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Abstract

Aims Cardio-oncology is a growing interdisciplinary field which aims to improve cardiological care for cancer patients in
order to reduce morbidity and mortality. The impact of cardiac biomarkers, echocardiographic parameters, and cardiological
assessment regarding risk stratification is still unclear. We aimed to identify potential parameters that allow an early risk strat-
ification of cancer patients.

Methods and results In this cohort study, we evaluated 930 patients that were admitted to the cardio-oncology
outpatient clinic of the University Hospital Heidelberg from January 2016 to January 2019. We performed
echocardiography, including Global Longitudinal Strain (GLS) analysis and measured cardiac biomarkers including
N-terminal pro brain-type natriuretic peptide (NT-proBNP) and high-sensitivity cardiac troponin T levels (hs-cTnT). Most
patients were suffering from breast cancer (n = 450, 48.4%), upper gastrointestinal carcinoma (n = 99, 10.6%) or multiple
myeloma (n = 51, 5.5%). At the initial visit, we observed 86.7% of patients having a preserved left ventricular ejection
fraction (LVEF >50%). At the second follow up, still 78.9% of patients showed a preserved LVEF. Echocardiographic param-
eters or elevation of NT-proBNP did not significantly correlate with all-cause mortality (ACM) (logistic regression LVEF
<50%: P = 0.46, NT-proBNP: P = 0.16) and failed to identify high-risk patients. In contrast, hs-cTnT above the median
(>7 ng/L) was an independent marker to determine ACM (multivariant logistic regression, OR: 2.21, P = 0.0038) among
all included patients. In particular, hs-cTnT levels before start of a chemotherapy were predictive for ACM.

Conclusions Based on our non-selected cohort of cardio-oncological patients, hs-cTnT was able to identify patients with high
mortality by using a low cutoff of 7 ng/L. We conclude that measurement of hs-cTnT is an important tool to stratify the risk for
mortality of cancer patients before starting chemotherapy.
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Introduction early detection, personalized treatment options with novel

therapies,”> and common risk factors for cancer and
The importance of cardiologic care for cancer patients has cardiovascular disease.®> Moreover, there is evidence that
emerged over the last years. Three major reasons account cardiovascular diseases can promote the occurrence of
for that: improved survival rates of cancer patients due to  cancer and vice versa.*® In general, cardiovascular events
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such as thrombosis, pulmonary embolism, heart failure,
arrhythmia or pericardial effusion have higher incidences in
patients suffering from cancer, due to the malignant disease
itself or in response to its therapy.®

So far, there are only a few studies dedicated to onco-
logic patients and their specific cardiovascular assessment.
This is why the role of cardiac biomarkers or cardiac thera-
pies are still not well defined for the care of cancer
patients.®>”® It is further unclear which surveillance algo-
rithms to use in order to fulfil the specific needs of cancer
patients treated with certain kinds of chemotherapy/
radiotherapy or who are suffering from multiple oncological
diseases.

The life expectancy of patients suffering from potentially
curable cancer entities such as breast cancer is frequently
limited by non-oncological complications. In fact, cardiovas-
cular events are the main cause for death in breast cancer
patients who have survived their malignant disease for over
10 years.'®

These cardiovascular events require special treatment with
regard to the medical history of the patients. One critical aim
of cardio-oncological care is to accompany cancer patients
throughout their systemic therapy, so that cardiac high-risk
patients can endure potential cardiotoxic drug regimens.
Therefore, early detection and subsequent treatment of
cardiovascular adverse effects are a cornerstone to improve
outcome of cancer patients.%*°

To date, there is a lack of knowledge, how cardiac
parameters can predict the mortality of cancer patients.
In order to diagnose cardiotoxicity, many studies concen-
trated on functional alterations in cardiac imaging, espe-
cially in echocardiography.**™* Apart from oncological
patients, high-sensitivity cardiac troponin T (hs-cTnT) has
been shown to be a determining factor for all-cause mor-
tality (ACM) in patient cohorts with stable coronary heart
disease.®> More recently, cardiotoxicity was classified in
three categories: higher grades showed a significantly re-
duced survival. The grading was distinguished by a combi-
nation of biomarkers and echocardiographic parameter
including the left ventricular ejection fraction (LVEF), the di-
astolic function (E/E/), and the global longitudinal strain
(GLS). The authors did not focus on the role of single
factors, whereas the left ventricular function played a pre-
dominant role.*®

The primary objective of our study was to determine car-
diac factors which help to risk stratify cancer patients in a
cardio-oncological setting. We hypothesize that functional
impairments in cardiac function and cardiac biomarkers cor-
relate with the patients’ mortality.

In the current cardio-oncological study cohort, an elevated
plasma concentration of hs-cTnT was associated with
increased ACM. This allowed a prediction of the patients’ out-
come superior to NT-proBNP or functional cardiac
parameters.

Methods
Patients

930 patients attended the cardio-oncology unit at the Univer-
sity Hospital Heidelberg in the context of systemic therapies
at the oncology departments from January 2016 to January
2019. Patient data were collected within the HEidelberg
Cardio-Oncology REgistry (HEartCORE). The study protocol
was approved by the Ethics Committee of the Medical
Faculty, University Heidelberg (S-286/2017, 390/2011). The
investigation conforms with the principles outlined in the
Declaration of Helsinki.

Patients were admitted to the cardio-oncology unit accord-
ing to the current guidelines of the American Heart
Association (AHA) and European Society of Cardiology (ESC).
We did not exclude patients with prior heart failure or reduc-
tion in LVEF before the first presentation.

Every patient was examined prospectively by 12-lead-ECG,
echocardiography including GLS, if technically applicable, and
cardiac biomarkers [hs-cTnT, N-terminal pro brain-type natri-
uretic peptide (NT-proBNP)] were assessed, if applicable. In
810 patients, hs-cTnT was measured at the first or second
presentation. These patients were included in the following
analysis regarding cardiac biomarkers.

If no cardiac alterations were found at the first presenta-
tion, we monitored the patients every 12 weeks as long as
the oncological therapy was continued. Patients with a termi-
nated regimen presented once. In case of reduction of LVEF,
hs-cTnT or NT-proBNP-elevation or symptoms of heart failure
or acute coronary syndrome, we assessed the patients more
frequently, in general every 4 weeks. Further cardiac assess-
ment via cardiac computer tomography (CT), cardiac magnet
resonance tomography (MRI), or cardiac catherization were
based on clinical presentation, echocardiographic parameter,
and cardiovascular risk factors.

Data acquisition

Patient specific data were extracted from electronic medical
records including ECG, laboratory results, echocardiographic
measurements, cardiac MRI/CT results, and angiographic re-
sults using the cardiac Research Data Warehouse (RWH).
Measurement of hs-cTnT in plasma samples was per-
formed using the Elecsys® Troponin T high sensitive hs-cTnT
assay (Roche Diagnostics) on a Cobas® e411 immunoassay
analyser in the central laboratory at Heidelberg University
Hospital. On Cobas e411, limit of blank (LoB), limit of detec-
tion (LoD), 10% coefficient of variation (CV), and 99th percen-
tile cutoff values for the hs-cTnT assay were 3, 5, 13, and
14 ng/L.Y""*® N-terminal pro brain-type natriuretic peptide
was measured by the Stratus® CS Acute Care” NT-proBNP
assay (Siemens AG, Berlin and Munich, Germany). The
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glomerular filtration rate (GFR) was measured in the central
laboratory at Heidelberg University Hospital according to
the Modification of Diet in Renal Disease (MDRD) method.
Outcome data, including ACM, the date of the initial cancer
diagnosis, and tumour grading, were acquired from the
Clinical Cancer Registry of the National Centre for Tumour
Diseases (NCT) Heidelberg. Tumour grading was performed
via pathological evaluation. If there was no pathological ma-
terial present, we used the clinical staging data.

Echocardiography was performed on a General Electrics
(GE) Vivid E9 machine. Images were acquired ECG-triggered
with at least three beads per image. LVEF was measured by
a physician who is experienced in echocardiography using
the biplanar calculation (2- and 4-chamber view). GLS was de-
termined by use of a vendor-dependent analysis software
(GE). The endocardial surface was detected automatically
with manual adjustments, if necessary.

Statistical analysis

Pie charts and graphs were illustrated in GraphPad Prism, ver-
sion 6.0. In order to compare continuous variables, we used
the Mann—-Whitney test. Dichotomic data were compared
using the binomial distribution model. A confidence interval
of 95% was considered significant.

Logistic regression analyses were performed in R, version
3.6.2. with the use of the packages safeBinaryRegression
(version: 0.1-3), MASS (version 7.3) and in-house-scripting.
The ggplot2 package (version: 3.2.1) was used to illustrate
forest plots.

ROC curves and AUC analysis were calculated by the use of
the pROC package (version 1.16.2). Kaplan—Meier curves
were generated with the survival package (version: 3.1-8).
The observational range was set to 5 years. Patients with
shorter follow-ups were censored. The follow-up for ACM
was defined as the time difference between the initial cancer
diagnosis and the date of death or the date of the last re-
ported medical presentation, respectively. Adjustments of
hs-cTnT were performed to left ventricular function, the
occurrence of diabetes or arterial hypertension, body mass
index (BMI), NT-proBNP levels, GFR, age, and gender. The
log rank test was used to determine differences in survival.
A P-value <0.05 was considered significant.

Elevated hs-cTnT was determined as levels above the 99th
percentile (14 ng/L)*® and elevated NT-proBNP as levels
above the rule-out criterion of heart failure (300 ng/L).%° Me-
dian laboratory values in our cohort were used for further
analysis in order to predict ACM.

Impairments in the systolic left ventricular function were
defined as previously published and recommended in the
current guidelines of the European Society of Cardiology
(ESC). A drop in LV-function was defined as a LVEF deteriora-
tion of above 5% or below 50%.%*

Results

We examined 930 patients before, during or after their sys-
temic therapies between January 2016 and January 2019.
These patients were mainly diagnosed with breast cancer
(48.4%), upper gastrointestinal carcinoma (10.6%), multiple
myeloma (5.5%), or melanoma (4.1%). Most of the patients
were graded T1 or T2 (34.0%) and had no metastasis (MO,
49.8%) or affected lymph nodes (NO, 49.8%).

The majority of patients in the outpatient clinic was seen
during an adjuvant or neoadjuvant setting (415 patients,
44.6%). 138 patients (14.8%) attended after terminated onco-
logical therapies or during palliative regimes (228 patients,
24.5%). 318 patients (34.2%) were treated with radiation,
547 patients (58.8%) underwent surgery and 870 patients
(93.5%) received chemotherapy (Table 1). Among those
patients, 413 patients with available data for outcome and
hs-cTnT were seen before the start of their first chemothera-
peutic regimen. 123 patients presented initially in the cardio-
oncology unit during chemotherapy and 109 patients after a
terminated chemotherapy. Regarding the cardiovascular risk
factors (arterial hypertension, diabetes, adiposity, smoking
and hyperlipidemia), there were no significant differences be-
tween the groups (Table 2). Patients were seen again after
98 days at median (IQR: 58, 153 days, n = 392) and after
191 days (IQR: 127, 287 days, n = 191). Follow-ups of the out-
come were obtained for 553 days at median (IQR: 288;
1,213 days, n = 846). The median time between the initial
cancer diagnosis and the blood draw of the cardiac bio-
markers was 263 days (IQR: 35; 1,758 days, n = 810). All
patients received a cardiological assessment including anam-
nesis, physical examination, echocardiography including GLS
and cardiac biomarkers (hs-cTnT and NT-proBNP), if applica-
ble. Based on clinical decisions, 15 patients (1.6%) underwent
CT scans to rule out any significant coronary heart disease
(CHD). In 113 patients (12.1%) a cardiac catheterization and
in 129 patients (13.8%) a cardiac MRI was performed. A more
detailed description of the patients’ characteristics and
demographics can be found in Table 1.

Functional cardiac assessments

806 patients (86.7%) showed a preserved systolic left ventric-
ular ejection fraction (LVEF >50%) on their first admission to
the cardio-oncology unit. 50.3% of patients (n = 282/561)
with data for GLS showed reduced values (GLS > —18%)
and 26.7% (n = 174/652) had a reduced diastolic function
(E/E/ > 8).

A total of 78.9% of patients still showed a preserved sys-
tolic LV function at second follow-up. However, 17.2% of
these patients showed elevated levels of N-terminal pro
brain-type natriuretic peptide (NT-proBNP) (above rule-out,
>300 ng/L) and 11.4% of these patients elevated hs-cTnT
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Table 1 Baseline characteristics

Total hs-cTnT Hs-cTnT Hs-cTnT >7
Total (n = 930) (n = 810) <7 ng/L (n = 374) ng/L (n = 436) P-value
Age (years) 61 (52, 70) 60 (52, 70) 54 (46, 62) 67 (58, 75) <0.001
Male gender 287 (30.9%) 240 (29.6%) 51 (13.6%) 189 (43.3%) <0.001
Risk factors
Arterial hypertension 222 (23.9%) 196 (24.2%) 56 (15%) 140 (32.1%) <0.001
Diabetes 94 (10.1%) 85 (10.5%) 23 (6.1%) 62 (14.2%) <0.001
BMI > 35 kg/m2 49 (5.3%) 46 (5.7%) 21 (5.6%) 25 (5.7%) 1.0
Smoking 272 (30.8%) 256 (32.7) 112 (30.7) 144 (33.0) 0.522
Hyperlipidemia 135 (15.3%) 126 (16.1) 39(10.7) 87 (20.0) 0.001
Cancer diagnosis
Breast cancer 450 (48.4%) 404 (49.9%) 258 (69.0%) 146 (33.5%) <0.001
Upper Gl tumour 99 (10.6%) 90 (11.1%) 25 (6.7%) 65 (14.9%) <0.001
Multiple myeloma 51 (5.5%) 41 (5.1%) 8 (2.1%) 33 (7.6%) <0.001
Melanoma 38 (4.1%) 36 (4.4%) 15 (4.0%) 21 (4.8%) 0.70
Ovarian cancer 35 (3.8%) 31 (3.8%) 9 (2.4%) 22 (5.0%) 0.08
NET 34 (3.7%) 28 (3.5%) 12 (3.2%) 16 (3.7%) 0.87
Lymphoma 31 (3.3%) 29 (3.6%) 7 (1.9%) 22 (5.0%) 0.03
AML 29 (3.1%) 18 (2.2%) 8 (2.1%) 10 (2.3%) 1.0
Sarkoma 19 (2.0%) 15 (1.9%) 2 (0.5%) 13 (3.0%) 0.02
Other 144 (15.5%) 118 (14.6%) 30 (8.0%) 88 (20.2%) <0.001
Oncologic staging
Tis 2 (0.2%) 1 (0.1%) 1(0.1%) 0 (0.0%) 0.93
T 166 (17.8%) 152 (18.8%) 104 (27.8%) 48 (11.0%) <0.001
T2 151 (16.2%) 134 (16.5%) 84 (22.5%) 50 (11.5%) <0.001
T3 125 (13.4%) 114 (14.1%) 35 (9.4%) 79 (18.1%) <0.001
T4 60 (6.5%) 54 (6.7%) 24 (6.4%) 30 (6.9%) 0.90
NO 270 (29.0%) 252 (31.1%) 160 (42.8%) 92 (21.1%) <0.001
N1 212 (22.8%) 188 (23.2%) 90 (24.1%) 98 (22.5%) 0.65
N2 39 (4.2%) 35 (4.3%) 8 (2.1%) 27 (6.2%) 0.007
Nx 3 (1.4%) 31 (3.8%) 11 (2.9%) 20 (4.6%) 0.30
MO 463 (49.8%) 423 (52.2%) 236 (63.1%) 187 (42.9%) <0.001
M1 9 (10.6%) 87 (10.7%) 28 (7.5%) 59 (13.5%) 0.008
Mx 37 (4.0%) 34 (4.2%) 19 (5.1%) 15 (3.4%) 0.32
Oncologic therapy
Therapy setting
Palliative 228 (24.5%) 174 (21.5%) 47 (12.6%) 127 (29.1%) <0.001
Adjuvant 153 (16.5%) 125 (15.4%) 58 (15.5%) 67 (15.4%) 1.0
Neoadjuvant 262 (28.2%) 237 (29.3%) 141 (37.7%) 96 (22.0%) <0.001
Terminated 138 (14.8%) 136 (16.8%) 90 (24.1%) 46 (10.6%) <0.001
Other 149 (16.0%) 138 (17.0%) 38 (10.2%) 100 (22.9%) <0.001
Chemotherapy 870 (93.5%) 752 (92.8%) 339 (90.6%) 413 (94.7%) 0.03
Before CTx 504 (54.2%) 445 (54.9%) 215 (57.5%) 230 (52.8%) 0.20
During CTx 186 (20.0%) 142 (17.5%) 42 (11.2%) 100 (22.9%) <0.001
After CTx 130 (14.0%) 122 (15.1%) 68 (18.2%) 54 (12.4%) 0.028
Anthracyclines 229 (26.3%) 195 (25.1%) 118 (32.4%) 7 (18.7%) <0.001
Trastuzumab 139 (16.0%) 118 (15.2%) 67 (18.4%) 51 (12.4%) 0.016
TKI 37 (4.2%) 25 (3.2%) 9 (2.5%) 16 (3.9%) 0.41
ICI 76 (8.7%) 63 (8.1%) 26 (7.1%) 37 (9.0%) 0.50
Pl (Carfilzomib) 1(1.3%) 9 (1.2%) 0 (0.0%) 9 (2.2%) 0.014
Other drugs 242 (26.0%) 215 (26.5%) 69 (18.4%) 146 (33.5%) <0.001
Radiation 318 (34.2%) 280 (36.1%) 141 (38.7%) 139 (33.7%) 0.10
Chest radiation 241 (25.9%) 214 (27.6%) 120 (33.0%) 94 (22.8%) 0.001
Surgery 547 (58.8%) 489 (63.0%) 239 (65.7%) 250 (60.7%) 0.07
Number of visits
1 visit 930 (100%) 810 (100%) 374 (100%) 436 (100%) 1.0
2 visits 392 (42.2%) 341 (42.1%) 152 (40.6%) 189 (43.3%) 0.43
3 visits 191 (20.5%) 167 (20.6%) 86 (23.0%) 81 (18.6%) 0.14 s
Clinical chemistry
Timepoint (days) 263 (35, 1758) 239 (33, 1884) 137 (30, 1971) 267 (39, 1490) 0.738
Hs-cTnT (ng/L) 7(4,12) 7 (4,12) 4(3,5) 119, 17) <0.001
NT-proBNP (ng/L) 141 (70, 293.5) 140 (70, 291) 96 (58, 174) 210 (101, 533) <0.001
Creatinine (mg/dL) 0.75 (0.65, 0.88) 0.74 (0.65, 0.87) 0.70 (0.63, 0.77) 0.82 (0.69, 1.03) <0.001
GFR (mL/min) 90.67 (76.4, 105.8) 90.84 (76.75, 105.7) 94.14 (84.52, 111.03) 84.36 (69.68, 99.54) <0.001
Echocardiography
LVEF (%) 60.0 (55, 60) 60 (55, 60) 60 (60, 60) 60 (55, 60) <0.001
GLS (—%) 17.9 (16.0, 20.0) 18.0 (16.0, 20.1) 18.5 (16.4, 20.4) 17.6 (15.2, 19.8) 0.002
(Continues)
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Table 1 (continued)

Total hs-cTnT Hs-cTnT Hs-cTnT >7
Total (n = 930) (n = 810) <7 ng/L (n = 374) ng/L (n = 436) P-value
E/E/ 7.00 (5.00, 9.00) 7.00 (5.00, 8.95) 6.00 (5.00, 8.00) 7.00 (6.00, 9.00) <0.001
Cardiac catheterization 110 (11.8%) 96 (11.9%) 22 (5.9%) 74 (17.0%) <0.001
Stenosis >75% 27 (2.9%) 27 (3.3%) 1 (0.2%) 26 (6.0%) <0.001
Cardiac CT 15 (1.6%) 15 (1.9%) 4 (1.1%) 11 (2.5%) 0.21
Cardiac MRI 129 (13.9%) 120 (14.8%) 40 (10.7%) 80 (18.3%) 0.003
All-cause mortality 120 (12.9%) 99 (12.2%) 24 (6.4%) 75 (17.2%) 0.002
Median follow-up 553 (288, 1213) 541 (287, 1128) 518 (283, 1245) 557 (289, 1079) 0.13
survival (days)
Causes of death
Cancer 58 (6.2%) 50 (6.2%) 14 (3.7%) 36 (8.3%) 0.01
Infection 11 (1.2%) 9 (1.1%) 0 (0.0%) 9 (2.1%) 0.014
Unknown 51 (5.5%) 40 (4.9%) 10 (2.7%) 30 (6.9%) 0.01

AML, acute myeloid leukaemia; BMI, body mass index; CT, computer tomography; CTx, chemotherapy; E, early ventricular filling velocity;
Es, peak mitral annular velocity during early filling; GFR, glomerular filtration rate; Gl, gastrointestinal; GLS, global longitudinal strain; hs-
cTnT, high-sensitivity cardiac troponin T; ICl, immune checkpoint inhibitor; LVEF, left ventricular ejection fraction; MRI, magnetic reso-
nance imaging; NET, neuroendocrine tumour; NT-proBNP, N-terminal pro brain-type natriuretic peptide; PI, proteasome inhibitor;
Timepoint, median time between cancer diagnosis and blood draw (days); TKI, tyrosin kinase inhibitor.

Table 2 Characteristics of patients with chemotherapy

Total patients with Presentation before Presentation during Presentation after Other
CTx (n = 707) CTx (n = 413) CTx (n = 123) CTx (n = 109) (n = 62) P-value
Age (year) 60 (51, 70) 60 (50, 69) 59 (48.5, 70) 60 (53, 67) 63 (56, 71) 0.310
Male gender 214 (30.3%) 137 (33.2%) 44 (35.8%) 14 (12.8%) 19 (30.6%) 0.056
Risk factors
Arterial hypertension 169 (23.9%) 91 (22.0%) 40 (32.5%) 19 (17.4%) 19 (30.6%) 0.196
Diabetes 73 (10.3%) 46 (11.1%) 18 (14.6%) 3 (2.8%) 6 (9.7%) 0.471
BMI > 35 kg/m? 40 (5.7%) 27 (6.5%) 5 (4.0%) 5 (4.6%) 3 (4.8%) 0.301
Smoking 228 (33.2%) 134 (33.5%) 38 (30.4%) 38 (34.9%) 20 (33.9%) 1.0
Hyperlipidemia 104 (15.1%) 66 (16.5%) 19 (15.2%) 15 (13.8%) 6 (10.2%) 0.444
Cancer diagnosis
Breast cancer 351 (49.6%) 194 (47.0%) 43 (35.0%) 88 (80.7%) 26 (41.9%) 0.108
Upper Gl tumour 86 (12.2%) 74 (17.9%) 8 (6.5%) 3 (2.8%) 1(1.6%) <0.001
Multiple myeloma 31 (4.4%) 23 (5.6%) 2 (1.6%) 0 (0.0%) 6 (9.7%) 0.102
Melanoma 27 (3.8%) 16 (3.9%) 7 (5.7%) 1 (0.9%) 3 (4.8%) 1.0
Ovarial cancer 31 (4.4%) 18 (4.4%) 6 (4.9%) 1 (0.9%) 6 (9.7%) 1.0
NET 25 (3.5%) 5(1.2%) 13 (10.6%) 3 (2.8%) 4 (6.5%) 0.648
Lymphoma 27 (3.8%) 17 (4.1%) 5 (4.1%) 2 (1.8%) 3 (4.8%) 0.772
AML 17 (2.4%) 12 (2.9%) 1 (0.8%) 3 (2.8%) 1 (1.6%) 0.434
Sarkoma 12 (1.7%) 6 (1.5%) 2 (1.6%) 0 (0.0%) 4 (6.5%) 0.763
Other 100 (14.1%) 48 (11.6%) 36 (29.3%) 8 (7.3%) 8 (12.9%) 0.030
Chemotherapy
Anthracyclines 177 (25.0%) 76 (18.4%) 5 (28.5%) 45 (41.3%) 21 (33.9%) <0.001
Trastuzumab 112 (5.8%) 66 (16.0%) 23 (18.7%) 17 (15.6%) 6 (9.7%) 0.336
TKI 19 (2.7%) 4 (1.0%) 12 (9.8%) 1 (0.9%) 2 (3.2%) 0.002
ICl 55 (7.8%) 26 (6.3%) 22 (17.9%) 2 (1.8%) 5 (8.1%) 0.109
PI (Carfilzomib) 8 (1.1%) 5 (1.2%) 2 (1.6%) 0 (0.0%) 1(1.6%) 1.0
Other 194 (27.4%) 105 (25.4%) 43 (35.0%) 22 (20.2%) 24 (38.7%) 0.181
Clinical chemistry
Hs-cTnT (ng/L) 7(4,11) 9 (6, 15.5) 6(4,9) 8(4,12) 7(4,11) <0.001
Echocardiography
LVEF (%) 60 (55, 60) 60 (60, 60) 60 (55, 60) 60 (60, 60) 60 (60, 60) 0.002

All-cause mortality
Median follow-up 541 (284.5, 1151.5) 391 (235, 610) 715 (323, 1409) 1095 (823, 1688) 1492 (745, 1763.25) <0.001
survival (days)

Causes of death

Cancer 50 (7.1%) 35 (8.4%) 13 (10.6%) 0 (0.0%) 2 (3.2%) 0.115
Infection 9 (1.3%) 8 (1.9%) 0 (0.0%) 0 (0.0%) 1(1.6%) 0.127
Unknown 40 (5.7%) 23 (5.6%) 11 (8.9%) 3(2.8%) 3 (4.8%) 1.0

AML, acute myeloid leukaemia; BMI, body mass index; CTx, chemotherapy; hs-cTnT, high-sensitivity cardiac troponin T; ICl, immune
checkpoint inhibitor; LVEF, left ventricular ejection fraction; NET, neuroendocrine tumour; Pl, proteasome inhibitor; TKI, tyrosin kinase
inhibitor.
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(above 99" percentile, >14 pg/mL) (Supporting Information,
Figure S1)

In terms of diastolic function, we saw fewer patients with
diastolic dysfunction during follow-ups (E/E/ > 8: 20.8% of
patients at second follow up, n = 192).

However, neither a reduced systolic LV-function (LVEF
<50%, univariate logistic regression, P = 0.46) nor reduced
GLS (univariate logistic regression, P = 0.33) did correlate
significantly with ACM (Figure 1). Consequently, patients with
a preserved LVEF >50% did not benefit with regard to sur-
vival in Kaplan—Meier analysis (Figure 2A).

Cardiac biomarkers and all-cause mortality

Overall, 120 patients (14.2%) died of any cause, but no
deaths due to cardiovascular events were documented
(Table 1). We included LVEF, GLS, and the cardiac biomarkers
NT-proBNP and hs-cTnT in addition to demographic parame-
ters and oncological diseases in logistic regression analysis in
order to test determination of ACM (Figure 1). NT-proBNP
levels above the median (141 ng/L) were not found to be
significantly related with the patients’ outcome (univariate
logistic regression, P = 0.16; log rank test: P = 0.4) (Figure 2B).

Figure 1 Univariate logistic regression analysis on all-cause mortality
(ACM). Odds ratios (OR) and 95% confidence interval are shown as forest
plot. Male gender, upper gastrointestinal (GI) tumours, and hs-cTnT levels
>7 ng/L were associated with increased mortality. Breast cancer patients
showed reduced mortality rates. P-values as indicated. BMI, body mass
index; GFR, glomerular filtration rate; Gl, gastrointestinal; GLS, global lon-
gitudinal strain; Hs-cTnT, high sensitivity cardiac troponin T; LVEF, left
ventricular ejection fraction; NT-proBNP, N-terminal pro brain-type natri-
uretic peptide.
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However, hs-cTnT above the median of 7 ng/L was
associated with ACM (univariate logistic regression,
P < 0.001). A multivariate analysis of the significant factors
from the univariate approach confirmed hs-cTnT as an inde-
pendent marker for the prediction of ACM (P = 0.0038)
(Supporting Information, Figure S2B). Furthermore, in
Kaplan—Meier curves, there were significantly fewer deaths
of patients with hs-cTnT levels <7 ng/L (log rank test:
P < 0.001) (Figures 1 and 2C). Univariate logistic regression
analysis of factors which might be correlated with hs-cTnT
>7 ng/L is shown in the Supporting Information, Figure S2A.
Apart from obesity, breast cancer, and GLS analysis, all tested
factors did correlate with hs-cTnT levels above the median of
7 ng/L.

In clinical use, commonly utilized hs-cTnT ranges (<5,
5-14, and >14 ng/L) suggest a concentration-dependent as-
sociation of plasma hs-cTnT levels and ACM (log rank test,
P = 0.0002). The analysis was adjusted to age, gender, renal
function (GFR), NT-proBNP, the BMI, diabetes, arterial hyper-
tension, and LVEF (Supporting Information, Figure S3).

The combined use of NT-proBNP and LVEF did not improve
the prediction of hs-cTnT for ACM (AUC hs-cTnT: 0.64, AUC
Hs-cTnT + NT-proBNP + LVEF: 0.60) (Supporting Information,
Figure S4). Of note, the proportion of patients with hs-cTnT
levels above 7 ng/L is significantly higher in the group of pa-
tients with a LVEF <50% (P < 0.001, y* test, Supporting Infor-
mation, Figure SI). In addition, there have been more
relevant coronary stenoses (>75% in any segment) in the pa-
tients of the higher hs-cTnT group (hs-cTnT <7 ng/L: 4.5%;
hs-cTnT >7 ng/L: 35.1%, P < 0.001). Regarding oncological
therapy, there are no significant differences in radiations or
surgery rates between the hs-cTnT groups. Interestingly,
anthrazyclines and trastuzumab were less frequently used
in patients with hs-cTnT values above 7 ng/L. There is a
higher percentage of patients with use of Carfilzomib, and
by trend of immune checkpoint inhibitors or tyrosine kinase
inhibitors with elevated hs-cTnT (Table 1).

High-sensitivity cardiac troponin T levels correlate
with left ventricular-dysfunction and all-cause
mortality

We correlated hs-cTnT with LV-dysfunction and ACM, as well
as with a combined endpoint of both, a drop in LV-function
and ACM. Given the area under the curve (AUC), hs-cTnT
has a good predictive value for a drop in left ventricular func-
tion (AUC: 0.82). The correlation with ACM and the combined
endpoint is less pronounced (ACM AUC: 0.61, Drop in LV
function ACM: 0.66). Nevertheless, we observed high values
of the sensitivity at the identified cutoff of hs-cTnT >7 ng/L
for the three endpoints. The sensitivity regarding a drop in
LV-function is 92%, regarding ACM 80% and for the combined
endpoint 84%, respectively (Figure 3).
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Figure 2 Kaplan—Meier curves on all-cause mortality (ACM). Patients are divided into two groups according to their (A) left ventricular systolic function
(LVEF >/< median of 60%), (B) NT-proBNP levels (>/< median of 141 ng/L) and (C) hs-cTnT level (>/< median of 7 ng/L). Log rank test P-value as
indicated. Hs-cTnT, high sensitivity cardiac troponin T; LVEF, left ventricular ejection fraction; NT-proBNP, N-terminal pro brain-type natriuretic peptide.

1.00 By
2 g S 3‘1'00 + " >, 1.00
= T A = # 2
-] oyt S M = i
® 0.75 1 5 ﬁ 075 gy H Wit
2 Qo - ®© 0.75 HHB4,
o P=06 2 P=0.4 _g by,
s =
= 0% LVEF = 60% Boso NT-proBNP = 141 ng/l S 050 P<0.001
S = LVEF <60% [ = NT-proBNP < 141 ng/l 5
S 025 S 2 Hs-cTnT=7 ng/l
5 ; 0.25 2025 = Hs-cTnT< 7 ng/l
@ a 5

0.00 0.00 (7]

: 0.00
0 12 24 36 48 60 0 12 24 36 48 60 0 1 o % s P

Time [month]

Time [month]

Time [month]

Figure 3 ROC curves showing the predictive value of hs-cTnT on the end-
points all-cause mortality (ACM), drop in left ventricular (LV) function and
the combined endpoint (ACM and drop in LV function). Area under the
curve (AUC) as indicated. Hs-cTnT, high sensitivity cardiac troponin T.
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High-sensitivity cardiac troponin T levels at the
start of chemotherapy are associated with higher
all-cause mortality rates

Further, we compared the predictive value of hs-cTnT on
ACM at different stages in the chemotherapeutic regimen.
Patients who presented before the start of their first chemo-
therapy in the cardio-oncology unit and whose hs-cTnT mea-
surement was below our identified cutoff showed a
significantly better outcome (log rank test: P-value: 0.01).
The patients of the given cardio-oncological cohort who
presented already during treatment did not differ in survival

(log rank test: P-value: 0.8). Patients who survived their onco-
logical disease showed a lower rate of ACM in general.
Hs-cTnT still distinguishes the survival using the cutoff of
7 ng/L (Figure 4). Concentrating on palliative patients, who
have a higher mortality than the non-palliative patients in
our cohort, hs-cTnT with the cutoff of 7 ng/L did not
significantly subdivide those patients’ ACM (P 0.1)
(Supporting Information, Figure S5).

Apart from the baseline hs-cTnT, we reevaluated the
hs-cTnT of a number of patients during follow-up. Patients
with any increase of hs-cTnT over time showed a tendency
towards an increased ACM (log rank test: P = 0.4; data not
shown). Patients with hs-cTnT levels below the 99th percen-
tile at the first and above the 99th percentile at the second
visit showed a significantly increased ACM (log rank test:
P = 0.04; Supporting Information, Figure S6).

Discussion
Cardiological management of cancer patients

In this single-centre approach, we report a 3-year experience
of the cardio-oncology unit of University Hospital Heidelberg.
Our primary aim was to determine parameters which might
be able to stratify cancer patients regarding their mortality.
The cardiological assessment of those patients revealed
hs-cTnT to be the best predictor for mortality next to the on-
cological parameters.

In recent years, cardio-oncology focused on cancer
therapy-related side effects and cardiotoxicity of chemother-
apies. The detection of cardiotoxicity and cardiological sur-
veillance strategies mainly relied on echocardiographic
parameters such as the systolic and diastolic left ventricular
function.'>™* GLS analysis was further suggested to be a sen-
sitive predictor of early cardiotoxicity.?>?> This notion is
underlined by the statements of the European Society of Car-
diology (ESC),%* the German Society of Cardiology (DGK),%®
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Figure 4 Kaplan—Meier curves on all-cause mortality (ACM). Patients are divided according to the hs-cTnT cutoff (7 ng/L), and results are shown for
patients before starting chemotherapy, patients with initial presentation during chemotherapy and patients with terminated chemotherapy. Log rank

test P-value as indicated. Hs-cTnT, high sensitivity cardiac troponin T.
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and practical guidelines of the American Society of Clinical
Oncology (ASCO)* that highlight the use of functional cardiac
parameters. According to the current European Society of
Medical Oncology (ESMO) consensus recommendations, car-
diac biomarkers may be evaluated before and during chemo-
therapy for risk stratification in addition to measurements of
the systolic LV function. The exact benefit in the daily clinical
routine still needs to be determined by prospective clinical
trials.?® There are a few studies that focus on hs-cTnT and
NT-proBNP and their specific use in cardio-oncological
patients.?” For example, in breast cancer patients who re-
ceived trastuzumab, elevated baseline troponin levels were
linked to the risk of a drop in LVEF.?® The authors could not
link biomarkers to relevant clinical events or mortality, pre-
sumably due to the limited number of patients.

High-sensitivity cardiac troponin T levels are an
independent predictor of all-cause mortality in
cancer patients

A reduced ejection fraction and worsening of left ventricular
function predicts the patients’ outcome in oncological*® and
non-oncological patients.?® In stable™ and unstable®® coro-
nary heart disease (CHD), patients whose hs-cTnT-levels are
above the 99th percentile (14 ng/L) show a significantly
higher ACM. In the present cardio-oncological cohort,
increased mortality rates were already seen above
7 ng/L. Considering the clinically used hs-cTnT-cutoffs
of <5 ng/L (not detectable), 5-14 ng/L (normal), and
>14 ng/L (elevated), the oncological patients showed a
similar pattern in mortality at generally higher mortality rates
in comparison with CHD patients.

These analyses were adjusted to known influencing factors
of hs-cTnT including GFR and cardiac risk factors (age, gender,
hypertension, diabetes, and adiposity). Deterioration in renal
function, measured via GFR, does not only correlate with el-
evated levels of hs-cTnT in our data but was previously
depicted as an independent cardiac risk factor as well.3*
Logistic regression analysis to test for co-appearance of these

factors and elevated hs-cTnT levels (>7 ng/L) revealed strong
correlations, except for adiposity. The cardiac parameters, re-
duced LVEF and elevated NT-proBNP, did also correlate with
elevated hs-cTnT. GLS did not correlate with elevated
hs-cTnT.

To our surprise, in our cohort a reduced ejection fraction
was not associated with an increase of ACM. This might be
explained by the limited number of patients with reductions
of LVEF. On the other hand, hs-cTnT levels correlated well
with a drop in LVEF. In ROC-curves, we found a particularly
high sensitivity rate at the identified hs-cTnT cutoff
(>7 ng/L) to predict worsening of the left ventricular function.
Using hs-cTnT as a risk stratification for cardio-oncological
patients, hardly any patients who experience a drop in LV
function are overlooked. Among the patients which were
further examined by cardiac catheterization, there has been
hardly any stenosis in the low hs-cTnT group.

Thus, at least in the present study cohort, echocardiogra-
phy results correlated well with hs-cTnT. Hs-cTnT, however,
used as a single marker, was superior to identify a high risk
patient cohort.

Neither reduced GLS, nor elevated levels of NT-proBNP
were able to predict ACM. Further, neither age, diabetes, ar-
terial hypertension, adiposity, nor reduced GFR correlated
significantly with unfavourable outcome.

Identification of patients at risk and follow-up

According to the current guidelines of the cardiological and
oncological societies, the main method to keep cancer pa-
tients under cardiac surveillance is echocardiography. As pro-
posed by current results from the CARDIOvascular TOXicity
induced by cancer-related therapies (CARDIOTOX) registry,
outcome-relevant cardiotoxic events include the occurrence
of a reduced systolic left ventricular function.® These data
excluded patients with history of heart failure (HF) or current
occurrence of HF. The registry contained a higher number of
female patients (84%), higher rates of breast cancer (64%)
and lymphoma (20.5%) and lower rates of gastrointestinal
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tumours (2%) than the present cohort. In our cohort, the
diagnosis of breast cancer was associated with a lower
mortality whereas gastrointestinal tumours showed higher
mortality. This might explain the low predictive value of echo-
cardiographic parameters. Breast cancer and gastrointestinal
tumours were depicted as independent predictors for ACM
in multivariant logistic regression analysis. Nonetheless,
patients with gastrointestinal tumours showed higher levels
of hs-cTnT (66.7% of patients with hs-cTnT >7 ng/L) than
breast cancer patients (28.2% of patients with hs-cTnT
>7 ng/L). A stronger association of baseline hs-cTnT values
to cardiovascular events and mortality has been shown for
females and further supports the possible impact of hs-cTnT
in female patients with cancer.?

ACM was higher in the present study (14.2% compared
with 6.2% in the CARDIOTOX registry). The percentage of pa-
tients who experienced a drop in left ventricular function
(4.3% in the present study, 5% in the CARDIOTOX registry)
was comparable between both studies. Due to the differ-
ences in the patient characteristics as mentioned above and
the observance intervals, we may see differences in the
predicting factors.

In contrast to the approach of the CARDIOTOX registry that
aimed to identify relevant cardiotoxic events during chemo-
therapies, we found that hs-cTnT levels are valuable for a risk
stratification before the start of chemotherapy. It might be
the case that reductions in left ventricular function appear
in advanced cases of cardiotoxicity, whereas elevations in
cardiac biomarkers are suitable for early risk stratification.
In patients without prior cardiotoxic therapy and without
prior cardiac disease, a low cutoff of 5 ng/L was already
shown to be associated with ACM.>3

The herewith presented real-world data with the enrol-
ment of patients with prior cardiovascular diseases highlight
the general role of hs-cTnT in risk-stratification of cardio-
oncological patients and the potential impact of the plasma
concentration of hs-cTnT as a critical determinant for the pre-
diction of mortality. Particularly, baseline hs-cTnT values in
patients before starting chemotherapy were predictive. The
first evaluation of hs-cTnT during or after chemotherapy
played a minor role in HEartCORE patients. Of note, in a
subgroup of patients we observed a prognostic value of an
elevation of hs-cTnT >14 ng/L in the follow-up.

Conclusions

Based on the present data, measurement of cardiac hs-cTnT
can possibly be used for the risk stratification of cancer
patients. In particular, hs-cTnT values which were measured
before starting chemotherapy showed a predictive value.
Patients with higher hs-cTnT plasma concentration (>7 ng/L)
should be considered for a more detailed cardiac surveillance

strategy. Hs-cTnT might additionally be implemented in can-
cer studies to early identify high-risk patients.

Further prospective, randomized, multi-centre trials need
to confirm these findings in other clinical cohorts. It further
needs to be determined, if functional measurements
including echocardiography might be dispensable in low-risk
patients characterized by hs-cTnT levels <7 ng/L.

Study limitations

Patients were evaluated in the context of a cancer-related
therapy. The study cohort describes a real-world collective
without patient selection according to specific oncological
or cardiological parameters.

During follow-up consultations, there is an additional
selection bias that needs to be noted, because patients with
pathological findings (e.g. elevated cardiac biomarker or
reduction of LVEF) were admitted to a more stringent
follow-up regimen. Patients who presented themselves after
a terminated therapy can be considered as cancer survivors
and showed a considerably lower overall mortality rate.

Data of the all-cause mortality were retrieved from the
Clinical Cancer Registry of the National Centre for Tumour
Diseases (NCT) Heidelberg. The causes of death could be
linked to the oncological disease in most cases. Nevertheless,
51/120 cases had an unknown cause of death and were
not able to be linked to specific, e.g. cardiovascular
complications.
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Figure S1. (A) Pie charts of LV-function, measured via echo-
cardiography at the first three consultations. Patients num-
bers and distribution of preserved LVEF (LVEF > 50%),
mid-range reduced LVEF (LVEF 40-50%) und reduced LVEF
(LVEF < 40%) as indicated. (B) Distribution of elevated NT-
proBNP (> rule out criterion, 300 ng/l) in patients with pre-
served and reduced LVEF (LVEF >/<50%). (C) Distribution of
elevated hs-cTnT (> 99 percentile, 14 ng/l) in patients with
preserved and reduced LVEF. (D) Distribution of elevated
hs-cTnT with a cutoff of 7 ng/l in patients with preserved
and reduced LVEF.

Figure S2. (A) Univariate logistic regression analysis of ele-
vated hs-cTnT (> 7 ng/l). Odds Ratio (OR), confidential inter-
val and p-value as indicated. (B) Multivariate logistic
regression analysis for all-cause mortality including the signif-
icant factors (Gender, Breast cancer, Upper Gl Tumour, hs-
cTnT > 7 ng/l) from the univariate analysis. Odds Ratio (OR),
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