
Hce| 254 : P <0.05
TC| 231 i
0 25 50 75 100

Percentage (%)

FIGURE 2 Distribution of hypertension among different cancer patients. CRC,
colorectal cancer; HCC, hepatocellular carcinoma; HTN, hypertension; LC, lung
cancer; RCC, renal cell carcinoma; TC, thyroid cancer.

the participants was 67 £12 years. Cancer patients bear a
high burden of CVD-related comorbidities. When examin-
ing all cancer patients, HTN was the most prevalent car-
diovascular comorbid condition (26.0%). Other comorbid
conditions include CHD (7.8%), HF (3.3%), and atrial fibril-
lation (4.2%). The rates of the above comorbid conditions
vary among the studied cancers. As shown in Fig. 2, the
prevalence of HTN in RCC and CRC was significantly
higher(33.5 and 29.4%, respectively) than the prevalence
of HTN in thyroid cancer, lung cancer, and HCC (23.1, 24.5,
and 25.1%, respectively).

The prevalence of hypertension according to
different grades and cardiovascular risk
stratifications

When examining HTN prevalence among the cancer
patients based on the grades and stratifications of cardio-
vascular risk, we found that the majority of cancer with HTN

Variables Total (22 500) CRC (4689) TC (1471) RCC (1220) LC (12546) HCC (2574) P value
Age (years) 66.9+12.2 70.3+12.1 55.6+13.9 65.3+12.7 67.6+11.4 649+11.0 <0.001
Female [(n) (%)] 9724 (43.2) 1882 (40.1) 1125 (76.5) 380 (31.1) 5768 (46.0) 569 (22.1) <0.001
HTN [n (%)] 5847 (26.0) 1380 (29.4) 340 (23.1) 409 (33.5) 3072 (24.5) 646 (25.1) <0.001
SBP (mmHg) 127.2+12.5 127.3+11.9 1243+12.3 130.4+11.9 127.6+12.7 125.5+12.6 <0.001
DBP (mmHg) 77.7+7.5 77.2+6.4 77.3+£7.1 79.4+6.8 77.9+79 77.2+7.6 <0.001
CHD [n (%)] 1762 (7.8) 411 (8.8) 71 (4.8) 115 (9.4) 1043 (8.3) 112 (4.7) <0.001
HF [n (%)] 732 (3.3) 175 (3.7) 20 (1.4) 37 (3.0) 452 (3.6) 48 (2.0) <0.001
AF [n (%)] 950 (4.2) 265 (5.7) 28 (1.9) 50 (4.1) 530 (4.2) 77 (3.0) <0.001
TC (mg/dl) 191.0+£49.0 192.0+48.7 201.1£46.1 190.0 +48.6 193.9+47.5 169.6 £53.5 <0.001
TG (mg/dl) 138.9+102.4 142.9+108.7 155.8+118.0 162.5+138.0 138.9+96.7 110.7+79.6 <0.001
LDL-C (mg/dl) 112.6 £33.9 112.9+£34.2 116.9+£31.0 111.9+£31.7 114.3+£32.8 100.9+38.5 <0.001
HDL-C (mg/dl) 43.3.+£12.6 42.9.4+£12.2 46.6+12.6 41.2+11.3 44.4+12.1 37.6+14.4 <0.001
CV risk factors [n (%)]
Dyslipidemia 5856 (52.6) 1375 (53.9) 314 (48.2) 310 (56.1) 3072 (49.7) 785 (65.8) <0.001
TCh >240 mg/dl 1574 (14.1) 378 (14.8) 122 (18 7) 73 (13.2) 893 (14.5) 108 (9.0) <0.001
LDL-C >160 mg/d| 876 (7.9) 195 (7.6) 9 (9. 41 (7.4) 499 (8.1) 82 (6.9) 0.458
HDL-C <40 mg/dl 4585 (41.2) 1086 (42.5) 211 (32 4) 260 (46.9) 2319 (37.5) 709 (59.4) <0.001
Current smoking 5687 (25.6) 853 (18.6) 9 (6. 252 (21.0) 3580 (28.8) 903 (35.9) <0.001
Alcohol consumption 3243 (15.0) 587 (13.0) 4 (4. 157 (13.4) 1731 (14.4) 704 (28.6) <0.001
DM 3247 (14.4) 827 (17.6) 151 (10.3) 199 (16.3) 1584 (12.6) 486 (18.9) <0.001

Continuous variables were expressed using the mean +SD, and categorical data were presented using frequency and percentage. P values are derived from one-way ANOVA for
continuous variables and x“ for categorical variables among different cancer sites. AF, atrial fibrillation; CHD, coronary heart disease; CRC, colorectal cancer; CV, cardiovascular; DM,
diabetes mellitus; HCC, hepatocellular carcinoma; HDL-C, high-density lipoprotein cholesterol; HF, heart failure; HTN, hypertension; LC, lung cancer; LDL-C, low-density lipoprotein
cholesterol; RCC, renal cell carcinoma; TC, thyroid cancer; TCh, total cholesterol; TG, triglycerides.
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TABLE 2. The prevalence of hypertension based on grades and cardiovascular risk stratifications among cancer patients

Total CRC

HTN (n) 5847 1380
Grade classification [n (%)]

Grade | 184 (3.9) 38 (3.6)

Grade Il 955 (20.4) 228 (21.8)

Grade I 3541 (75.7) 779 (74.5)
Cardiovascular risk stratification [n (%)]

Low risk 35 (0.8) 9 (0.9)

Moderate risk 157 (3.6) 35 (3.6)

High risk 445 (10.2) 105 (10.9)

Very high risk 3729 (85.4) 818 (84.6)

TC {de LC HCC
340 409 3072 646
21 (7.7) 7(2.4) 99 (3.8) 19 (3.9)
46 (16.9) 65 (22.6) 521 (20.2) 95 (19.4)
205 (75.4) 216 (75) 1965 (76) 376 (76.7)
5(2.0) 1(0.4) 18 (0.7) 2 (0.4)
1 (4.5) 5(1.9) 90 (3.7) 16 (3.6)
7 (11) 25 (9.3) 247 (10.2) 41 (8.9)
203 (82.5) 239 (88.6) 2066 (85.3) 403 (87.2)

Data were presented using frequency and percentage. CRC, colorectal cancer; HCC, hepatocellular carcinoma; HTN, hypertension; LC, lung cancer; RCC, renal cell carcinoma; TC,

thyroid cancer.

cases fall at the higher grades, and higher cardiovascular
risks as well. In this study, cancer patients with grade III
hypertension account 75.7% out of the total hypertension
cases. Whereas, cancer patients diagnosed with grade I and
IT HTN accounts for 3.9 and 20.4%, respectively (Table 2,
Fig. 3). Similar findings were observed following the eval-
uation of cancer patients based on the levels of cardiovas-
cular risk stratification of HTN. Out of the total cancer
patients with HTN, the prevalence of very high-risk level
was found to be 85.4%. However, high risk, moderate risk,
and low risk present a smaller percentage of hypertension
prevalence (10.2, 3.6, and 0.8, respectively). This trend was
similar for all the studied cancers. The proportion of very
high cardiovascular risk level in RCC was the highest than
other cancers (88.6%).

Co-prevalence of hypertension with other
cardiovascular diseases or risk factors

As shown in Table 3, the burden of HTN tend to increase in
advanced age groups (72.3+10.6 vs. 65.1 £ 12.2, P< 0.001)
and was higher in women (45.7 vs. 42.4%, P < 0.001). Also,
cancer patients with HTN had higher proportion of cardio-
vascular comorbidities, such as CHD (21.3 vs. 3.1%,
P <0.001), HF (8 vs 1.6%, P<0.001), and atrial fibrillation
(9.7 vs. 2.3%, P<0.001). When examining co-prevalence
by CVD risk factors, the cancer patients with HTN had a
higher proportion of dyslipidemia (56.6 vs. 50.5%,
P <0.001), diabetes mellitus (32.8 vs. 8%, P<0.001), and
hyperuricemia (51.2 vs. 36.6%, P<0.001). Also the mean
values of creatinine (103.7 +126.4 vs. 78 £61.3, P< 0.001)
was higher in cancer patients with HTN. However, there
was no statistically significant difference in the proportion

(a) 120 Bl gradel grade Il grade Il
100

£ 8o+

S

8 60—+

S 30T

o
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CRC TC RCC LC HCC

of smokers between the hypertensive and nonhypertensive
cancer patients (25.4 vs. 25.7%, P=0.596).

Among the different tumor sites, the proportion of
cancer patients who were diagnosed with heart failure,
CHD, and atrial fibrillation was significantly higher in the
HTN group compared with those without HTN. Also, the
mean age and proportion of diabetes mellitus were signifi-
cantly higher in the HTN group compared with non-HTN
(P <0.05). Moreover, women were significantly higher in
HTN group compared with their counters in all tumor sites,
except in thyroid cancer (74.4 vs. 77.1%, P=0.305). Simi-
larly, dyslipidemia was higher in the hypertension group
compared with those without HTN, except for HCC (66.2
vs. 65.6%, P> 0.05). There was not a statistically significant
difference in smoking between the two groups in all cancer
sites but not in thyroid cancer patients (11.4 vs. 5.6%,
P <0.00D). Similarly, alcohol consumption was significantly
higher in the HTN group compared with their counterparts
in thyroid cancer patients, but there were no significant
differences in the other types of cancers. Regardless of
cancer sites, patients with higher uric acid and creatinine
values had a higher likelihood of HTN.

Associated factors of hypertension among
cancer patients

Table 4 shows the associations between the presence of
HTN and conventional risk factors of CVD among different
studied cancers. Age and sex-adjusted binary logistic
regression showed that CRC, RCC, lung cancer, and HCC
patients with CHD, heart failure or atrial fibrillation had
an increased likelihood of HTN. Similarly, thyroid cancer
patients with CHD [odds ratio (OR) = 6.064, 95% CI: 3.433—

—~
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FIGURE 3 The prevalence of hypertension according to different grades (a) and cardiovascular risk stratifications (b). CRC, colorectal cancer; HCC, hepatocellular

carcinoma; LC, lung cancer; RCC, renal cell carcinoma; TC, thyroid cancer.
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TABLE 5. Blood pressure control in different grades

Total CRC

A cross-sectional study of newly diagnosed cancers

(5685) 1(38)

11(223) 11 (758) 1(21) 1 (45)

Target BP
[n (%)]

SBP>140mmHg 1877 (33)
[n (%)]

DBPe>90mmHg 433 (7.6)
[n (%)]

5(13.2) 46 (20.6) 261 (34.4) 2(9.5)

0(0.0) 9(40) 41(3.4) 000 12

111 (202) 1(6) 1 (64)

8(17.8) 61(30.2) 0(0.0)

22 (10.9) 0(0.0) 3(4.7)

1 (215)  1(95) 11 (504) 111(1899) 1(19) 11(94) 1l (367)

3741 (65.8) 33 (86.8) 174 (78.0) 492 (64.9) 19 (90.5) 37 (82.2) 137 (67.8) 6 (100.0) 45 (70.3) 119 (55.3) 71 (74.7) 364 (72.2) 1181 (62.2) 18 (94.7) 71 (75.5) 226 (61.6)

19(29.7) 94(43.7) 22 (23.2) 135(26.8) 699 (36.8) 1(5.3) 21(22.3) 138(37.6)

22(10.2) 5(5.3) 30(6.00 141(74) 0(0.00 4(43) 39(10.6)

BP, blood pressure; CRC, colorectal cancer; HCC, hepatocellular carcinoma; HTN, hypertension; LC, lung cancer; RCC, renal cell carcinoma; TC, thyroid cancer.

TABLE 6. Blood pressure control in different cardiovascular risk stratifications

Total

(5685) 1+11 (43)

+1V (904)  I-+11 (16)

+1V (227)

Target BP [n (%)] 3741 (65.8) 35 (81.4) 611 (67.6) 15 (93.8) 161 (70.9)

SBP >140 mmHg, 1877 (33) 8(18.6) 287 (31.7) 1(6.3) 62 (27.3)
[n (%)]

DBP >90 mmHg, 433 (7.6) 1(2.3) 46 (5.1) 0 (0.0) 21(9.3)
[n (%)]

1+11 (6) M+IV (262) 1411 (98)  NI+IV (2241) I+11 (18)  1I+IV (435)
4 (66.7) 156 (59.5) 74 (75.5) 1443 (64.4) 13(72.2) 282 (64.8)
2(33.3) 104 (39.7) 24 (24.5) 774 (34.5) 5(27.8) 148 (34.0)
0(0.0) 23(8.8) 6(6.1) 158 (7.1) 0(0.0) 41 (9.4)

The cardiovascular risk stratifications of HTN were categorized into four levels including: | (low risk), Il (moderate risk), lll (high risk), and IV (very high risk). BP, blood pressure; CRC,
colorectal cancer; HCC, hepatocellular carcinoma; HTN, hypertension; LC, lung cancer; RCC, renal cell carcinoma; TC, thyroid cancer.

10.712] and atrial fibrillation (OR =5.335, 95% CI: 1.983—
14.355) had a higher risk of having HTN. The patients
diagnosed with HCC and CHD [OR: 9.401; 95% confidence
interval (CD) 5.966—14.814] had increased risk of HTN. In
contrast, there was no statistically significant association
between heart failure in thyroid cancer patients and HTN.

In the present study, cancer patients diagnosed with
cardiovascular disease were found to have an increased
likelihood of HTN among patients diagnosed with RCC,
with the highest OR observed for CHD (OR: 7.804; 95% CI:
2.985-20.588) and heart failure (OR: 5.915; 95% CI: 3.710—
9.429). Moreover, increased triglycerides, uric acid, and
creatinine levels and a prior diagnosis of diabetes mellitus
were significantly associated with the risk of having HTN in
all the studied cancers. Also, patients diagnosed with thy-
roid cancer, RCC, lung cancer, and HCC who were recorded
as alcohol drinkers had a higher risk of HTN. The ORs
and 95% CI for HTN among alcohol drinkers for thyroid
cancer, RCC, lung cancer, and HCC were (OR: 1.876; 95%
CI: 1.006-3.497), (OR: 1.980; 95% CI: 1.356—2.890), (OR:

120

Hl gradel grade I grade il

100

Percentage of target pressure (%)

1.279; 95% CI: 1.123—-1.458), and (OR: 1.392; 95% CI: 1.112—
1.741), respectively. Also, dyslipidemia was significantly
associated with the risk of having HTN in thyroid cancer,
RCC, lung cancer, and HCC. However, it was not signifi-
cantly associated with increased risk of HTN in CRC and
HCC patients.

Blood pressure control among the

hypertension patients

Only 74.1% of cancer patients with HTN were in antihyper-
tensive use. Out of the total HTN patients, only 65.8%
achieved the normal blood pressure readings (SBP
<140 mmHg and DBP <90 mmHg). Among those patients
that did not achieve the normal range of blood pressure
readings, 33% were failed to achieve normal SBP, whereas
7.6% failed to meet the normal DBP readings. Regardless of
tumor sites, most of the patients with the higher HTN grade
or cardiovascular risk level tend to have poor blood pres-
sure control (Tables 5 and 6 and Fig. 4).

—~
o
~

120

Il stage I+l stage llI+IV

100

80

Percentage of target pressure (%)

o

80
60 60
40 40
20 20
CRC TC RCC LC HCC 0= CRC _ TCc __RCC _ LC _ HCC

FIGURE 4 Condition of blood pressure among different grades (a) and cardiovascular risk stratifications among different cancers (b). The cardiovascular risk stratification of
hypertension was categorized into four levels including: | (low risk), Il (moderate risk), Il (high risk), and IV (very high risk). CRC, colorectal cancer; HCC, hepatocellular
carcinoma; LC, lung cancer; RCC, renal cell carcinoma; TC, thyroid cancer.
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DISCUSSION

The main findings of our study reported that cancer
patients, with the potential indication for the treatment of
VSP inhibitors, carry a significant burden of CVD-related
comorbidities, with HTN prevalence tops other comorbid
conditions. Patients with higher HTN grades and cardio-
vascular risk level account for the higher proportion of
hypertensive patients in all the studied cancers. Patients
with HTN tend to carry more co-existent CVDs and cardio-
vascular risk factors compared with those without HTN.
Also, this study reported that the majority of HTN patients
were in antihypertensive use, but only 65.8% achieved
the target BP, suggesting that HTN management of blood
pressure was lacking.

Emerging evidence suggests an intimate relationship
between CVDs and cancer, which may result from several
shared risk factors such as inflammation, reactive oxygen
species, and so on [14]. In this study, CVD conditions,
including HTN, CHD, heart failure, and atrial fibrillation
were common CVD comorbidities among the studied can-
cer cases. According to the present study, HTN was the most
prevalent CVD (26.0%), which was similar to that in the
general population according to the latest China Hyperten-
sion Survey [15]. The increase in blood pressure is indeed
associated with a higher risk of cardiovascular events,
arterial thromboembolism, and proteinuria [16], and may
also limit the therapeutic benefits of VEGF inhibitors,
bringing to dose reduction or therapy withdrawal. For
instance, a previous study reported that 25-66% of cancer
patients die of fatal events because of VSP-associated
cardiotoxicity that eventually develops to HTN, arterial
thromboembolism, myocardial infarction, and so on [8].

The present study showed that the distribution of HTN
was found to differ from various types of cancer. According
to our results, the higher prevalence was observed in RCC
(33.5%) and CRC (29.4%). Although many studies and meta-
analyses showed that HTN could be considered as the main
risk factor for the development and progression of certain
types of cancer, the association between these clinical
entities is still not clear [17]. However, increasing evidence
showed that HTN affects the possibility for the develop-
ment of RCC. It was also suggested that chronic renal
hypoxia during HTN could induce up-regulation of hyp-
oxia-inducible factors, which in turn plays a significant role
in oncogenesis [18,19]. A shred of evidence established that
oxidative stress [19] and lipid peroxidation [20,21] are
associated with HTN, which are also known to play a
critical role in the pathogenesis of RCC. However, the
biological mechanism is still controversial and remained
unclear. In addition, it is reported that HTN increase the risk
of colorectal cancer [22,23]. The current study reported that
HTN patients account for 25.1, 24.5, and 23.1% in HCC, lung
cancer and thyroid cancer patients, respectively. However,
whether there is a causal relationship between HTN and
these cancers remains uncertain. Therefore, follow-up stud-
ies are needed to investigate the possible pathways that
connect HTN with these cancers [24].

In this study, patients with higher HTN grades and very
high risk level of cardiovascular risk account for the higher
proportion of hypertensive patients in all the studied
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cancers. Within the cancer patients with HTN;, the propor-
tion of high cardiovascular risk, moderate cardiovascular
risk, and the low risk was 10.2, 3.6, and 0.8%, respectively,
and the proportion of grade I and I HTN was 3.9 and 20.4%,
respectively. Meanwhile, patients who were in very high
cardiovascular risk level and grade III HTN account for
85.4% and 75.7%, respectively, implying that the cancer
patients had a high degree of HTN severity. This could be
attributed to the presence of multiple risk factors in HTN
patients, such as glucose intolerance and dyslipidemia
[25,20], which were also previously implicated in increasing
the risk of cancer [14]. Another reason could be because of
the higher proportion of CVD comorbidities, including
diabetes mellitus, heart failure, and CHD among cancer
patients with HTN.

The Cardiovascular Toxicities Panel, Convened by the
Angiogenesis Task Force of the National Cancer Institute
Investigational Drug Steering Committee, recommended
less than 140/90 mmHg as the goal for blood pressure
control in patients on VEGF inhibitor therapy in general
and less than 130/80 mmHg for patients with diabetes and/
or chronic kidney disease [27]. However, there is no guide-
line for the management of pre-exciting HTN in cancer
patients. Our study found that, before the active cancer
treatment, almost 26% of the hospitalized cancer patients
with HTN did not undergo any hypertensive therapy.
Moreover, over 34% patients’ blood pressure did not meet
the recommended target SBP of less than 140 mmHg and
target DBP pressure of less than 90 mmHg, which may be
because of the less awareness of the importance of cardio-
vascular risk assessment among the oncologists. This find-
ing shows that there is still a need for HTN management
optimization in hospital settings. In the present study,
cancer patients had a higher burden of CVD comorbidities
during hospital admission, which calls a strict need for BP
control and HTN management among cancer patients. Also,
the present study showed that cancer patients with HTN
had a higher proportion of cardiovascular risk factors,
including diabetes mellitus, dyslipidemia, hyperuricemia,
and elevated creatinine. Previously, elevated uric acid and
creatinine have also been reported to be independent risk
factors for cardiovascular risks in hypertensive patients [10].
In addition, it should be noted that an uncontrolled BP may
further complicate the care of cancer patients significantly
[16]. For this reason, blood pressure and other CVD comor-
bidities should be assessed prior to chemotherapy, and
careful attention should be given during chemotherapy.

Limitation

There are several limitations to this study. First, we do not
have detailed information about tumor size and stages
information, which otherwise could help to further confirm
the indication for the treatment with VEGF inhibitors.
Second, although trained health professionals carefully
examined the medical records, we may underestimate
the prevalence of comorbidities. Third, the data comes
from a single center with relatively small sample size.

In conclusion, cancer patients, with the potential indi-
cation for the treatment of VSP inhibitors, generally carry a
high burden of CVD-related comorbidity. HTN, CHD, atrial
fibrillation, and heart failure were top CVD comorbidities
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among candidates for VEGF antagonist use. Especially, pre-
existing HTN was the most prevalent comorbid condition.
Among HTN patients, those with grade IIT and very high
cardiovascular risk level constitute the largest proportion.
Also, HTN patients had a significant burden of CVD comor-
bidity among the candidates for VEGF antagonist use. In
addition to this, a significant proportion of patients did not
undergo any antihypertensive therapy, and management of
blood pressure during hospitalization was not optimized,
which may limit the therapeutic benefits of VEGF inhibitors.
Therefore, the complex issue of CVD and cancer treatment
urgently needs outcome evidence allowing to optimize
prophylactic and therapeutic approaches.
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