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Objective The history, electrocardiogram, age, risk factors, troponin (HEART), the thrombolysis in
myocardial infarction (TIMI), and Global Registry of Acute Coronary Events (GRACE) scores are
useful risk stratification tools in the emergency department (ED). However, the accuracy of these
scores in the cancer population is not well known. This study aimed to compare the performance
of cardiac risk stratification scores in cancer patients with suspected acute coronary syndrome
(ACS) in the ED.

Methods This prospective cohort study recruited patients with cancer who visited the ED be-
cause of suspected ACS. The development of any major adverse cardiac events (MACE) within 6
weeks was recorded, with the study outcome being a MACE within 6 weeks of ED admission.

Results A total of 178 patients participated in this study, of whom 5.6% developed a MACE.
Statistically significant differences were found between the mean HEART and TIMI scores in pre-
dicting MACE. The HEART score had the highest area under the curve (0.64; 95% confidence in-
terval, 0.48-0.81), highest sensitivity (80%), and highest negative predictive value (97.5) in pa-
tients with cancer.

Conclusion We found a similar rate of MACE in cancer patients with low-risk chest pain com-
pared to that in the general population. However, the HEART, TIMI, and GRACE scores had a
lower performance in cancer patients with MACE compared to that in the general population.
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What is already known

The HEART (history, electrocardiogram, age, risk factors, troponin), TIMI (throm-
bolysis in myocardial infarction), and GRACE (Global Registry of Acute Coronary
Events) scores are useful risk-stratification tools in the ED.

Capsule
Summary

What is new in the current study

The accuracy of chest pain risk stratification scores in the cancer population is
not well defined. The predictive value of chest pain risk stratification scores, in-
cluding the HEART score, TIMI, and GRACE scores for MACE occurrence, in the
cancer population was not good with an AUC value below 0.65.
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INTRODUCTION

Cancer and cardiovascular diseases are the two leading causes of
morbidity and mortality worldwide.! Nonspecific symptoms, such
as shortness of breath, chest pain, palpitation, dizziness, and nau-
sea, are commonly seen in patients with cancer. However, these
symptoms can also be related to underlying acute coronary syn-
drome (ACS).> Consequently, these nonspecific symptoms may
mask the presence of ACS and lead to increased morbidity and
mortality in patients with cancer.

According to the non-ST elevation ACS (NSTE-ACS) guidelines
of the American Heart Association/American College of Cardiolo-
gy NSTE-ACS,? refractory angina, hemodynamic instability, and
electrical instability in patients with NSTE-ACS are all indications
of the need for coronary angiography for the reperfusion therapy.
However, if these signs do not exist, additional strategies are nec-
essary. Chest pain risk stratification scores, such as the history,
electrocardiography (EKG), age, risk factors, troponin (HEART), the
thrombolysis in myocardial infarction (TIMI), and Global Registry
of Acute Coronary Events (GRACE) scores, as well as past medical
history, EKG, troponin, age, and various risk factors are commonly
used in the management of such patients. In addition to patient
history and physical exam, these risk stratification tools help the
clinicians to predict the risks and manage the patients accordingly.

Troponin | (Tnl) is a cardiac marker that is commonly used in
risk stratification scores for chest pain. Although Tnl is a heart-
specific enzyme, it may also be elevated in acute noncardiac criti-
cal illnesses.* In the cancer population, additional comorbid dis-
eases and cancer treatment itself can also lead to changes in Tnl
levels.® The clinical management of ACS can be influenced by
changes in troponin levels, as well as by the expected survival of
patients with cancer. In a previous study, it was reported that
only a small number of cancer patients with ACS underwent re-
vascularization treatments. Therefore, it might be a bias in rec-
ommending revascularization treatments in the cancer popula-
tion considering the abnormal troponin level related to cancer
and expected survival in the cancer population.®

Despite frequent admissions of cancer patients with symptoms
suggestive of ACS,? the emergency department (ED) management
of this patient population is complicated by lack of consensus in
the management of low risk ACS in the ED. Previous studies con-
ducted on the general population with low risk chest pain report-
ed a major adverse cardiac event (MACE) rate of 20/’® for a HEART
score of <3, 1.7% for a TIMI score of 0,° and 2.2% for a GRACE
score of <87."° To our knowledge, no prior study has evaluated
the validity and reliability of chest pain risk stratification scores
in the cancer population." Therefore, this study aimed to evalu-
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ate the reliability of chest pain risk scores in cancer patients with
suspected ACS in the ED.

METHODS

Study design

This prospective cohort study was conducted from September
2016 to June 2017 in the ED of an academic institution serving
approximately 45,000 patients per year. Institutional review board
approval and written informed consents from the patients were
obtained prior to the commencement of the study (Kocaeli Uni-
versity, Board of Ethics on Non-invasive Clinical Human Studies
Ethics Committee, KOU GOKEAK 2016/235).

Study setting and population

All patients admitted to the ED with a history of cancer and hav-
ing symptoms suggesting ACS were evaluated for the study. En-
rollment was performed consecutively, 7 days a week, and 24
hours a day. The inclusion criteria were as follows: age older than
18 years; having an active cancer; received chemotherapy or ra-
diotherapy within the last 6 months; and presence of possible car-
diac symptoms based on AHA case definitions,'> which include
acute chest pain and/or epigastrium, neck pain, jaw pain, arm
pain, or pressure without a significant noncardiac source. The ex-
clusion criteria were as follows: ST-segment elevation myocardial
infarction or left bundle branch block with a score of >3 accord-
ing to the Sgarbossa Criteria; newly developed dysrhythmia; an
impaired general condition requiring cardiopulmonary resuscita-
tion; pregnancy; significant causes of noncardiac chest pain, such
as known chest wall and rib metastasis; radiation therapy in the
thoracic region; and/or unwillingness to participate in the study.

Study protocol

During the initial evaluation, a sample containing a minimum of
2 mL of blood was obtained to measure the Tnl levels; the sample
was evaluated in the ED laboratory within 10 minutes of admis-
sion. Other required tests were performed at the discretion of the
treating physician. The TIMI, HEART, and GRACE scores were cal-
culated after the initial evaluation of the patients. For the TIMI
score (0-7 points), the following were evaluated: age, coronary
artery disease risk factors, known coronary stenosis, acetylsalicy-
late use in the past 7 days, presence of at least two episodes of
severe angina in the last 24 hours, EKG ST changes, and cardiac
biomarker levels. For the HEART score (0-10 points), the follow-
ing were evaluated: the patient's history, EKG finding, age, risk
factors, and initial troponin levels. For the GRACE score (2-383
points), the following were evaluated: age, heart rate, systolic
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blood pressure, creatinine level, cardiac arrest at admission, ST
deviation on EKG, abnormal cardiac biomarkers, and Killip class.

MACE was defined as acute myocardial infarction, coronary
revascularization, and cardiac death. Patients were followed up
by phone 6 weeks after the first ED admission using a standard-
ized questionnaire to determine whether a MACE occurred (Q1:
Has the patient had a myocardial infarction in the last 6 weeks?
Q2: Has the patient had any percutaneous coronary intervention
in the last 6 weeks? Q3: Has the patient had any coronary artery
bypass grafting surgery in the last 6 weeks? Q4: How is the pa-
tient's current condition?). Hospital electronic medical records
were also reviewed to confirm the occurrence of a MACE and, in
cases that had died, the reason for death.

Qutcome measurement

The study outcome was the presence of a MACE within 6 weeks
of admission to the ED. The relationship between the MACE and
cancer characteristics (primary cancer site, presence of metasta-
sis, cancer stage, and cancer treatment within the last 6 months)
was also described.

Statistical analysis

All statistical analyses were performed using IBM SPSS Statistics
ver. 21.0 (IBM Corp., Armonk, NY, USA). Flauhalt's method is ac-
cepted as a valid test in studies investigating the value of diag-
nostic tests.” Using this method, the expected sensitivity of HEART,
TIMI, and GRACE scores was 99%, and the minimum lower confi-
dence limit was taken as 95%. The normality of the variables was
determined using the Shapiro-Wilk test, histogram, and skewnesss

224 Evaluated for the study

46 Excluded from the study
4 Chest wall metastasis
16 Rib metastasis
18 Thorax radiotherapy
8 Did not consent

178 Analyzed patients

10 MACE (+)
2 Cardiac death
5PCl
3 AMI

168 MACE (-)

Fig. 1. Flow chart of patients with major adverse cardiac event (MACE)
at the 6-week follow-up. PCl, percutaneous coronary intervention;
AMI, acute myocardial infarction.
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and kurtosis analyses. The demographic and clinical characteris-
tics of the patients were given as mean + standard deviation, me-
dian, interquartile range, 95% confidence interval (Cl), and per-
centage (%). The Student's t-test and Mann-Whitney U-test were
used to compare the continuous variables, and the chi-squared
test was used to compare the categorical variables. The diagnos-
tic value of the HEART, TIMI, and GRACE scores for the determined
threshold levels of each risk score was assessed using receiver
operating characteristic analysis. Sensitivity, specificity, negative
predictive values, and negative likelihood ratios were calculated
and compared within 95% Cl for these thresholds.

RESULTS

During the study period, 224 patients were evaluated for partici-
pation. After 46 patients were excluded, data from 178 patients
were analyzed. A flow chart of the study participants is shown in
Fig. 1.

Patient demographics are shown in Table 1. Patient mean age
was 62.9 (95% Cl, 61.2 to 64.7) years. Of the 178 patients, 105
(59%) were male. At the 6-week follow-up, 10 (5.6%) patients
had experienced a MACE. Of these cases, two resulted in cardiac
death, five resulted in coronary revascularization, and three re-
sulted in acute myocardial infarction. Both of the fatal cases were
diagnosed with non-STE ACS. The reason for death was a resis-
tant ventricular dysrhythmia. Of the patients with a MACE, 7 (70%)
had a history of smoking (P=0.013).

The mean Tnl level in the MACE (+) and MACE (-) groups were
0.073+0.10 and 0.022 +0.057 ng/mL, respectively. The mean dif-

Table 1. Patient demographics

i All patients MACE (+ MACE (- P-
Characteristics e178) (o= 1(())) (n= 16(8)) value
Sex, male 105 (59) 7 (70) 98 (58) 0.529
Age (yr) 63 (61.2-64.7) 65 (57.9-72.5) 63 (60.9-64.7) 0.543
History of CAD 32(18) 4 (40) 28 (16.6) 0.082
Smoking 57 (32) 7 (70) 50 (23) 0.013
Family history of CAD 15 (8) 2 (20) 13 (8) 0.201
Hypertension 81 (45.5) 5 (50) 76 (45) 1.000
DM 44 (25) 4 (40) 40 (91) 0.266
Hypercholesterolemia 42 (23.6) 3(30) 39 (24) 0.702
Obesity (BMI >30) 22 (12) 1(10) 21(12.5) 1.000
Heart failure 21(12) 1(10) 20(12) 1.000
Troponin (ng/mL) 0.025+0.06 0.07£0.10 0.02+0.06 0.0M

Values are presented as number (%), median (interquartile range), or mean + stan-
dard deviation.

MACE, major adverse cardiac events; CAD, coronary artery disease; DM, diabetes
mellitus; BMI, body mass index.
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Table 2. Average HEART, TIMI, and GRACE scores for patients with or without MACE

All patients MACE (+) MACE (-) .
P-val M li{ % Cl
(n=178) (n=10) (n=168) value ean difference 950% Cl
HEART 3.7+15 46%1.8 38%15 0.016 -1.22 -2.2t0-0.2
TIMI 1.2+1.2 21+£1.8 0.002 -1.20 -1.9to0 -0.4
GRACE 114.1+£28.5 116.2+21.8 113.9+28.9 0.800 -2.48 -21.8t0 16.8

Values are presented as mean + standard deviation.

HEART, history, electrocardiogram, age, risk factors, troponin; TIMI, thrombolysis in myocardial infarction; GRACE, Global Registry of Acute Coronary Events; MACE, major

adverse cardiac event; Cl, confidence interval.

Table 3. Relationship between the cancer history and MACE in the study
population

All patients MACE (+) MACE(-) P-
(n=178) (h=10) (n=168) value

Primary cancer site

Lung 60 (33.7) 5 (50.0) 55(35.7) 0.194

GIS 40 (22.5) 3(30.0) 37 (22.0)

Brain 3(1.7) 0 3(1.8)

Breast 12 (6.7) 0 12(7.1)

Kidney 1(0.6) 0 1(0.6)

Hematological 18 (10.1) 0 18 (10.7)

Gynecological 17 (9.6) 1(100) 16(9.5)

Prostate 13 (7.3) 11000 12(7.1)

Testis 2(1.1) 0 2(1.2)

Bladder 5(2.8) 0 5(3.0)

Other 7(3.9) 0 7(4.2)
Metastatic cancer 118 (56.2) 7(70.0) 111 (66.1) 1.000
Duration of diagnosis (mo), 10 (4-30) 5.5(2-14) 12 (3-36) 0.185

median (IQR)
Stage

1 6(3.4) 0(10.0) 5(3.0 0218

2 27 (16.1) 0 27 (16.1)

3 16 (9.0) 3(20.0) 14 (8.3)

4 129 (72.5) 7(70.0) 122 (72.6)
Treatment

Chemotherapy 151 (84.8) 7(70.0) 144 (85.7) 0.154

Radiotherapy 94 (52.8) 6 (60.0) 88 (52.4) 0.753

Surgery 80 (44.9) 3(30.0) 77 (45.8) 0.348
Last treatment (day), median (IQR) 10.5 (1-30) 29.5 (10-78) 10 (0-25) 0.022

Values are presented as number (%), median (interquartile range).
MACE, major adverse cardiac events; GIS, gastrointestinal system; IQR, interquar-
tile range.

ference between the groups was -0.05 (95% Cl, -0.089 to 0.011).

The mean HEART, TIMI, and GRACE scores are summarized in
Table 2. Statistically significant differences were found in the
mean HEART and TIMI scores between the patients with and
without a MACE (P=0.016, P=0.02). However, there was no sig-
nificant difference between the GRACE scores in patients with
and without a MACE (P=0.8).

Lung and gastrointestinal cancers were the most common can-
cer types among the study participants (34% and 22%, respec-

278

10
08 [
— HEART
z 08 — TIMI
= GRACE
wv
-
v
wm
04
02
0 | | | | J
0.2 0.4 0.6 0.8 1.0

1-Specificity

Fig. 2. Receiver operating characteristic curve showing the prediction
of major adverse cardiac event by the history, electrocardiogram, age,
risk factors, troponin (HEART), thrombolysis in myocardial infarction
(TIMI), and Global Registry of Acute Coronary Events (GRACE) scores
within 6 weeks.

tively). No statistically significant difference was found in the
cancer type, cancer stage, treatment of cancer between the pa-
tients with and without a MACE (P> 0.05) (Table 3).

The receiver operating characteristic curve showing the MACE
prediction according to the participants' HEART, TIMI, and GRACE
scores 6 weeks after ED admission is shown in Fig. 2. The area
under curve values for HEART, TIMI, and GRACE scores were 0.64
(95% Cl, 0.48 to 0.81), 0.63 (95% Cl, 0.43 to 0.83), and 0.54 (95%
Cl, 0.36 to 0.72), respectively. A comparison of the validity and
reliability of the HEART, TIMI, and GRACE scores for low-risk pa-
tients is presented in Table 4. MACE occurred in 2 of 84 patients
(2.49%) with a HEART score of <3, in 6 of 150 patients (4%) with
a TIMI score of <2, and in 3 of 84 patients (3.6%) with a GRACE
score of <110. When the validity and reliability of the HEART,
TIMI, and GRACE scores were compared at the 6-week follow-up,
it was found that the HEART score had the highest sensitivity and
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Table 4. Test performance of HEART, TIMI, and GRACE scores in a can-
cer population

Sensitiv- Specific- PPV NPV % LR+ LR-

ity% ity %
HEART <3 80 48.1 93 975 154 042
TIMI <2 40 86 143 9% 285 070
GRACE <110 60 476 6.3 952 114 084

HEART, history, electrocardiogram, age, risk factors, troponin; TIMI, thrombolysis
in myocardial infarction; GRACE, Global Registry of Acute Coronary Events; PPV,
positive predictive value; NPV, negative predictive value; LR+, positive likelihood
ratio; LR-, negative likelihood ratio.

the highest negative predictive value in cancer patients with symp-
toms suggestive of an ACS in the ED (Table 4).

DISCUSSION

This study compared the ability of HEART, TIMI, and GRACE scores
to predict the occurrence of a MACE in patients with cancer at 6
weeks after an ED admission for low-risk chest pain. The HEART
score was found to have the highest sensitivity and the highest
negative predictive value in this patient population. However, all
three scores were found to have lower performance in patients
with cancer than in the general population.

Several studies have compared chest pain risk stratification
scores. Sakamoto et al.® compared the HEART, TIMI, and GRACE
scores in patients with acute chest pain in the ED; they found
that the HEART score had the highest performance in terms of
30-day MACE prediction (AUC of the HEART, TIMI, and GRACE
scores were 0.78, 0.65, and 0.62, respectively). Poldervaart et al.”
also compared HEART, TIMI, and GRACE scores and reported high-
er performance of the HEART score compared to the other two
scores (AUC: 0.86, 0.80, and 0.73, respectively). However, the abil-
ity of these scores to predict MACE in the cancer population re-
mained unclear. The present study found a lower sensitivity and
negative predictive value of the HEART, TIMI, and GRACE scoring
systems for MACE in cancer patients compared to the general
population. This lower performance could be related to various
confounding and vague symptoms experienced by patients with
cancer, as well as abnormal troponin or creatinine levels associ-
ated with the cancer or the treatment.

Previous studies identified the factors having effects on the
pathogenesis of ACS development in cancer patients such as ra-
diotherapy, chemotherapy, cancer site, presence of metastasis or
cancer stage."*"® However, there was no significant relationship
between these factors and ACS development in cancer patients
in this study. Yet, it is important to note that all of the patients
with a MACE had advanced-stage (stage 3-4) cancer. Clinical
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problems in patients with advanced-stage cancer, such as ane-
mia, hypotension, increased treatment burden, and comorbidities,
might explain the development of MACE.

To the best of our knowledge, there is no clear data showing
that cancer directly influences the troponin levels in patients with
cancer. Increases in troponins after chemotherapy have been ob-
served in children receiving anthracycline and in patients with
hematological malignancies.”*" In our study, none of the patients

122 showed

were treated with anthracycline therapy. Cardinale et a
Tnl to be a sensitive and specific marker of myocardial damage
after high-dose chemotherapy, as well as a predictor of the onset
and severity of ventricular dysfunction. It has also been reported
that, in the majority of patients with high levels of Tnl, a signifi-
cant reduction in left ventricular ejection fraction occurs within
the first year of high-dose chemotherapy. Although we did not
categorize the patients in this study according to chemotherapy
agents and could not show a significant relationship between
chemotherapy and MACE, the mean Tnl level was significantly
higher in the MACE group.

This study has several limitations. First, the final evaluation of
ACS and the decision of definitive treatments, such as percutane-
ous transluminal coronary angioplasty, were determined by dif-
ferent cardiologists. This may lead to personal differences in the
management of cancer patients with ACS. Predicted survival of
these patients may influence decisions for patient care. Second,
radiation-induced coronary artery disease is a common cause of
mortality in patients with cancer who undergo radiation therapy
in the thoracic region.'® Because patients who had radiation ther-
apy in the thoracic region were excluded in this study, we could
not analyze the data from patients with radiation-induced coro-
nary artery disease. Finally, our study population was smaller than
that of similar studies that used Flauhalt's method to calculate
sample size. Although the rate of MACE in low risk patient in our
study was similar to that reported in the literature, the small
number of detected MACE cases may prevent generalization of
the results.

In summary, this study found a similar rate of MACE occurring in
patients with cancer and low-risk chest pain compared to the gen-
eral population. However, the HEART, TIMI, and GRACE scores were
found to have lower predictive ability for MACE in patients with
cancer. More reliable risk assessment tools should be applied to pro-
vide optimal care for cancer patients with suspected ACS in the ED.
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