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Abstract

Background: The outcome of breast cancer (BrCa) women monitored by low-dose
equilibrium radionuclide angiography (ERNA) remains challenging to predict. This study
aims to determine whether heart rate (HR) to blood pressure (BP) ratio-based indexes,
previously confirmed to predict outcomes of various diseases, also predict BrCa therapy-

related cardiotoxicity and survival.

Methods: Predictors of cardiotoxicity and survival were determined among pre-therapy
variables, including shock index (SI=HR/systolic BP) and age-adjusted SI (ASI), in a female

BrCa cohort with normal baseline ERNA-left ventricular ejection fraction (LVEF).

Results: We included 274 women with a median age of 54.8 (interquartile range: 45.5-65.4)
years, 271 treated with anthracyclines, and 96 with trastuzumab. During a median follow-up
of 25.9 (18.6-33.5) months, 31 women developed cardiotoxicity (LVEF < 50% and > 10%

drop from baseline), and 25 died.

Baseline ASI was a multivariate predictor (p<0.001) of (i) cardiotoxicity, in association with
trastuzumab treatment (p=0.010), and LV end-diastolic volume (p=0.001) and (ii) survival, in
association with metastasis (p<0.001) and estimated glomerular filtration rate (p=0.008).
Cardiotoxicity poorly impacted survival (p=0.064). The 36-month cardiotoxicity and
mortality rates were markedly higher for patients in the upper half of baseline ASI values
(ASI > 30 years.min.mmHg™, 16.5% and 20.7%, respectively) than in the lower half (7.6%

and 4.5%, respectively, both p < 0.05).

Conclusions: In BrCa women with normal baseline ERNA-LVEF, HR/BP ratio-based
indexes unmask hemodynamic profiles associated with increased cardiotoxicity risk and
decreased survival, highlighting the need for a comprehensive assessment of cardiac- and

vascular-related risks in BrCa women monitored by ERNA.



Keywords: equilibrium radionuclide angiography; breast cancer; cardiotoxicity; hemodynamics;

shock index.

Condensed abstract.

In a cohort of 274 women breast cancer women who were monitored by equilibrium
radionuclide angiography for potentially cardiotoxic drugs (anthracyclines or trastuzumab)
and who had no history of cardiac disease and a normal left ventricular ejection fraction
before treatment, baseline indexes based on heart-rate/blood pressure ratios unmask
hemodynamic profiles strongly associated with an increased risk of cardiotoxicity and
subsequently decreased survival. Although further validations in other cohorts are needed,
these findings highlight the need for a more comprehensive assessment of the cardiac- and
vascular-related risk in breast cancer women monitored by equilibrium radionuclide

angiography.



Abbreviations

ASI: age-adjusted shock index

BP: blood pressure

BrCa: breast cancer

eGFR: estimated glomerular filtration rate

ERNA: equilibrium radionuclide angiography

HR: heart rate

LVEF: left ventricular ejection fraction

MSI: modified shock index

SI: shock index

SIC: shock index-C



Introduction

Breast cancer (BrCa) survival rates have significantly improved over the past few decades.
However, this progress has been accompanied by an increase in cardiovascular risk and
cardiotoxicity specifically associated with anthracycline and trastuzumab treatments.
Predicting cardiotoxicity and its subsequent impact on prognosis remains difficult in BrCa
women treated with anthracycline, trastuzumab, or both, especially in those exhibiting normal

cardiac function before treatment.*

Cardiotoxicity is commonly defined as a decrease in the left ventricular ejection fraction
(LVEF) of at least 10% during therapy to a value below the 50-53% range, depending on the
cardiac imaging method used, echocardiography or equilibrium radionuclide angiography
(ERNA)." Unfortunately, decreases in LVEF and intrinsic LV contractility may be masked
by several factors, such as sympathetic system activation®" and variations in cardiac load and

blood pressure (BP).”®

High heart rate (HR)-to-BP ratios, reflecting poor hemodynamic conditions and considered

alone or combined with age or creatinine clearance, are strong predictors of outcome in

10,11 12-15

patients with advanced cancer,'®** severe cardiac,>*, or infectious diseases.'® This
prediction seems independent of that provided by LVEF in cardiac disease patients.***® The
question arises whether these HR/BP-based indexes may unmask a cardiocirculatory
vulnerability that leads to an increase in cardiotoxicity risk and a worse prognosis in BrCa

women with a normal pre-therapy LVEF at ERNA.

This study aims to determine whether therapy-related cardiotoxicity and subsequent survival can
be predicted by HR/BP-based indexes in BrCa women monitored with low-dose ERNA and who

had no history of cardiac disease and a normal ERNA-LVEF before treatment.



Methods

Study design

This retrospective study included consecutive BrCa women who were scheduled to receive
anthracyclines, trastuzumab, or both, had no history of significant cardiovascular disease, and
were part of a low-dose ERNA-based LVEF monitoring program.® The pre-therapy ERNA
was recorded between January 2019 and June 2021, with at least one follow-up ERNA

recorded before February 2023.

The cancer treatments, administered in a French regional oncology center (Institut de
Cancérologie de Lorraine), typically included anthracycline followed by one year of
trastuzumab for cancers overexpressing the erb-b2 receptor tyrosine kinase 2 (formerly

HER?2) receptor.

Based on estimated risk,* the time interval between serial LVEF measurements during the
treatment period was usually three months. A subsequent 5-year medical consultation follow-

up was conducted.

All patients were informed that their medical data may be used for research purposes, and the

local Ethics Committee approved the study.
ERNA recording and analysis

As previously described in detail in the Journal of Nuclear Cardiology,” LVEFs were obtained
from low-dose ERNAs recorded with a high-sensitivity semiconductor camera (D-SPECT
camera, Spectrum Dynamics, Haifa, Israel). Briefly, red blood cells were labeled in vivo by
the intravenous injection of 250 to 650 MBq of [*™Tc]NaTcO, as a proportion of body

weight (Figure 1) 20-30 minutes after injecting approximately 6 mg of stannous



pyrophosphate. These low radiotracer doses were previously shown to be associated with a

mean effective dose of only 2.3 mSv per ERNA investigation.*

Five to 15 minutes after the injection, patients were set in a semi-reclining prone position with
ECG leads placed on their backs (Figure 1). Projections were recorded during a 10-minute
period with a 'region-centric' acquisition, maximizing the counts arising from a heart area

previously defined on a short pre-scan.**’

Tomographic images were reconstructed using the following parameters: 16-interval frames,
4 iterations, 32 subsets, Kernel and Gaussian filters of respectively 0.125 and 5 mm, and a

128 x 128 matrix, resulting in a voxel size of 4.92 x 4.92 x 4.92 mm?3.**’

The LVEF was computed using the count-based method of the Quantitative Blood Pool
software (Cedars-Sinai Medical Center) and with manual displacements of LV limits if
obvious errors in the automatic contouring process were apparent.**’ The final LVEF values
were obtained in percentages after correcting for the relative underestimation of end-systolic
volume according to a calibration procedure based on count/volume correlations.**’ The LV
end-diastolic volume (EDV) was considered to be that provided by the contour-detection
method of the QBS software. The end-systolic volume (ESV) was computed as EDV x (1 -

LVEF /100). These LV volumes were indexed to the patient's body surface area.

Effective doses were calculated by applying a ratio of 7.09 10—3 mSv/MBq of injected Tc-
99m,™® according to the activity measured in the syringe before injection, with a dedicated

dose calibrator.
Cardiotoxicity was defined as a > 10% drop from baseline LVEF to an LVEF value < 50%."*

Cine-loops of the ERNA images from the graphical abstract are available in a supplemental

movie file.



Hemodynamic parameters

Systolic, diastolic and mean brachial BP, and HR were measured before each ERNA
recording with an automatic sphygmomanometer. These measurements were used to compute
the shock index (SI = HR / systolic BP),'**® modified shock index (MSI = HR / mean BP),**
age-adjusted SI (ASI = Age x SI),* and shock index-C (SIC = Sl x 100 - clearance rate).**

The clearance rate was estimated as: (140 — age) / serum creatinine x 0.85.**
Statistical analysis

Quantitative variables were expressed as medians with interquartile ranges (IQR), and
qualitative variables as percentages. Time-to-event outcomes were compared using the log-
rank test and Cox proportional hazards models with hazard ratios reported with their 95%
confidence intervals [CI]. Cox proportionality assumptions were checked. Log linearity was
assessed using a Restricted Cubic Splines analysis with two continuous variables
dichotomized according to the shape of the spline curve (LVEF and diastolic BP). Only
variables associated with a P value < 0.10 in the univariate Cox analysis were considered in
the multivariate Cox analysis, and P thresholds of 0.05 and 0.10 were used to respectively
enter or remove variables in the stepwise ascending Cox multivariate analysis. Several
qualitative variables, which occurred too infrequently to allow accurate evaluation (< 15% of
patients), were regrouped in the Cox analysis (cardiovascular risk factors, potentially
cardioprotective treatments). Event rates were also estimated and compared using the Kaplan-Meier

method and log-rank tests.



Results

Among the 310 BrCa women initially included, 36 were subsequently excluded because of an

abnormal pre-therapy LVEF or a missing pre-therapy or follow-up ERNA.

As detailed in Table 1, at the time of the pre-therapy ERNA, the median age was 54.8 (IQR:
45.5-65.4) years; 29 (11%) women had metastases, 45 (16%) had cardiovascular risk factors,
such as hypertension (n=20), diabetes (=16) and dyslipidemia (n=26); 47 (17%) patients were
treated with beta-blockers (n=23) or angiotensin-converting enzyme inhibitors (n=30); and

HR/BP ratios could be determined in 261 (95%) women.

A total of 271 (99%) women received anthracyclines and 96 (35%) trastuzumab. During a
median follow-up of 25.9 (18.6-33.5) months from the baseline ERNA, 31 (11%) women
were diagnosed with cardiotoxicity at a median interval of 5.0 (3.0-6.8) months from baseline,
and 25 (9%) died at a three times more extended time interval from baseline, namely: 15.2

(7.2-25.6) months. None of these deaths were considered to have a direct cardiac cause.

As detailed in Table 2, the main univariate baseline Cox predictors of cardiotoxicity were the
four HR/BP-based variables (p < 0.002) and trastuzumab treatment (p = 0.005), which
outperformed the prediction provided by all other baseline variables. The multivariate
baseline predictors of cardiotoxicity were: ASI (hazard ratio per 10 bpm/mmHg.year
increments [95% Cl]: 2.23 [1.56-3.20], p<0.001), trastuzumab treatment (2.38 [1.16-4.88],
p=0.010) and LV end-diastolic volume (per 10 mL/m? increments): 1.32 [1.11-1.56],

p=0.001).

Cardiotoxicity was slightly predictive of death (2.33 [0.93-5.83], p=0.064). The multivariate
baseline predictors of death were ASI (2.54 [1.68-3.83], p<0.001), metastasis (10.9 [4.8-24.9],

p<0.001), and estimated glomerular filtration rate (1.29 [1.07-1.55], p=0.008) (Table 2).
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The median ASI of 29.94 was rounded up to 30 years.min.mmHg™, to distinguish an upper
half of 129 patients with ASI > 30 years.min™.mmHg™ and a lower half of 132 patients. At 36
months, both cardiotoxicity and mortality rates were markedly higher in patients in the upper
half of ASI values (16.5% [10.0%-23.0%] and 20.7% [10.9%-30.6%], respectively) than in
the lower half (7.6% [3.1%-12.1%] and 4.5% [0.0%-9.0%], respectively, both p < 0.05) (see

Figure 2 and graphical abstract).

Discussion

Our study demonstrates that HR/BP-based indexes are potent predictors of cardiotoxicity and
increased mortality in BrCa women monitored with low-dose ERNA and who had no history
of cardiac disease and a normal ERNA-LVEF before treatment. The predictive value of
HR/BP is enhanced when adjusted for age (ASI) and when considering other known risk

factors such as (i) metastatic stage and kidney function for survival,*®

and (ii) trastuzumab
treatment for cardiotoxicity,? with cardiotoxicity being additionally influenced by the
baseline LV end-diastolic volume measured with the 3D ERNA technique. Interestingly, our
findings also indicate that overall survival was only marginally impacted by prior
cardiotoxicity. Since all deaths within the cohort were due to non-cardiac events, this

marginal impact could be due to indirect factors such as the fact that more severe cancers are

likely to require more extensive cardiotoxic treatments.

The correlation between HR/BP-based indexes and survival has been previously reported in

advanced cancer patients,'***

presumably because it reflects more generalized adverse effects
on circulatory system function (e.g., autonomic dysfunction, inflammation, chemotherapy,

hypovolemia, cachexia...).! The respective roles of cancer severity, frailty, and exercise
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deconditioning could lead to different therapeutic measures, but their evaluation would

require further dedicated studies.

Nevertheless, the association between HR/BP-based indexes and the risk of cardiotoxicity is a

novel observation brought forward in our study.

Although all included women had a normal (> 50%) baseline ERNA-LVEF, a deterioration in
the cardiovascular system was presumably unmasked in some of them by high ASI values,
determined with the formula HR / SBP x age, and to a smaller extent by high end-diastolic
volumes. More precisely, this deterioration might involve (i) sympathetic overstimulation of
contractility,” with this overstimulation suggested by the particularly high resting HR
achieved in women with elevated ASI (88 bpm in the upper quartile, on average), (ii) a low
LV afterload, considering that a lower BP would have helped maintain the LVEF of diseased
hearts within the normal range, similarly to what is observed in sepsis patients,® and (iii) an
increase in end-diastolic volume, with this increase being also known to enhance the LVEF

and stroke volume of diseased hearts (Frank-Starling mechanism).’

Age, the third variable included in the ASI formula, is an additional cardiotoxicity risk factor

consistent with further age-related cardiovascular deterioration.

Finally, it is important to remember that a > 50% LVEF is not synonymous with normal
contractility. LVEF and LV stroke volumes also depend on preload conditions (end-diastolic
volume), post-load conditions (blood pressure, systemic vascular resistance),”, and the

degree of contractile stimulation by neuroendocrine factors (sympathetic activation).>”’

Limitations. While our study provides valuable insights, it is important to note that our
findings need to be validated in independent, larger, multicentric cohorts. Furthermore, the
tangible clinical benefits of monitoring HR/BP in association with ERNA parameters need to

be evaluated in specifically designed prospective studies.
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A greater than two-fold increase in the risks of cardiotoxicity and death was observed in
approximately half of the cohort with baseline ASI values higher than 30 years.min.mmHg™.
These risks appear even more precisely defined when considering ASI as a continuous
variable. However, further efforts are needed to better define ASI thresholds and high-risk
groups. Future studies analyzing the changes in hemodynamic parameters during treatment

could be informative in this setting.

Conclusion. In BrCa women monitored with low-dose ERNA and who had no history of
cardiac disease and a normal ERNA-LVEF before treatment, indexes based on pre-therapy
HR/BP ratios unmask hemodynamic profiles strongly associated with an increased risk of
cardiotoxicity and subsequently decreased survival. Although further validations in other
cohorts are needed, these findings underpin the need for a more comprehensive assessment of
cardiac- and vascular-related risks in the BrCa women monitored with ERNA. This would

allow to better adapt monitoring and treatments to the individual patient.

New Knowledge Gain: In breast cancer women monitored with ERNA for potentially
cardiotoxic treatments, heart rate/blood pressure ratio-based indexes unmask hemodynamic

profiles associated with subsequent increased cardiotoxicity risk and decreased survival.

Clinical implications: Special attention could be paid to the baseline heart rate-to-blood
pressure ratios of breast cancer women monitored by low-dose equilibrium radionuclide

angiography for potentially cardiotoxic treatments.



13

Acknowledgments. The authors thank Dr Petra Neufing for critically reviewing the

manuscript.

Sources of Funding. None

Disclosures. There was no potential conflict of interest to declare for all authors (CE
Decorads, A Lambert, V Roch, L Imbert, M Perrin, M Claudin, M Doyen, Q Citerne, Z

Lamiral, D Peiffert, C Henneton, and PY Marie).

Independent data access and analysis. All authors had full access to all the data in the

study. Pierre-Yves Marie, the corresponding author, takes responsibility for the integrity of

the study and the data analysis.



14

References

1 - Nicolazzi MA, Carnicelli A, Fuorlo M, Scaldaferri A, Masetti R, Landolfi R, et al.
Anthracycline and trastuzumab-induced cardiotoxicity in breast cancer. Eur Rev Med

Pharmacol Sci 2018;22(7):2175-85.

2 - Kabore EG, Macdonald C, Kaboré A, Didier R, Arveux P, Meda N, et al. Risk Prediction
Models for Cardiotoxicity of Chemotherapy Among Patients With Breast Cancer: A

Systematic Review. JAMA Netw Open 2023;6(2):e230569.

3 - Decorads CE, Lambert A, Roch V, Imbert L, Perrin M, Claudin M, et al. Routine first-line
detection of breast cancer therapy-related cardiotoxicity by serial, fast and ultra-low-dose

equilibrium radionuclide angiography. J Nucl Cardiol 2023;30(3):1202-9.

4 - Celutkien¢ J, Pudil R, Lopez-Fernandez T, Grapsa J, Nihoyannopoulos P, Bergler-Klein J,
et al. Role of cardiovascular imaging in cancer patients receiving cardiotoxic therapies: a
position statement on behalf of the Heart Failure Association (HFA), the European
Association of Cardiovascular Imaging (EACVI) and the Cardio-Oncology Council of the

European Society of Cardiology (ESC). Eur J Heart Fail 2020;22(9):1504-24.

5 - Borovac JA, D'Amario D, Bozic J, Glavas D. Sympathetic nervous system activation and
heart failure: Current state of evidence and the pathophysiology in the light of novel
biomarkers. World J Cardiol 2020;12(8):373-408.

6 - Repessé X, Charron C, Vieillard-Baron A. Evaluation of left ventricular systolic function

revisited in septic shock. Crit Care 2013;17(4):164.

7 - Li JK, Atlas G. Left Ventricle-Arterial System Interaction in Heart Failure. Clin Med

Insights Cardiol. 2015;9(Suppl 1):93-9.

8 - Mandry D, Girerd N, Lamiral Z, Huttin O, Filippetti L, Micard E, et al. Relationship

Between Left Ventricular Ejection Fraction Variation and Systemic Vascular Resistance: A



15

Prospective Cardiovascular Magnetic Resonance Study. Front Cardiovasc Med.

2021;8:803567.

9 - Mandry D, Girerd N, Lamiral Z, Huttin O, Filippetti L, Micard E, et al. Relationship
Between Left Ventricular Ejection Fraction Variation and Systemic Vascular Resistance: A
Prospective Cardiovascular Magnetic Resonance Study. Front Cardiovasc Med

2021,8:803567.

10 — Cheng TH, Sie YD, Hsu KH, Goh ZNL, Chien CY, Chen HY, et al. Shock Index: A
Simple and Effective Clinical Adjunct in Predicting 60-Day Mortality in Advanced Cancer

Patients at the Emergency Department. Int J Environ Res Public Health 2020;17(13):4904.

11 — Goh ZNL, Chen MW, Cheng HT, Hsu KH, Seak CK, Seak JC, et al. Shock index is a
validated prediction tool for the short-term survival of advanced cancer patients presenting to

the emergency department. J Pers Med 2022;12(6):954.

12 — Morrow DA, Antman EM, Giugliano RP, Cairns R, Charlesworth A, Murphy SA, et al.
A simple risk index for rapid initial triage of patients with ST-elevation myocardial infarction:

an InTIME 11 substudy. Lancet 2001;358(9293):1571-5.

13 - Castillo Costa Y, Caceres L, Mauro V, Fairman E, Fernadndez A, Soricetti J, et al. Shock
Index, Modified Shock Index, and Age-adjusted Shock Index as Predictors of In-hospital
Death in Acute Heart Failure. Sub Analysis of the ARGEN IC. Curr Probl Cardiol

2022;47(10):101309.

14 - Ran P, Wei XB, Lin YW, Li G, Huang JL, He XY, et al. Shock Index-C: An Updated
and Simple Risk-Stratifying Tool in ST-Segment Elevation Myocardial Infarction. Front

Cardiovasc Med 2021;8:657817.

15-YuT, Tian C, Song J, He D, Sun Z, Sun Z. Derivation and Validation of Shock Index as
a parameter for Predicting Long-term Prognosis in Patients with Acute Coronary Syndrome.

Sci Rep 2017;7(1):11929.



16

16 - Middleton DJ, Smith TO, Bedford R, Neilly M, Myint PK. Shock Index Predicts
Outcome in Patients with Suspected Sepsis or Community-Acquired Pneumonia: A

Systematic Review. J Clin Med 2019;8(8):1144.

17 - Tissot H, Roch V, Morel O, Veran N, Perrin M, Claudin M, et al. Left ventricular
ejection fraction determined with the simulation of a very low-dose CZT-SPECT protocol and
an additional count-calibration on planar radionuclide angiographic data. J Nucl Cardiol.
2019;26:1539-49.

18 - Cousins C, Miller DL, Bernardi G, Rehani MM, Schofield P, Vafi0 E, et al. ICRP
Publication 120: Radiological Protection in Cardiology. Ann ICRP. 2013;42:1-125.

19 - Evans A, Petty R, Macaskill J. Why is renal impairment associated with poorer cancer-

specific survival in breast cancer patients?: a comparison with patients with other

comorbidities. Int J Clin Oncol 2020;25(10):1786-92.



Figures legends

Figure 1: Prescribed [*™Tc]-Tc(O4") doses as a proportion of body weight (left panel) and a

representative image of patient position during the SPECT recording (right panel).

Bod weight | Prescribed
doses

< 60kg 250 MBgq

61t070kg | 300 MBq

71t080kg | 350 MBgq

81t090kg | 400 MBq

91t0 100 kg | 460 MBq

101 to 110 kg | 520 MBq

111 to 120 kg | 590 MBq

121 to 250 kg | 650 MBq
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Figure 2: Kaplan—Meier curves for cardiotoxicity (left panel) and all-cause mortality (right panel) rates over the 36-month follow-up period in BrCa

women with ASI baseline values > 30 years.min*.mmHg™, compared to women with baseline ASI values < 30 years.min™.mmHg™. The actual

number of event-free patients at each of the 6-month follow-up intervals is given below the x-axis.

Cardiotoxicity rate (%)

20 Log-rank test: P=0.026
ASI > 30 years.min". mmHg""
154
10
ASI < 30 years.min"'.mmHg’
5 —
0 -
0 6 12 18 24 30 36
Follow-up (months)
ASI > 30 years.min"".mmHg' 129 113 104 80 62 40 17
ASI < 30 years.min"'.mmHg' 132 125 121 98 68 41 21

All-cause mortality rate (%)

ASI > 30 years.min"".mmHg""
20+ Log-rank test: P=0.003
154
104
. ASI = 30 years.min"".mmHg""
0 -
g 6 12 18 24 30 36
Follow-up (months)
129 126 121 96 73 46 20

132 131 129 107 76 46 24



Age (years)
Body mass index (kg/m?)

2 1 cardiovascular risk factor

- diabetes

- dyslipidemia

- hypertension
Beta-blockers
ACEI
eGFR (ml/min/1.73 m?)
Oncology
ERBB2 positivity
Hormone receptor positivity
TNBC
Metastasis
Prior breast surgery
Prior radiotherapy
Trastuzumab
Anthracycline
ERNA
LVEF (%)
Indexed EDV (mL/m?)
Indexed ESV (mL/m?)
Hemodynamics
Heart rate (min™)
Systolic BP (mmHg)
Diastolic BP (mmHg)
Mean BP (mmHg)
SI (min*.mmHg™)

MSI (min*.mmHg™)

Table 1: Baseline data collected at the time of the baseline pre-therapy ERNA.

54.8 (45.5-65.4)
25.4 (22.3-29.3)
45 (16%)

16 (6%)

26 (10%)

20 (7%)

23 (8.4%)
30 (11%)
88.4 (77.6-99.4)

92 (33%)
173 (63%)
67 (24%)
29 (11%)
241 (87%)
49 (18%)
96 (35%)
272 (99%)

65.0 (59.0-71.0)
65 (54-77)
23 (16-29)

78.0 (71.8-86.0)
139.0 (124.5-155.0)
76.0 (70.0-80.0)
96.7 (88.0-105.2)
0.577 (0.489-0.653)
0.816 (0.729-0.915)

19
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SIC (min.mmHg*—ml/min) -28.6 (-36.4; -19.2)
ASI (years.min™.mmHg™) 29.94 (24.63-36.35)

ACEIl = angiotensin-converting enzyme inhibitor; ASI = age-adjusted shock index; EDV =
end-diastolic volume; ESV = end-systolic volume; eGFR = estimated glomerular filtration rate
by 2009 Chronic Kidney Disease Epidemiological Collaboration (CKD-EPI); ERBB2 = erb-b2
receptor tyrosine kinase 2 (formerly HER2); BP = blood pressure; MSI = modified shock
index; LVEF = left ventricular ejection fraction, SI = shock index; SIC = shock index-C; TNBC

= triple-negative breast cancer.



Table 2: Hazard ratios (HRs) with 95% confidence intervals [95% CI] and P values for the Cox univariate and multivariate baseline prediction of cardiotoxicity and death.

21

Cardiotoxicity Death
Univariate Multivariate Univariate Multivariate

n HR [95% CI] Pvalue | n HR [95% CI] Pvalue| n HR [95% ClI] Pvalue| n HR [95% CI] | P value
Age (per 10-year inc.) 274/1.18 [0.91-1.55] 0.22 274 |1.25[0.93-1.70] 0.14
Body mass index (per 10 kg/m2 inc.) 27410.73 [0.39-1.35] 0.31 27411.90 [1.03-3.51] 0.04
2 1 cardiovascular risk factor 274 11.48 [0.64-3.42] 0.36 27411.35[0.51-3.61] 0.55
Beta-blockers or ACEls 274 11.69[0.76-3.77] 0.20 274|2.25[0.97-5.21] | 0.059
eGFR (per 10 ml/min/1.73 m?inc.) 272/1.08 [0.88-1.33] 0.46 272|1.28 [1.03-1.60] | 0.029 |259|1.29[1.07-1.55] | 0.008
ERBB?2 positivity 27412.58 [1.28-5.19] | 0.008 27410.34[0.12-0.99] | 0.049
Hormone receptor positivity 27410.85[0.42-1.71] 0.64 274 10.64 [0.29-1.39] 0.26
TNBC 274/0.71[0.29-1.71] | 0.44 2741.54 [0.66-3.56] | 0.32
Metastasis 27410.63 [0.15-2.63] 0.53 274|15.2 [6.8-33.9] <.0001 |259|10.9 [4.8-24.9] <.0001
Prior breast surgery 274 14.14 [0.57-30.4] 0.16 27410.14 [0.06-0.31] | <.0001
Prior radiotherapy 274 11.09 [0.45-2.64] 0.86 27411.01 [0.38-2.70] 0.99
Trastuzumab 274 |2.77 [1.37-5.62] | 0.005 |261|2.56[1.25-5.27] |0.010 |274|0.54[0.22-1.36] 0.19
LVEF (%) 274 27410.99 [0.94-1.05] 0.81

> 65% 27410.53 [0.26-1.10] 0.09 274
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Indexed EDV (per 10 mL/m? inc.) 273/1.14[0.99-1.31] | 0.079 |261[1.32[1.11-1.56] [0.001 |273|0.96[0.93-0.98] | 0.0006
Indexed ESV (per 10 mL/m?inc.) 273[1.25[0.94-1.66] | 0.124 273(0.94[0.90-0.99] | 0.029
Heart rate (per 10 bpm inc.) 27411.37[1.07- 1.76] | 0.014 274 11.64 [1.33-2.04] |<0.0001
Systolic BP (per 10 mmHg inc.) 261|0.83[0.69- 1.00] | 0.045 261|0.97 [0.80-1.17] 0.76
Diastolic BP (mmHg) 1.00 [0.97- 1.04] 0.78
> 80 mmHg 261|0.34[0.10-1.12] | 0.077 261

Mean BP (mmHg) 2610.97 [0.94-1.00] | 0.039 261 1.00 [0.97-1.03] | 0.99
SI (per 0.1 min".mmHg™* inc.) 261|1.44[1.18-1.74] | 0.0003 261(1.49[1.22- 1.81] | <.0001
MSI (per 0.1 min'l.mmHg'l inc.) 261|1.38[1.16-1.63] | 0.0002 261|1.38[1.17- 1.64] | 0.0002
SIC (per 10 min'l.mmHg'l—mI/min inc.) [261|1.41[1.17-1.71] | 0.0004 261|1.41[1.16- 1.73] | 0.0007
ASI (per 10 year.min.mmHgtinc.) 261 |2.22 [1.55-3.17] | <.0001 |261|2.60[1.81-3.71] | <.0001 |261 |2.34[1.57-3.49] | <.0001 |259|2.54[1.68-3.83] | <.0001

Inc.: increment. The other abbreviations are defined in Table 1.



