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High-Sensitivity Cardiac
Troponin I for Long-Term
Cardiovascular Risk
Stratification in a Cancer
Clinic Population
Potentially cardiotoxic therapies are commonly used
in the management of patients with cancer.1-3 Our
objective was to assess the utility of the high-
sensitivity cardiac troponin I (hs-cTnI) cardiovascu-
lar risk stratification cutoffs proposed for the general
population in a large outpatient cancer population for
future myocardial infarction (MI) or heart failure (HF)
admission.4

After ethics approval (Hamilton Integrated
Research Ethics Board #4717), over a 6-week period
(March through April) in 2013, every clinically or-
dered lithium heparin plasma sample (used for
clinical chemistry testing) obtained from ambulatory
patients at the Juravinski Cancer Center (ie, cancer
clinic patients) was tested using the Abbott hs-cTnI
assay.2,3 In total, 4,817 samples were tested for hs-
cTnI. The results were not reported to the
ordering clinicians (ie, not used for clinical pur-
poses). We obtained clinical outcomes via linkage to
provincial databases housed at ICES (formerly
known as the Institute for Clinical Evaluative Sci-
ences) (Registered Persons Database for mortality
and Canadian Institute for Health Information
Discharge Abstract Database for hospital discharges
associated with MI or HF).5 These data sets were
linked using unique encoded identifiers and
analyzed at ICES with the outcome approach having
been validated.5 We excluded samples drawn from
patients previously diagnosed with HF (n ¼ 383). If
more than 1 sample was obtained during the accrual
period, we used only the first sample per unique
patient for analysis (n ¼ 1,316 excluded). We further
excluded patients with histories of MI, percuta-
neous coronary intervention, coronary artery bypass
graft surgery (n ¼ 109) and those for whom the
exact cancer diagnoses date was not in the Ontario
Cancer Registry database (n ¼ 300). We assessed the
final cohort (n ¼ 2,709 unique patients, 50.1% men)
for future MI or HF (composite outcome over 8
years, as previously described in another
population).5

We used the following risk stratification cutoffs:
group 1 consisted of patients with hs-cTnI <4 ng/L
(female) and <6 ng/L (male), group 2 included pa-
tients with hs-cTnI 4 to 10 ng/L (female) and 6 to
12 ng/L (male), group 3 included patients with hs-cTnI
11 to 16 ng/L (female) and 13 to 34 ng/L (male), and
group 4 consisted of patients with hs-cTnI above the
sex-specific 99th-percentile upper reference limits
(>16 ng/L in women, >34 ng/L in men).4 We used
outcome rates per 1,000 person-years in constructing
Cox models (cause-specific hazard model with death
as a competing risk) and produced cumulative inci-
dence function curves as part of the competing risk
analysis (death as a competing risk, Gray’s test) to
assess the composite outcome over 8 years across
different hs-cTnI groups. We adjusted the Cox model
for age, sex, medical history (diabetes, arrhythmia,
hypertension, stroke, angina, stress test, peripheral
vascular disease, liver disease, and dementia), pres-
ence of metastases, cancer site, the Charlson comor-
bidity index, and time from cancer diagnosis to hs-
cTnI measurement. We performed all statistical ana-
lyses using SAS (SAS Institute) and present the results
from the Cox model as HRs with corresponding
95% CIs; P < 0.05 were considered to indicate statis-
tical significance.

In the cohort, the median time from cancer diag-
nosis to sample collection for hs-cTnI testing was 1.7
years (Q1-Q3: 0.5-4.4 years). Hematological cancers
were the most prevalent (29%), followed by colorectal
cancers (12%). Approximately 27% of the visits were
related to chemotherapy, 3% were related to radio-
therapy, and the remainder were follow-up or moni-
toring visits (70%). The median follow-up time for the
MI and HF outcome was 4.1 years (Q1-Q3: 1.1-8.0
years), with the total number of events being 90 MIs,
263 episodes of HF, and 1,582 deaths over the 8 years.
In the time-to-event models, only first events were
considered, and accordingly, there were 80 MIs, 238
HF, and 1367 deaths.

A total of 96 patients (3.5%) had hs-cTnI concen-
trations exceeding the 99th percentile (ie, myocardial
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FIGURE 1 Survival Curves According to hs-cTnI Risk Thresholds for MI and HF
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Cumulative incidence function curves as part of the competing risk analysis (death as a competing risk, Gray’s test) to assess the composite

outcome of myocardial infarction (MI) and heart failure (HF) over 8 years across different high sensitivity cardiac troponin I (hs-cTnI) groups.
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injury was present), with 25 patients on treatment
(mean hs-cTnI 117 � 285 ng/L). Both age (P < 0.001)
and the MI and HF rate per 1,000 person-years
(P < 0.001) were different among the groups: in
group 1, the median age was 61 years (Q1-Q3: 52-70
years), and the outcome rate was 19 (95% CI: 16-22); in
group 2, the median age was 71 years (Q1-Q3: 62-78
years), and the outcome rate was 51 (95% CI: 41-62); in
group 3, the median age was 69 years (Q1-Q3: 63-78
years), and the outcome rate was 66 (95% CI: 46-94);
and in group 4, the median age was 66 years (Q1-Q3:
58-78 years), and the outcome rate was 104 (95% CI:
68-159). Cumulative incidence function curves
demonstrated a stepwise increase in event rates with
increasing hs-cTnI levels (Figure 1).

During the 8 years of follow-up, relative to group 1
(low risk), the HR was 1.54 (95% CI: 1.17-2.03) for group
2, 2.20 (95% CI: 1.47-3.29) for group 3, and 4.01 (95% CI:
2.50-6.43) for group 4. In sensitivity analyses evalu-
ating visit type and metastatic disease status, only the
HRs for group 4 remained significant (P < 0.05) in
patients at follow-up visits (n ¼ 71; HR: 4.58; 95% CI:
2.68-7.85), at treatment-related visits (n¼ 25; HR: 3.22;
95% CI: 1.09-9.50), and in patients with (n ¼ 21; HR:
19.72; 95% CI: 4.56-85.28) and without (n ¼ 75; HR:
3.63; 95% CI: 2.18-6.04) metastatic disease.

The other significant covariates in the overall Cox
model were age (HR per year increase: 1.04; 95% CI:
1.03-1.05), male sex (HR: 1.42; 95% CI: 1.08-1.85), his-
tory of diabetes (HR: 1.39; 95% CI: 1.07-1.80), hyper-
tension (HR: 1.55; 95% CI: 1.18-2.02), and liver disease
(HR: 3.77; 95% CI: 1.15-12.42). Excluding patients with
hospital admissions within 2 weeks prior to blood
collection (n ¼ 49), the HRs remained similar for the
aforementioned covariates and for group 2 (HR: 1.58;
95% CI: 1.19-2.08), group 3 (HR: 2.19; 95% CI: 1.46-
3.29), and group 4 (HR: 4.11; 95% CI: 2.56-6.61).

This study provides important long-term cardio-
vascular risk stratification information regarding hs-
cTnI in a large cancer clinic population. Specifically,
these data pertain to hs-cTnI measurements per-
formed both during cancer treatment and in
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survivorship (ie, remote from cancer therapy
completion). Limitations include the lack of docu-
mentation of specific cancer treatments and cancer
stage in the ICES database, as well as assessing all-
cause death as opposed to cardiovascular death (not
available in the data set) in this cohort. Notwith-
standing these limitations, these data indicate
that cancer clinic patients with hs-cTnI
concentrations <4 ng/L (women) and <6 ng/L (men)
are at lowest cardiovascular risk, with concentrations
above the 99th percentile (group 4) representing a
high-risk group that warrants further clinical and
laboratory investigations.
*Peter A. Kavsak, PhDa

Joshua O. Cerasuolo, MScb

David Kirkwood, MScb

Richard Perez, MScb

Hsien Seow, PhDb,c

Jinhui Ma, PhDd

Andrew Worster, MD, MSce

Dennis T. Ko, MD, MScf

Sukhbinder Dhesy-Thind, MD, MScc

Darryl Leong, MBBS, MPH, PhDe,f

*Juravinski Hospital and Cancer Centre
711 Concession Street
Hamilton, Ontario L8V 1C3, Canada
E-mail: kavsakp@mcmaster.ca

From the aMcMaster University, Hamilton, Ontario
Canada; bICES McMaster, Faculty of Health Sciences,
Hamilton, Ontario, Canada; cMcMaster University,
Hamilton, Ontario, Canada; dMcMaster University,
Hamilton, Ontario, Canada; eMcMaster University,
Hamilton, Ontario, Canada; and the fICES, Toronto,
Ontario, Canada.
https://doi.org/10.1016/j.jaccao.2023.11.006

� 2024 The Authors. Published by Elsevier on behalf of the American College of
Cardiology Foundation. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Salim Hayek, MD, served as Guest Asssociate Editor for this paper. Paaladinesh
Thavendiranathan, MD, MSc, served as Guest Editor-in-Chief for this paper.
This study was supported by the Institute for Clinical Evaluative Sciences with
ICES, which is funded by an annual grant from the Ontario Ministry of Health
and Ministry of Long-Term Care. Additional funding was obtained through a
Canadian Institutes of Health Research grant to Dr Kavsak. This research used
data adapted from the Statistics Canada Postal Code Conversion File, which is
based on data licensed from Canada Post Corporation, and/or data adapted from
the Ontario Ministry of Health Postal Code Conversion File, which contains data
copied under license from Canada Post Corporation and Statistics Canada. Parts
of this material are based on data and/or information compiled and provided by
the Canadian Institute for Health Information, Ontario Health, and the Ontario
Ministry of Health; analyses, conclusions, opinions, and statements expressed
herein are solely those of the authors and do not reflect those of the funding or
data sources. Dr Kavsak has received grants, reagents, consulting and advisory
fees, and honoraria from Abbott Laboratories, Abbott Point of Care, Beckman
Coulter, Ortho Clinical Diagnostics, Randox Laboratories, Roche Diagnostics,
Quidel, Siemens Healthcare Diagnostics, and Thermo Fisher Scientific. McMaster
University has filed patents with Dr Kavsak in the acute cardiac biomarker field.
For this study, the hs-cTnI reagent, calibrator, and controls were provided by
Abbott. All other authors have reported that they have no relationships relevant
to the contents of this paper to disclose.
The authors attest they are in compliance with human studies committees and
animal welfare regulations of the authors’ institutions and Food and Drug
Administration guidelines, including patient consent where appropriate. For
more information, visit the Author Center.

R EF E RENCE S

1. Henriksen PA, Rankin S, Lang NN. Cardioprotection in patients at high risk of
anthracycline-induced cardiotoxicity: JACC: CardioOncology primer. J Am Coll
Cardiol CardioOnc. 2023;5(3):292–297.

2. Dhesy-Thind S, Kumar V, Snider-McNair A, et al. Cardiac and inflammation
biomarker profile after initiation of adjuvant trastuzumab therapy. Clin Chem.
2013;59:327–329.

3. Kavsak PA, Hoard B, Mackett K, Mukherjee SD, et al. Detection of macro-
troponin in patients receiving treatment for breast cancer. CJC Open.
2023;5(8):658–660.

4. Sigurdardottir FD, LyngbakkenMN,HolmenOL, etal. Relativeprognosticvalue
of cardiac troponin I and C-reactive protein in the general population (from the
Nord-Trøndelag Health [HUNT] study). Am J Cardiol. 2018;121:949–955.

5. Kavsak PA, Newman AM, Lustig V, et al. Long-term health outcomes asso-
ciated with detectable troponin I concentrations. Clin Chem. 2007;53:220–227.

mailto:kavsakp@mcmaster.ca
https://doi.org/10.1016/j.jaccao.2023.11.006
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.jacc.org/author-center
http://refhub.elsevier.com/S2666-0873(23)00352-6/sref1
http://refhub.elsevier.com/S2666-0873(23)00352-6/sref1
http://refhub.elsevier.com/S2666-0873(23)00352-6/sref1
http://refhub.elsevier.com/S2666-0873(23)00352-6/sref2
http://refhub.elsevier.com/S2666-0873(23)00352-6/sref2
http://refhub.elsevier.com/S2666-0873(23)00352-6/sref2
http://refhub.elsevier.com/S2666-0873(23)00352-6/sref3
http://refhub.elsevier.com/S2666-0873(23)00352-6/sref3
http://refhub.elsevier.com/S2666-0873(23)00352-6/sref3
http://refhub.elsevier.com/S2666-0873(23)00352-6/sref4
http://refhub.elsevier.com/S2666-0873(23)00352-6/sref4
http://refhub.elsevier.com/S2666-0873(23)00352-6/sref4
http://refhub.elsevier.com/S2666-0873(23)00352-6/sref5
http://refhub.elsevier.com/S2666-0873(23)00352-6/sref5

	High-Sensitivity Cardiac Troponin I for Long-Term Cardiovascular Risk Stratification in a Cancer Clinic Population
	References


