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ABSTRACT

Introduction: Patients with cancer have an
increased risk of cardiovascular disease includ-
ing ischemic heart disease and vice versa. Anti-
cancer drugs and radiotherapy are known to
contribute to endothelial injury and vasospasm.
However, the relations between vasospastic
angina (VSA) and cancer or its treatment are
poorly investigated.
Methods: A total of 786 patients underwent
intracoronary acetylcholine (ACh) provocation
tests to diagnose VSA. The positive ACh provo-
cation test was defined as angiographic coro-
nary artery spasm accompanied by chest pain
and/or ischemic electrocardiographic changes.
Patients were divided into active cancer, a his-
tory of cancer, and no cancer according to the
status of malignancy. The impact of types of
cancer, anticancer drugs, and radiotherapy on
VSA was evaluated.
Results: Of 786 patients, 38 (4.8%) and 84
(10.7%) had active cancer and a history of

cancer, respectively, and 401 (51.0%) were
diagnosed as VSA. There was no significant dif-
ference in rates of positive ACh test among
patients with active cancer, a history of cancer,
and no cancer (39.5% vs. 57.1% vs. 50.9%,
p = 0.20). Types of cancer and cancer treatment
also had no impact on positive ACh provoca-
tion test.
Conclusions: In this cross-sectional observa-
tional study, we did not find an association of
active and a history of cancer with the diagnosis
of VSA. Anticancer treatment including
chemotherapy and radiotherapy was not sig-
nificantly associated with positive ACh provo-
cation test.
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Key Summary Points

Why carry out this study?

Cancer and its treatment are considered to
contribute to endothelial injury and
vasospasm

However, relations between vasospastic
angina (VSA) and cancer are poorly
defined

What was learned from the study?

Cancer status and type had no impact on
positive acetylcholine provocation test

Anticancer treatment was not significantly
associated with VSA

Further studies are needed to elucidate the
direct association of cancer with VSA

INTRODUCTION

Vasospastic angina (VSA) is an important car-
diac disorder that is associated with the deteri-
oration of quality of life and can induce
myocardial infarction and sudden cardiac death
[1]. Endothelial dysfunction with deficiency of
nitric oxide plays a key role in the mechanism
of VSA [2], as well as inflammation, autonomic
nerve system, and rho-kinase activity [3, 4].

Heart disease and cancer are the leading
causes of death worldwide especially in devel-
oped countries [5], and patients with cancer
have an increased risk for cardiovascular events
and mortality from shared lifestyles, risk factors,
and underlying mechanisms such as inflam-
mation, endothelial dysfunction, and oxidative
stress [6–11]. Toxicities of cancer treatment,
including chemotherapy and radiotherapy, also
contribute to endothelial injury and vasospasm,
as described in the European Society of Cardi-
ology position paper [12]. In this context, a
significant association of anticancer drugs with
VSA has been indicated. A case report demon-
strated coronary spasm induced by

5-fluorouracil (5-FU) [13], and sorafenib, an
inhibitor of the vascular endothelial growth
factor (VEGF) receptors, was related to VSA with
the potential mechanism of upregulation of
rho-kinase activity [14, 15]. Thus, the presence
or a history of cancer and chemotherapy and/or
radiotherapy may be associated with coronary
vasospasm. The aim of this study was to inves-
tigate the impact of cancer and its treatment on
VSA.

METHODS

Study Population

Between April 2012 and June 2020, a total of
809 consecutive patients underwent intracoro-
nary acetylcholine (ACh) provocation test to
diagnose VSA at Chiba University Hospital.
Patients who had experienced out-of-hospital
cardiac arrest (n = 23) were excluded. Thus, 786
patients were retrospectively included in the
present study. Written informed consent for
examination was obtained from all patients,
and informed consent for the present study was
obtained in the form of opt-out (no patients
chose to opt out of participating in this study).
This study was conducted in accordance with
the Declaration of Helsinki, and the ethical
committee of Chiba University Graduate School
of Medicine approved the present study (Ap-
proval No. 3983).

Cancer Definitions

Patients were divided into three groups accord-
ing to the status of malignancy: active cancer, a
history of cancer, and no cancer. Patients who
were planned for surgery for cancer, were
receiving anticancer drug(s) and/or radiother-
apy and had recurrent, metastatic, or inoperable
cancer were defined as having active cancer.
Cancer type included oral cavity and pharynx,
thyroid, lung, breast, esophagus, stomach, small
intestine, colon and rectum, hepatobiliary
pancreas, kidney, bladder, ovary, prostate,
uterus, skin, and blood. Anticancer treatment
included chemotherapy with anticancer drugs
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and radiotherapy. Anticancer drugs were cate-
gorized as follows: molecularly targeted drug
(bevacizumab, sunitinib, and dasatinib), cyto-
toxic anticancer drug (cisplatin, docetaxel, flu-
orouracil, and tegafur/gimeracil/oteracil), and
hormonal anticancer drug (anastrozole,
leuprorelin, letrozole, and vicartamide).

Intracoronary Acetylcholine Provocation
Tests

Intracoronary ACh provocation tests were per-
formed to diagnose VSA based on the guidelines
[16, 17], as previously reported [4, 18–23]. In
brief, all vasodilators including calcium channel
blockers and long-acting nitrates were discon-
tinued at least 48 h before the examination in
elective cases, except for sublingual nitroglyc-
erin as needed. The radial artery and brachial
vein were mainly used as approach sites [24].
After control angiography, a temporary pacing
electrode was inserted in the right ventricle.
Intracoronary ACh was administered in incre-
mental doses of 20, 50, and 100 lg into the left
coronary artery initially, and 20 and 50 lg into
the right coronary artery subsequently, over a
period of 20 s. One minute after the start of each
injection, coronary angiography was performed
to evaluate coronary vasospasm. After ACh
provocation testing, 1–2 mg of isosorbide dini-
trate was administered into the right and left
coronary arteries, and coronary angiography
was performed. Obstructive epicardial coronary
artery disease (CAD) was defined as C 50%
stenosis on coronary angiography after admin-
istration of intracoronary isosorbide dinitrate.
The positive ACh provocation test was defined
as angiographic coronary artery spasm, a total
or subtotal occlusion by the ACh administra-
tion, accompanied by chest pain and/or
ischemic electrocardiographic changes. It was
evaluated by two experienced cardiologists who
were blinded to patients’ clinical characteristics.

Endpoint and Statistical Analysis

The primary endpoint of the present study was
positive ACh provocation test in patients with
different cancer statuses. Relations between VSA

and cancer type or treatment were also evalu-
ated. All statistical analyses were conducted
using JMP Pro 15.0.0 (SAS Institute, Cary, NC,
USA). Data are expressed as median [interquar-
tile range] or frequency (%). Continuous vari-
ables were compared using Kruskal-Wallis and
Mann-Whitney U tests. Normal distribution was
tested using Shapiro-Wilk test. Categorical
variables were compared with Fisher’s exact test.
Separate logistic regression analyses were per-
formed to identify univariable predictors of
positive ACh provocation test. The associated
variables in univariable analyses (p\0.20) and
age, sex, and active cancer (irrespective of
p value) were included in the model of multi-
variable logistic regression analysis. Because
anticancer drug was highly correlated with
active cancer, the two factors were not included
in the multivariable model simultaneously. A
value of p\0.05 was considered statistically
significant.

RESULTS

Of 786 patients, 38 (4.8%) and 84 (10.7%) had
active cancer and a history of cancer, respec-
tively, and 401 (51.0%) were diagnosed as VSA
with positive ACh provocation test. Patients
with cancer were older and had lower body
mass index among the three groups (Table 1). In
terms of ACh provocation test findings, the
number of provoked angiographic coronary
artery spasms was significantly fewer in patients
with active cancer, while the rate of positive
ACh provocation test was not different among
the three groups (Table 2). Figure 1 shows rela-
tions between cancer type and VSA in patients
with active and a history of cancer. The rates of
positive ACh provocation test ranged from 33%
to 100% among types of cancer with no signif-
icant differences. When focusing on only
patients with active cancer, no significant dif-
ferences were observed (Fig. 2). Among patients
with active cancer, 16 were receiving anticancer
drug (4 molecularly targeted, 4 cytotoxic, and 9
hormonal drugs) and 4 underwent ongoing
radiotherapy. Cancer treatment also had no
impact on positive ACh provocation test
(Fig. 3). Multivariable analysis identified current
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smoking and obstructive epicardial CAD as
factors associated with VSA, but cancer-related
variables were not associated (Table 3).

DISCUSSION

The present study included 5% and 11% of
patients having active and a history of cancer in
a cohort of patients with suspected VSA under-
going intracoronary ACh provocation test.
Overall, 51% was diagnosed as VSA, but the
status of cancer was significantly not associated

with positive ACh provocation test. In addition,
we did not find impact of type of cancer and
anticancer treatment including chemotherapy
and radiotherapy on positive ACh test. Multi-
variable analysis reinforced the findings. To the
best of our knowledge, this is the first study
investigating relations between VSA and cancer
or its treatment.

Table 1 Baseline characteristics

Variable Active cancer (n = 38) History of cancer (n = 84) No cancer (n = 664) p value

Age (years) 74.0 [66.0, 78.3] 72.0 [65.3, 78.0] 65.0 [54.0, 72.0] \ 0.001

Men 22 (57.9%) 53 (63.1%) 329 (49.6%) 0.049

Body mass index (kg/m2) 22.1 [21.3, 25.7] 23.3 [20.3, 26.2] 23.4 [21.3, 25.7] 0.09

Hypertension 25 (65.8%) 52 (61.9%) 387 (58.3%) 0.58

Diabetes mellitus 10 (26.3%) 19 (22.6%) 117 (17.6%) 0.21

Dyslipidemia 24 (63.2%) 51 (60.7%) 428 (64.5%) 0.77

Current smoker 6 (15.8%) 15 (17.9%) 114 (17.2%) 0.97

Prior myocardial infarction 4 (10.5%) 6 (7.2%) 53 (8.1%) 0.78

ACS presentation 9 (23.7%) 18 (21.4%) 129 (19.4%) 0.69

Clinical presentation

Rest angina 26 (68.4%) 56 (66.7%) 485 (73.0%) 0.39

Effort angina 2 (5.3%) 4 (4.8%) 14 (2.1%) 0.13

Rest and effort angina 7 (18.4%) 20 (23.8%) 145 (21.8%) 0.82

No angina 3 (7.9%) 4 (4.8%) 20 (3.0%) 0.16

Medical treatment

Calcium channel blocker 17 (44.7%) 37 (44.1%) 301 (45.3%) 0.99

Long-acting nitrate 12 (31.6%) 18 (21.4%) 110 (16.6%) 0.048

Antiplatelet 12 (31.6%) 29 (34.5%) 194 (29.2%) 0.55

Statin 10 (26.3%) 30 (35.7%) 255 (38.4%) 0.32

ACE-I or ARB 18 (47.4%) 28 (33.3%) 218 (32.8%) 0.19

b-blocker 9 (23.7%) 13 (15.5%) 97 (14.6%) 0.30

ACS acute coronary syndrome, ACE-I angiotensin converting enzyme inhibitor, ACh acetylcholine, ARB angiotensin II
receptor blocker
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Cancer and Ischemic Heart Disease

Patients with cancer have an increased risk of
cardiovascular disease including ischemic heart
disease and vice versa [8–11]. A large-scale
national registry including [ 6.5 million par-
ticipants showed that in patients with acute
myocardial infarction, 2.8% had active cancer
and 6.2% had a history of cancer [25]. In this
registry, patients with active cancer had higher
mortality as expected, but they were also at a

higher risk for major adverse cardiovascular and
cerebrovascular events compared with patients
with no cancer [25]. VSA, a part of ischemic
heart disease, reportedly accounts for approxi-
mately 40% of all angina in East Asian popula-
tions [16]. Given that patients with cancer and
ischemic heart disease including VSA have
shared lifestyle and risk factors (e.g., smoking
and metabolic syndrome) and underlying
mechanisms (e.g., inflammation, endothelial
dysfunction, and oxidative stress) [9, 10], it

Table 2 ACh provocation test findings

Variable Active cancer (n = 38) History of cancer (n = 84) No cancer (n = 664) p value

Positive ACh provocation test 15 (39.5%) 48 (57.1%) 338 (50.9%) 0.20

Signs of ischemia

ECG change 13 (34.2%) 37 (44.1%) 278 (41.9%) 0.59

Chest pain 17 (44.7%) 47 (56.0%) 368 (55.4%) 0.44

Number of spasm vessels 0 [0, 1] 1 [0, 2] 1 [0, 2] 0.01

Multivessel spasm 8 (21.1%) 31 (36.9%) 179 (27.0%) 0.11

Obstructive epicardial CAD 14 (36.8%) 27 (32.1%) 173 (26.1%) 0.18

ACh acetylcholine, CAD coronary artery disease, ECG electrocardiogram

Fig. 1 Positive rates of acetylcholine provocation test across types of cancer in patients with active and a history of cancer
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seems biologically plausible that patients with
cancer are likely to have coronary vasospasm.
However, no study has addressed this issue.

Vasospastic Angina in Cancer

In a position paper from the European Society
of Cardiology, chemotherapy including 5-FU
and VEGF inhibitors and radiotherapy are listed
as having effects on endothelial injury,

Fig. 2 Positive rates of acetylcholine provocation test across types of cancer in patients with active cancer

Fig. 3 Positive rates of acetylcholine test across types of anticancer treatment. Active cancer treatment is further divided
into three groups (molecularly targeted, cytotoxic, and hormonal drugs)

Adv Ther (2021) 38:4344–4353 4349



vasospasm, and coronary atherosclerosis [12].
5-FU is used to treat patients with gastroin-
testinal and other malignancies and is reported
to induce myocardial ischemia through vasos-
pasm and endothelial injury in up to 10% of
cases [12]. Indeed, patients treated with 5-FU
experience chest pain in 1–18% [26, 27]. VEGF
inhibitors are another class of drugs associated
with angina at an incidence of 1–15%. Inhibi-
tion of VEGF receptor impairs stimulation of
endothelial nitric oxide activity, increases
oxidative stress, and upregulates rho-kinase
activity, contributing to coronary vasospasm
[26]. In fact, several case reports have demon-
strated coronary spasm induced by 5-FU and
VEGF inhibitors [13–15]. However, it is difficult
to determine in clinical practice whether chest
pain in patients treated with anticancer drugs is
induced by VSA. A recent retrospective single-
center study demonstrated that 87 out of 4019
(2.2%) patients treated with 5-FU were adjudi-
cated as having VSA according to the presence
of ‘‘typical chest pain’’ without any other diag-
nostic criteria [27]. In the present study, VSA
was diagnosed by invasive intracoronary ACh

provocation test, which has good diagnostic
ability [16], and no significant relations
between VSA and cancer or its treatment were
shown. Even in patients actively treated with
anticancer drugs, no impact was found with a
positive ACh provocation rate of 31%.
Although patients who were receiving molecu-
larly targeted drugs had a numerically higher
rate of positive ACh test than those with cyto-
toxic and hormonal drugs (50% vs. 25% vs.
22%), all percentages were lower than the
overall rate of positive ACh test in the present
study (51%). These findings may be robust
because of consistent rates of positive ACh test
across cancer types and multivariable analysis
findings. Since patients with cancer often
experience chest pain by numerous etiologies
including myocardial ischemia and others [26],
a pretest probability of having VSA might have
been low in cancer patients in the present
study. Further studies are needed to elucidate
the impact of cancer and its treatment on
coronary vasospasm. Beyond the relation
between VSA and cancer, multivariable analysis
showed current smoking and obstructive

Table 3 Factors associated with positive ACh provocation test

Variable Univariable Multivariable

OR (95% CI) p value OR (95% CI) p value

Age (years) 0.99 (0.98–1.01) 0.37 1.00 (0.99–1.01) 0.96

Men 1.53 (1.16–2.03) 0.003 1.31 (0.97–1.76) 0.08

Body mass index (kg/m2) 1.03 (0.99–1.07) 0.16 1.02 (0.99–1.07) 0.18

Hypertension 0.87 (0.65–1.15) 0.33

Diabetes mellitus 0.70 (0.49–1.01) 0.06 0.62 (0.42–0.91) 0.01

Dyslipidemia 0.94 (0.71–1.26) 0.70

Current smoker 1.95 (1.32–2.86) \ 0.001 1.74 (1.15–2.64) 0.009

Obstructive epicardial CAD 1.54 (1.12–2.13) 0.008 1.56 (1.11–2.18) 0.01

Active cancer 0.61 (0.31–1.19) 0.15 0.61 (0.31–1.21) 0.16

Active and a history of cancer 1.03 (0.70–1.52) 0.88

Anticancer drug 0.64 (0.33–1.26) 0.19

Radiotherapy 1.04 (0.47–2.31) 0.92

ACh acetylcholine, CAD coronary artery disease, CI confidence interval, OR odds ratio
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epicardial CAD as factors associated with coro-
nary vasospasm in the present study. Smoking is
a well-recognized risk factor for coronary spasm
[16, 28], and a close relationship between
coronary atherosclerosis and VSA has been
shown in previous reports [29].

Study Limitations

The present study has several limitations. This
was a single-center, retrospective, cross-sec-
tional study. The overall sample size was not
small, but subgroups of cancer and treatment
had only small number of patients. Thus, larger,
prospective studies are warranted. In patients
with a history of cancer, data on the duration
and dosage of chemotherapy and radiotherapy
were not available. In addition, patient charac-
teristics were different among the three groups.
Even though a case report showed that intra-
coronary ACh provocation test confirmed the
diagnosis of VSA in a patient with sorafenib-
induced coronary artery spasm [14], whether
ACh provocation test can identify patients with
chemotherapy-induced coronary vasospasm as
well as VSA patients who are not associated with
anticancer therapies remains unclear.

CONCLUSIONS

Active and a history of cancer were not signifi-
cantly associated with the diagnosis of VSA. We
did not find an association of anticancer treat-
ment including chemotherapy and radiother-
apy with positive ACh provocation test in this
cross-sectional observational study.
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