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Abstract

Background CT- coronary calcium score, is one of the most studied and widely available modalities in cardiovascular
medicine. Coronary artery calcium score (CACS) is an established predictor of coronary artery disease. The ‘standard

of care’' diagnostic modality to measure CACS is ECG-gated Cardiac Multi-Detector Computed Tomography. There

is convincing evidence of a strong association between CACS and major cardiovascular (CV) events in asymptomatic
individuals. Cancer patients (C) may have a higher risk for CV disease than non-cancer patients (NC) related not only to
cancer treatments but also to shared biological factors and pathways. Thus, identifying tools for early detection of CV
disease in this population is of utmost importance.

Methods A retrospective cohort analysis was performed with patients from Cleveland Clinic Florida and Ohio who
had CACS from 2017 to 2021. Patients who had cancer diagnosis prior to CACS were matched to NC for age and sex.
CV events after their index CACS events were compared between C and NC, and matched control and propensity
analysis were conducted.

Results Ten thousand seven hundred forty-two patients had CACS; 703 cancer patients had CACS and were eligible.
Extensive CACS (>400) were significantly higher in cancer, 94 (13.37%) vs non-cancer patients, 76 (10.83%), P=0.011.
Furthermore, after propensity matched analysis, CACS >400 was 14.8% in C vs 9.6% in NC, P= <0.05. CV events were
similar in both cohorts (p=NS), despite less CV risk factors in cancer patients (P= <0.05). For the combined moder-
ate (101-400) & extensive (>400) CACS, the prevalence of stroke and peripheral arterial disease, a marker of systemic
atherosclerosis, was significantly higher in patients with cancer (P<0.01).

Conclusions Despite having fewer CV risk factors in our study, similar CACS in cancer patients are suggestive

of a higher prevalence of CV disease independent of traditional risk factors. High CACS and the overall prevalence
of vascular events were more frequent in patients with cancer. Higher prevalence of peripheral arterial disease
and cerebrovascular accident further suggests the increased atherosclerotic burden in C.
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Background

Cardiovascular disease (CVD) is the leading cause of
mortality worldwide. Approximately 17.9 million people
die from CVD every year, accounting for 31% of all global
deaths [1]. Behind CVD, cancer is responsible for the sec-
ond-most deaths in the global population, with the most
recent data attributing over 10 million deaths to cancer
annually worldwide [2]. It is increasingly understood
that these two disease processes not only pose a mortal-
ity threat individually but often behave synergistically
to promote an inflammatory environment that hastens
mortality and worsens numerous systemic comorbidities
[3, 4]. Cancer patients (C) are estimated to, on average,
have a 42% greater relative risk for cardiovascular dis-
ease and death when compared to non-cancer patients
(NC) in the general population [5]. Furthermore, with
advances in cancer care and with the introduction of new
treatment modalities that prolong patients’ longevity,
underlying comorbidities and cancer treatment-related
toxicities” impact on morbidity and mortality are more
pertinent than ever [3, 6]. For these reasons, tools for the
early detection of developing CVD in cancer patients are
needed.

One such stratification tool is the coronary artery cal-
cium score (CACS). Typically performed via ECG-gated
cardiac multi-detector computed tomography (MDCT)
or derived from routine computed tomography (CT) of
the chest, the CACS is one of the most thoroughly stud-
ied and widely available tests in cardiovascular medi-
cine [7-9]. Multiple large, long-term, population-based
observational studies out of the United States, Germany,
and the Netherlands have built a large body of evidence
demonstrating a strong association between CACS and
major cardiovascular outcomes in asymptomatic patients
[10-13]. As a result, current clinical practice guidelines
in the United States and Europe recommend CACS as
a useful way to predict the risk of subclinical cardiovas-
cular disease (CVD) in asymptomatic patients, allowing
for risk stratification and guidance of follow-up testing
and management [14—17]. Thus, low CACS can limit the
need for follow-up examinations, unnecessary testing,
and excessive intervention while, conversely, a high or
increasing CACS can presage an increasing risk for car-
diovascular events and the need for more aggressive pre-
ventive measures.

Despite the firm establishment of CACS as a power-
ful risk stratification tool in the general population, spe-
cific recommendations regarding its application to the
cancer patient population have not yet been developed.
The physiologic effects of malignancy extend far beyond
a focal tumor. It is proposed that through mechanisms
such as pro-inflammatory cytokine release, increased
oxidative stress, and promotion of a pro-thrombotic
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state, cancer can independently alter the body’s chemis-
try on a systemic scale [18]. These mechanisms, coupled
with the noxious chemo-, radio-, immuno- and hormonal
therapies that cancer patients are regularly exposed to,
are consistently demonstrated to result in a statistically
higher burden of CVD with earlier onset of clinically sig-
nificant disease on average [19, 20]. Moreover, increas-
ingly used immune checkpoint inhibitors, while highly
effective, have been shown to have a direct role in devel-
opment of accelerated atherosclerosis [20—22].

This study sought to evaluate the burden of atheroscle-
rosis and CV events on patients with cancer using the
CACS as a screening tool to detect CVD most effectively
in this vulnerable population. We examined the associa-
tion of CACS with CVD events in C vs. NC.

Methods

A retrospective cohort analysis from Cleveland Clinic
Florida and Cleveland Clinic Ohio was performed on
patients from 2017 to 2021 (5 years). Patients who had
CACS during that period were identified and cancer
patients (C) who had a CT CACS after the cancer diag-
nosis were selected (C) and compared to an age- and a
sex-matched cohort of non-cancer patients (NC).

CACS reported by staff radiologists at the time of test
performance were utilized for analysis.

The Student T-test of unequal variances was used for
continuous variables and Chi-square for categorical
variables.

Five cardiovascular events that occurred after CACS
date were individually evaluated by retrospective chart
review of the electronic medical record: coronary artery
disease, heart failure, myocardial infarction, cerebro-
vascular accident (CVA) and peripheral arterial disease
(PAD). Events were adjudicated from the electronic
records diagnoses.

Primary goals were to compare the CV risk factors and
CACS in C vs. NC patients and the prevalence of CVD
events in these two groups according to their CACS.

Propensity-score matching was performed by using the
nearest neighbor method with a caliper of 0.05 stand-
ard deviation of the logit. Variables utilized for propen-
sity matching included hypertension, obesity, diabetes,
dyslipidemia, and history of cigarette smoking. A stand-
ardized mean difference<0.1 (10%) was used for each
of the matching variables. A subgroup analysis was per-
formed to evaluate any differences in primary endpoint
in patients with CACS with or without cancer. Univari-
ate analysis was conducted to compare and summarize
characteristics and outcomes between groups. A mul-
tivariate regression model was performed to assess the
differences between groups and adjust for unbalanced
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characteristics. We established a statistical significance
level of 0.05 Fig. 1.

Results

A total of 10,742 patients had CACS during the study
period. 1016 patients had cancer. From that group, 703
had complete data at the Cleveland Clinic electronic
health care records (EHR) and were the subject group
of this study: they were analyzed (C) and compared to
703 NC. Mean age was 61.4+8.6 (C) and 61.3+8.5 years
(NC). Melanoma and nonmelanoma skin (37.6%), geni-
tourinary (21.1%), and breast (16.1%) were the most
prevalent cancer types (Fig. 2). Mean CACS was 199.2
in C and 169.3 in NC (P=0.51). CACS were higher in C,
in the>400 category, 94 (13.37%) vs 76 in NC (10.83%),
(p=0.011). The prevalence of CVD events was similar
in both cohorts despite a lower prevalence of hyperten-
sion, obesity, diabetes, and dyslipidemia in C (Table 1).
CVA (p=0.001) and PAD (p=0.010) were more frequent
in C than NC (Table 1). For the subgroup with the com-
bined 101-400 and >400 CACS, C had a higher incidence
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of PAD, a marker of systemic atherosclerosis, p=0.009
(Central Illustration).

A summary of the means and percentages of the base-
line variables for each group can be found in Table 1.
In this cohort of patients who underwent CACS, C had
a lower prevalence of hypertension (P=<0.001), obe-
sity (P=<0.001), Diabetes (P=0.047) and dyslipidemia
(P=0.023) compared to NC. It should be noticed that,
even without correction by CV risk factors, there was
a higher prevalence of CVA: 75 (10.67%) vs 42 (5.97%),
P=0.001 and PAD: 84 (11.95%) vs 55 (7.82%), P=0.01 in
C vs NC (Table 1 and Central Illustration).

Propensity scores matched analysis correcting by CV
risk factors was conducted to minimize potential con-
founding results from the primary matched controlled
analysis. A summary of the means and percentages of
the variables for each group can be found in Table 2. In
this propensity analysis, after correcting for CV risk fac-
tors, lower CACS (0, 1-10, and 11-100) were slightly
higher in NC than in C: 428 (74.69%) vs 397 (69.28%),
P=NS. There were no differences between both groups

atherosclerotic/vascular events, even with less CV risk factors”.
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e Average score (P=0.51): Cancer: 199.2 / Non-Cancer: 169.3 (P = NS)
e Extensive CAC Scores (>400) were significantly higher in cancer
subjects (P<0.01)

Cancer Non-cancer P Value
(N=703) (N=703)
Smoking, n (%) 253(36.0) 246 (35.0) 0471
Hypertension, n (%) 233(33.1) 336 (47.8) <0.001
Obestty, n (%) 149(212) 258(36.7) <0.001
DM I, n (%) 51(7.3) 72(102) 0.047
Dysipdemia, n (%) 430(612) 471(67.0) 0.023

Risk Factors in Cancer vs. Non- Cancer subjects |

CVD Events in Cancer vs. Non-Cancer subjects
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e Prevalence rates of CVD were similar in both cohorts despite a lower
prevalence of risk factors in cancer group.

e For the subgroup analysis, the prevalence of PAD and Stroke was
significantly higher in cancer subjects (P<0.01)
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Fig. 1 Central lllustration: Patients with C may have high CACS and increased incidence of atherosclerotic/vascular events, even when having

less CV risk factors
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Fig. 2 Prevalence of different C types in CACS patients’ population
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Non-melanoma: 29.2%

Table 1 The prevalence of CVD events was similar in both cohorts despite a lower prevalence of CV risk factors in C subjects

11-100
101400

>400
Risk Factors, n (%)
Smoking

Current

Former
Hypertension
Obesity
Diabetes I
Dyslipidemia
CVD events, n (%)

Coronary artery disease
Heart failure

Myocardial infarction
Cerebrovascular Accident

Peripheral arterial disease

Cancer
(N=703)
318(45.23)
49 (6.97)
129(18.35)
113(16.07)

94 (13.37)

38(5.41)
215(30.58)
233(33.14)
149 (21.19)

51(7.25)

430(61.17)

199 (28.31)
6(0.85)
6(0.85)

75(10.67)

84 (11.95)

Non-cancer PValue
(N=703)

0.011
275(39.17)

75 (10.68)
154 (21.94)
122(17.38)

76 (10.83)

0.171
39(5.55)
207 (29.45)
336(47.80) <0.001
258(36.70) <0.001
72(10.24) 0.047

471(67.00) 0.023

188(26.74) 0.511
10(1.42) 0.315
5(0.71) 0.762
42(5.97) 0.001

55(7.82) 0.01

Abbreviations: CAC CT coronary artery calcium, CVD cardiovascular disease
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Table 2 Calcium score corrected by propensity matched analysis for patients with CACS >400: It was significantly higher for C vs NC.
PAD, Stroke and CAD were more prevalent in C vs NC for this subgroup

CAC scores, n (%)
0

1-10
11-100
101400

>400
Risk Factors, n (%)

Smoking
Current
Former

Hypertension

Obesity

Diabetes ||

Dyslipidemia

CVD events, n (%)

Coronary artery disease
Heart failure

Myocardial infarction
Cerebrovascular Accident

Peripheral arterial disease

Abbreviations: CAC CT coronary artery calcium, CVD cardiovascular disease

for the intermediate CACS 101-400: NC 89 (15.6%)
vs C 91 (15.9%). However, the highest CACS >400 was
more frequent among C, 85 (14.8%) vs NC, 55 (9.4%),
P= <0.01. After adjustment by propensity scores, there
was a higher incidence of CVA, PAD and in this analysis
also CAD in C.

Discussion

This study sought to assess the CACS as a targeted car-
diovascular risk stratification tool in an at-risk popula-
tion. Though CACS is a well-established screening tool
in the general population [7, 23, 24], in this retrospective
analysis of over 700 cancer patients, we observed that
cancer patients showed significant elevations in levels of

Non-cancer Cancer

(N=573) (Nes73) Value
0.01
236 (41.3) 243 (42.4)
66 (11.5) 45(7.9)
126 (22.0) 109 (19.0)
89 (15.6) 91(15.9)
55(9.6) 85(14.8)
0.98
32(5.6) 29(5.1)
182 (31.8) 184 (32.1)
220(38.4) 225(39.3) 0.76
151 (26.4) 146(25.5)  0.73
43(7.5) 48 (8.4) 0.58
357(62.3) 376 (65.6) 0.24
139(24.3) 168 (29.3) 0.05
7(1.2) 5(0.9) 0.56
4(0.7) 4(0.7) 1
32(5.6) 63(11.0) <0.001
39(6.8) 75(13.1) <0.001

coronary calcium scores despite having a lower preva-
lence of traditional CV risk factors, and when cross-
matched with non-cancer counterparts also exhibited an
excess of atherosclerotic cardiovascular disease (ASCVD)
by quantifiable calcific burden (Table 1). With statisti-
cally lower rates of common CVD risk factors including
hypertension, obesity, diabetes mellitus type 2, and dys-
lipidemia, cancer patients were found to have equivalent
rates of CVD events (defined as coronary artery disease,
heart failure, myocardial infarction, cerebrovascular acci-
dent, or peripheral arterial disease). This highlights the
possibility and likelihood of cancer diagnosis and treat-
ment being independent risk factors in the develop-
ment of CVD and suggests that clinical risk stratification
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models centered on common risk factor profiles and
clinical characteristics may underestimate risk in this
population.

Furthermore, cancer patients with moderate (101-400)
and extensive (>400) CACS were found to have signifi-
cantly increased prevalenceof atherosclerotic calcific
burden, including both PAD and CVA, in comparison to
their non-cancer counterparts (Table 2). This is in keep-
ing with prior studies exemplified by Whitlock, et al. [24],
which showed the association between cancer diagnosis
and treatment with the development of coronary calcifi-
cations. Recognizing the incremental value of these find-
ings is critical. Our findings, in building on those of prior
studies, suggest that CACS may serve as a risk stratifica-
tion tool for the identification of an at-risk for CV disease
cancer patients’ population. Early identification of CV
risk may lead to implementation of preventive therapies.

The proposed mechanisms underlying the link between
cancer and CVD center primarily on the role of cancer
in promoting local and systemic inflammatory cascades.
Inflammasomes, interleukins, and pro-inflammatory
cytokines that are commonly elevated in cancer patients
have been linked to accelerated atherogenesis [25-28].
Furthermore, proposed secondary mechanisms such as
biomarker-mediated alterations in metabolism [13, 29]
suggest that mitigation of risk through dietary, lifestyle,
and risk factors modification alone is likely insufficient.

Beyond the direct pathophysiological impacts of can-
cer itself, the effects of the many therapies used to treat
cancer cannot be ignored. Chemotherapeutic agents
such as tyrosine kinase inhibitors, platinum agents, taxa-
nes, 5-fluorouricil, and hormonal therapies have all been
implicated in the development of CVD through mecha-
nisms such as direct endothelial cell injury, oxidative
stress, myocardial ischemia through vasospasm, arterial
thrombosis, and promoting CVD risk factors such as rel-
evant systemic hypertension [3, 30-33]. These impacts
are only further compounded by exposures to other nox-
ious therapies such as radiation therapy and androgen
deprivation therapy, both commonly implicated in the
development of CVD [18, 34-36].

Therapies well-established for ASCVD risk reduction
in the general population are not without risk, especially
in cancer patients who are prone to several iatrogenic
and intrinsic comorbidities such as myelosuppression
and end-organ failure [37, 38]. Therefore, risk stratifica-
tion tools in this population must not only assess for the
presence of ASCVD, but also help guiding the need for
safe and early intervention [39].

Though beyond the scope of this study, our data on
increased incidence of atherosclerotic disease by rela-
tive calcific burden may also suggest the need for future
establishment of adjusted CACS thresholds that are
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specific to this at-risk population and highlights a need
for further dedicated investigations. Most prior studies
on this topic have been limited to small, cross-sectional
cohorts, often focused on one specific malignancy. To
our knowledge, our cohort of over 700 patients, repre-
senting a wide variety of cancer types, is one of the larg-
est of its kind.

Study limitations
Potential for referral bias could exist, but this retrospec-
tive analysis is not equipped to evaluate for this bias.

Like previous investigations into this topic, limitations
of this study include the lack of data regarding the spe-
cific therapy received by each patient undergoing cancer
treatment, representing a possible confounding contribu-
tor to outcomes and CVD burden. This highlights a need
for a dedicated study into CACS profiles and risk strati-
fication according to the type of therapy received. Fur-
thermore, the single-center and retrospective nature of
the analysis limits the statistical power of the study, pre-
cluding stratification by individual cancer type to better
determine specific screening and intervention needs by
type of malignancy. Randomized, prospective investiga-
tion into the topic will be required.

Short-term follow-up was deemed a limitation in cor-
relating CACS with CVD events such as myocardial
infarction and heart failure. Future analyses are needed
with a focus on CACS profiles by malignancy sub-type
and treatment modality to better assess the CVD impact
on each individual scenario. Considering the increasingly
understood risk of CVD faced by cancer patients across
all sub-types, studies like these may yield new applica-
tions of widely available CACS to improve detection,
stratification, and intervention of CVD in this vulnerable
population.

Conclusions

Comparing an age- & sex-matched cohort of patients
with cancer vs. non-cancer, we found similar CACS
scores and prevalence of CVD despite a lower relative
burden of CV risk factors. Ranges of CACS scoring and
the prevalence of CVD events in cancer patients were no
different from non-cancer group, suggesting higher prev-
alence after adjusting for risk factors. A propensity analy-
sis was made to confirm this finding. Cancer patients
with high CACS scores had a higher incidence of PAD.
Given the retrospective single-center nature of this study,
we propose additional prospective multicenter studies to
better assess CACS in patients with cancer.

We acknowledge that this comparison is limited by the
database, hence further prospective studies are needed to
confirm, expand, and better understand the mechanisms
behind our results.
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Clinical perspective

Patients with cancer may have high calcium scores and
increased risk of atherosclerotic /vascular events, even
when they have less CV risk factors, suggesting an inde-
pendent increased risk of atherosclerosis/CVD present in
the cancer population.

Abbreviations

CACS Coronary artery calcium score

(@Y% Cardiovascular

cT Computed tomography

CAD Coronary artery disease

MDCT  Multi-detector computed tomography
HER Electronic health care records

C Cancer patients

NC Non-cancer patients

CVD Cardiovascular disease

PAD Peripheral arterial disease

CVA Cerebrovascular accident

ASCVD  Atherosclerotic cardiovascular disease
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