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Abstract

Purpose: We assessed the association of cardiac radiation dose with cardiac events and survival
post-chemoradiation therapy (CRT) in patients with locally advanced non-small cell lung cancer
(LA-NSCLC) after adoption of modern radiation therapy (RT) techniques, stricter cardiac dose
constraints, and immune checkpoint inhibitor (ICI) consolidation.

Methods and Materials: This single-institution, multi-site retrospective study included 335
patients with LA-NSCLC treated with definitive, concurrent CRT between October 2017 and
December 2021. All patients were evaluated for ICI consolidation. Planning dose constraints
included heart mean dose < 20 Gy (<10 Gy if feasible) and heart volume receiving = 50

Gy (V50Gy) < 25 %. Twenty-one dosimetric parameters for three different cardiac structures
(heart, left anterior descending coronary artery [LAD], and left ventricle) were extracted. Primary
endpoint was any major adverse cardiac event (MACE) post-CRT, defined as acute coronary
syndrome, heart failure, coronary revascularization, or cardiac-related death. Secondary endpoints
were: grade = 3 cardiac events (per CTCAE v5.0), overall survival (OS), lung cancer-specific
mortality (LCSM), and other-cause mortality (OCM).

Results: Median age was 68 years, 139 (41 %) had baseline coronary heart disease, and 225 (67
%) received ICI consolidation. Proton therapy was used in 117 (35 %) and intensity-modulated RT
in 199 (59 %). Median LAD V15Gy was 1.4 % (IQR 0-22) and median heart mean dose was 8.7
Gy (IQR 4.6-14.4). Median follow-up was 3.3 years. Two-year cumulative incidence of MACE
was 9.5 % for all patients and 14.3 % for those with baseline coronary heart disease. Two-year
cumulative incidence of grade = 3 cardiac events was 20.4 %. No cardiac dosimetric parameter
was associated with an increased risk of MACE or grade = 3 cardiac events. On multivariable
analysis, cardiac dose (LAD V15Gy and heart mean dose) was associated with worse OS, driven
by an association with LCSM but not OCM.

Conclusions: With modern RT techniques, stricter cardiac dose constraints, and ICI
consolidation, cardiac dose was associated with LCSM but not OCM or cardiac events in patients
with LA-NSCLC.

Keywords
NSCLC; Cardiotoxicity; Cardiac dosimetry; Immunotherapy

Introduction

Patients with lung cancer often have pre-existing cardiovascular comorbidity and receive
potentially cardiotoxic therapies, including radiation therapy (RT). In RTOG 0617, higher
cardiac radiation dose was associated with worse overall survival (OS) in patients with
unresectable, locally advanced non-small cell lung cancer (LA-NSCLC) treated with
concurrent chemoradiation therapy (cCRT) [1]. One hypothesis is that higher cardiac dose
was associated with cardiac events, and these cardiac events led to worse OS. Subsequent
studies found that 15-32 % of patients experienced a grade = 3 cardiac event after
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CRT [2,3], a higher percentage than previously appreciated. Moreover, studies observed

an association between higher cardiac dose and cardiac events [2-5], with left anterior
descending coronary artery (LAD) volume receiving = 15 Gy (V15Gy) > 10 % emerging as
an important predictor of major adverse cardiac events (MACE) [6].

However, these studies describing cardiotoxicity predated the widespread adoption of
intensity-modulated radiation therapy (IMRT) and proton therapy, data-driven cardiac

dose constraints, and immunotherapy consolidation. Most patients in these prior studies
(ranging from 78 % to 100 %) were treated with 3-dimensional conformal radiotherapy (3D-
CRT) which delivers higher cardiac radiation dose [2-5]. Post-RT cardiac event rates and
dosimetric predictors of cardiotoxicity, including LAD V15Gy > 10 % and heart mean dose
> 10 Gy [3,6], may not extrapolate well to a modern cohort. Advanced RT techniques and
stricter cardiac constraints may decrease the risk of RT-associated cardiac events by reducing
cardiac dose below critical thresholds [7]. Conversely, immune checkpoint inhibitor (1CI)
consolidation may increase the risk of cardiac events either by decreasing the competing
risk of lung cancer-specific mortality or through additive, potentially immune-mediated
cardiotoxicity [8-11].

In this study, we assessed the association of cardiac dose with post-CRT MACE and OS
among a modern cohort of patients treated with cCRT after routine adoption of IMRT and
proton therapy, data-driven cardiac constraints (heart mean dose < 20 Gy [optimization
target < 10 Gy] and heart V50Gy < 25 %), and ICI consolidation.

This single-institution, multi-site retrospective study included consecutive patients with
unresectable LA-NSCLC treated with definitive cCRT from October 2017 to December
2021. We excluded patients receiving thoracic reirradiation or < 50 Gy. All patients during
this period were evaluated for ICI consolidation following RT completion; patients did

not receive consolidation therapy most commonly due to progressive disease, comorbidity/
intercurrent illness, and/or unresolved cCRT toxicity [12].

RT was delivered with IMRT, proton therapy (either pencil beam scanning or passive
scatter), or uncommonly 3D-CRT to a prescription dose of 60-70 Gy (per National
Comprehensive Cancer Network guidelines) in 1.8-2 Gy per fraction. Four-dimensional

CT (4D-CT) simulation and target volume delineation with positron emission tomography
and intravenous contrast were standard. Image guidance consisted of either daily cone beam
CT (for photon therapy) or daily 2D kilovoltage imaging with weekly cone beam CT (for
proton therapy). Concurrent chemotherapy consisted of a platinum doublet as per physician
preference.

In late 2017, our institution began planning LA-NSCLC cases with more careful attention
to cardiac dose based on emerging data suggesting its importance [1,2,4,13]. Two cardiac
dose constraints were introduced as institutional standards: heart mean dose < 20 Gy
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(optimization target heart mean dose < 10 Gy without sacrificing tumor coverage or
exceeding lung constraints) and heart V50Gy < 25 %. Other dose constraints included lung
mean dose < 20 Gy (optimization target < 18 Gy), lung V20Gy < 35 % (optimization target
< 25 %), esophagus mean dose < 34 Gy, and esophagus V60Gy < 17 %. For lung dosimetry,
lung minus internal gross tumor volume (iGTV) was used.

During this period, there was increased physician awareness and patient counseling of
the potential for post-cCRT cardiac events. Patients were considered for cardio-oncology
referral for pre-RT cardiovascular risk assessment and co-management if the heart mean
dose constraint was exceeded or if they had significant baseline cardiovascular disease.

Study endpoints

The primary endpoint was post-cCCRT MACE, defined as acute coronary syndrome, heart
failure hospitalization or urgent visit, coronary revascularization, or cardiac-related death,
consistent with the definition used by Atkins et a/. [3]. Secondary endpoints were grade =

3 cardiac events (graded per CTCAE v5.0), overall survival (OS), freedom from lung cancer-
specific mortality (LCSM; defined as death from active or progressive lung cancer), and
freedom from other-cause mortality (OCM; including death from NSCLC treatment-related
toxicity). All endpoints were measured from the end of RT to the event of interest.

Cardiovascular assessment

We undertook a two-fold approach to assess baseline cardiovascular comorbidity and
post-cCRT cardiac events. First, we performed an electronic-health-record (EHR)-based
automated screen of a variety of cardiovascular diagnosis codes to assess conditions present
prior to the start of RT (baseline conditions) and those present only after the end of RT
(post-cCRT events) (Supplementary Table 1). Second, we performed manual chart review
to verify results of the EHR screen and finalize assessment of baseline conditions and
post-cCRT cardiac events. Baseline coronary heart disease (CHD) was defined as per Atkins
et al. and included any of the following: heart failure, coronary artery disease, peripheral
arterial disease, and cerebrovascular accident; arrhythmic events were excluded from this
definition but included in the definition of baseline cardiovascular disease [3]. Framingham
10-year cardiovascular disease risk scores were calculated for those without baseline CHD;
patients were grouped based on low (<10 %), moderate (10-20 %), and high (>20 %)
Framingham risk [14].

Cardiac dosimetric parameters

RT plans were exported from the Varian Eclipse treatment planning system (Varian, Palo
Alto, CA) to MIM (version 7.1.4, MIM Software, Cleveland, OH). The heart, left ventricle
(LV), and LAD were autosegmented using previously validated deep learning models [15-
17]. Structures were then manually reviewed and corrected based on a validated cardiac
contouring atlas (Feng et al) [18]. Twenty-one dosimetric parameters (mean dose [Gy],
minimum dose to the hottest X% volume [Dx%(Gy); x from 5 to 95 in 5 % intervals], and
maximum dose [D0.03 cc(Gy)]) for each structure were extracted, as well as LAD V15Gy
(%) [6,13]. Dx parameters were primarily used instead of Vx parameters based on preferred
statistical properties [19].
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Statistical analysis

The cumulative incidence method was used to model MACE and grade = 3 cardiac events;
non-cardiac death was considered a competing event. Gray’s test was used to compare the
cumulative incidence of MACE and grade > 3 cardiac events stratified by baseline CHD,
LAD V15Gy = 10 % (for MACE), and heart mean dose = 10 Gy (for grade = 3 cardiac
events) [6]. Fine-Gray regression was used to assess associations of cardiac dosimetric
parameters with either MACE or grade > 3 cardiac events. We primarily sought to test
whether LAD V15Gy or heart mean dose was associated with MACE; however, we tested
numerous other dosimetric associations in exploratory analyses described below.

Dosimetric associations were assessed among all patients and separately when stratified by
baseline CHD (yes vs. no), RT modality (proton vs. proton therapy), and consolidation ICI
receipt (yes vs. no) (7 total groups). For MACE, a total of 448 dosimetric associations were
tested (21 dosimetric parameters per structure, 3 structures [whole heart, LV, and LAD], 7
groups [21 * 3 * 7 = 441, plus 7 for LAD V15Gy; total 448]). For grade = 3 cardiac events,
147 dosimetric associations were tested (21 dosimetric parameters for whole heart, 7 groups
[21 * 7 = 147]). Only whole heart metrics, and not LV or LAD metrics, were tested for
grade > 3 cardiac events because of the heterogenous event types and to limit the overall
number of statistical tests. The following baseline factors were also assessed: age, sex,
ECOG performance status, smoking history (number of pack-years), baseline cardiovascular
disease, baseline CHD, Framingham risk (among those without baseline CHD), pre-existing
atrial fibrillation/flutter, hypertension, hyperlipidemia, diabetes, body mass index (BMI),
baseline statin use, laterality of primary tumor, proton (vs. photon) therapy, chemotherapy
regimen, and consolidation ICI receipt.

OS, freedom from LCSM, and freedom from OCM were assessed with the Kaplan-Meier
method and compared between various strata with the log-rank test. For OS, Cox regression
was performed. Because numerous cardiac dosimetric parameters were associated with

OS, we focused on LAD V15Gy and heart mean dose. Additional variables tested were:
histology, PD-L1 expression, overall stage (I1I1B/I1IC), T4 disease, N3 disease, primary gross
tumor volume (GTVp), nodal GTV (GTVn), lung mean dose, esophagus mean dose, and
effective radiation dose to immune circulating cells (EDIC), calculated per Jin et al. as a
function of heart mean dose, lung mean dose, integral total dose volume, and number of RT
fractions [20].

Variables with p < 0.1 on univariable analysis or thought to be clinically relevant (despite

p > 0.1) were considered for multivariable analysis. Given collinearity between different
cardiac dosimetric parameters, only one such parameter (either LAD V15Gy or heart mean
dose, but not both together) was included in each multivariable model. Additionally, because
EDIC is a function of heart, lung, and body dose, multivariable models that included EDIC
did not include heart or lung dose.

Hypothesis tests were two-sided. When testing associations of LAD V15Gy and heart mean
dose with the primary endpoint of MACE, p < 0.025 was considered statistically significant
(Bonferroni correction, 0.05/2). All other tests were considered exploratory and p < 0.05 was

Radiother Oncol. Author manuscript; available in PMC 2025 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Yegya-Raman et al.

Results

Page 6

considered significant. Analyses were performed with SAS OnDemand for Academics and
SAS version 9.4 (Cary, NC).

A total of 335 patients were included (Supplementary Figure 1). Table 1 shows baseline
characteristics among all patients and stratified by baseline CHD. Median age was 68 years
(interquartile range [IQR] 62—74), 139 patients (41 %) had baseline CHD, and 225 (67 %)
received ICI consolidation. IMRT was used for 199 patients (59 %), proton therapy for 117
(35 %), and 3D-CRT for 19 (6 %). Median heart mean dose was 8.7 Gy (IQR 4.6-14.4),
median heart V50Gy was 4.2 % (IQR 1.2-8.1), and median LAD V15Gy was 1.4 % (IQR
0-22). Supplementary Table 2 shows summary statistics for all other cardiac dosimetric
parameters. Median follow-up was 3.3 years (95 % confidence interval [CI] 3.1-3.5).

A total of 35 patients (10.4 %) experienced at least one MACE (Supplementary Table 3);

1- and 2-year cumulative incidences were 4.2 % (95 % CI 2.4-6.7) and 9.5 % (95 % CI 6.6—
13.1), respectively. One- and 2-year cumulative incidences were 5.8 % (95 % CI 2.7-10.6)
and 14.3 % (95 % CI 8.9-20.8) for those with baseline CHD and 3.1 % (95 % CI 1.3-6.2)
and 6.0 % (95 % CI 3.2-10.0) for those without baseline CHD (p = 0.011; Fig. 1A). Cardiac
dose, including LAD V15Gy and heart mean dose, was not associated with an increased risk
of MACE on univariable (Supplementary Table 4) or multivariable (Table 2) analysis. LAD
V15Gy = 10 % was not associated with MACE among all patients or when stratified by
baseline CHD (Fig. 1B-D).

A total of 87 patients (26 %) experienced at least one grade > 3 cardiac event
(Supplementary Table 5); 1- and 2- year cumulative incidences were 12.6 % (95 % CI1 9.3-
16.4) and 20.4 % (95 % CI 16.1-25.0), respectively. One- and 2-year cumulative incidences
were 13.1 % (95 % CI 8.1-19.3) and 23.9 % (95 % CI 17.0-31.4) for those with baseline
CHD and 12.3 % (95 % CI 8.1-17.3) and 17.7 % (95 % CI 12.6-23.6) for those without
baseline CHD (p = 0.13; Supplementary Figure 2A). Cardiac dose was not associated

with an increased risk of grade = 3 cardiac events on univariable (Supplementary Table

6) or multivariable (Supplementary Table 7) analysis. Heart mean dose = 10 Gy was not
associated with grade = 3 cardiac events among all patients or when stratified by baseline
CHD (Supplementary Figure 2B-D).

There were 183 deaths, including 125 from lung cancer progression and 58 from other
causes (Supplementary Table 8). Median OS was 2.6 years (95 % CI 2.1-3.0). Fig. 2 shows
the risk of death, MACE and grade = 3 cardiac events among all patients and stratified by
baseline CHD.

LAD V15Gy, heart mean dose, and EDIC were associated with worse OS in separate
multivariable models (Table 3). There was no interaction between LAD V15Gy and baseline
CHD, use of proton therapy, or receipt of ICI consolidation (interaction p = 0.13, 0.77,

and 0.71, respectively). LAD V15Gy = 10 % (Fig. 3A) and heart mean dose = 10 Gy
(Supplementary Figure 3A) were associated with worse OS; these OS detriments were
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driven by associations with LCSM and not OCM (Fig. 3B—C and Supplementary Figure
3B-C).

Discussion

Among 335 patients with LA-NSCLC treated with cCRT in the era of modern RT
techniques, updated cardiac dose constraints, and immunotherapy consolidation, we report
three main findings. First, post-cCRT cardiac events were not uncommon (2-year rates were
9.5 % for MACE and 20.4 % for grade = 3 events), particularly among those with baseline
CHD (14.3 % and 23.9 %, respectively). Second, cardiac radiation dose was not associated
with an increased risk of either MACE or grade = 3 cardiac events. Third, cardiac dose was
associated with worse OS, driven by an association with LCSM but not OCM. Our findings
describe the risk of cardiac events after contemporary cCRT and ICI consolidation and add
to a growing body of literature associating cardiac dose with OS [1,13,21,22].

The lack of association between cardiac dose and cardiac events might be explained by risk
mitigation with modern RT techniques, stricter cardiac dose constraints, and/or heightened
awareness of cardiotoxicity. In our study, 94 % of patients were treated with IMRT or
proton therapy, whereas in prior studies that found an association between cardiac dose
and cardiac events most patients (ranging from 78 % to 100 %) were treated with 3D-CRT
[2-5]. We also used strict cardiac dose constraints in the setting of modern RT techniques,
leading to low cardiac dose; by contrast, cardiac dose constraints were inconsistent in
prior studies. Consequently, median heart mean dose/LAD V15Gy were 8.7 Gy/1.4 % in
our cohort compared to 15 Gy/38 % in RTOG 0617 and 12.3 Gy/13.8 % in Atkins et

al. (Supplementary Figure 4) [3,6,23,24]. Although 122/335 patients (36 %) in our cohort
received LAD V15Gy = 10 %, these patients had a higher risk of LCSM but not OCM,
suggesting these were the patients with the most unfavorable lung cancers (e.g., bulky,
unfavorable location, multifocal nodal disease) and that further efforts to reduce LAD dose
in this group may not be clearly cardioprotective. Moreover, since the publication of RTOG
0617, Dess et al. and Wang et al. [1,2,4], at our institution we have more closely counseled
patients on the risks of post-cCRT cardiac events, encouraged patients to follow up with
their cardiologist, and considered referring high-risk patients (specifically, those receiving
heart mean dose > 20 Gy or with significant baseline cardiovascular disease) to cardio-
oncology for cardiovascular risk assessment, optimization, and co-management of cardiac
comorbidities. Conceivably, these measures may have mitigated the risk of RT-associated
cardiotoxicity.

It remains unclear how ICI consolidation modifies a patient’s risk of post-CRT cardiac
events. ICI consolidation decreases the competing risk of LCSM, thereby theoretically
increasing the relative impact of other comorbidities (e.g., cardiopulmonary disease) on
survival, and has the potential for additive cardiotoxicity [9-11,25]. A comparison of cardiac
events between patients who did and did not receive ICI consolidation in our cohort is
fraught with bias given the poor prognosis of the latter group. Nevertheless, only one cardiac
event was clearly related to ICI; this patient was hospitalized 3.6 months post-cCRT with
grade 3 myocarditis and successfully treated with steroids. This patient had baseline CHD
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and previously received a heart mean dose of 5.4 Gy, LV mean dose of 1.6 Gy, and 4 weeks
of durvalumab consolidation.

Cardiac dose was associated with LCSM but not OCM which may reflect factors apart from
cardiotoxicity. Cardiac dose is associated with other toxicities (&.g., immunosuppression)
and is a surrogate for multiple poor prognostic factors (e.g., mediastinal lymph node burden,
central location of tumor, tumor size, lung dose, esophagus dose) that are independently
associated with worse lung cancer-specific outcomes [20,26]. Prior studies found that
EDIC, which is a function of heart, lung, and body dose, was associated with grade >

3 lymphopenia, worse tumor control, and inferior survival [20,27,28]. In our study, we

also found an association between EDIC and worse OS, and we have a forthcoming study
suggesting EDIC is also associated with treatment-related lymphopenia [30]. Additionally,
residual confounding remains a concern; for example, despite controlling for GTVp, GTVn,
lung mean dose, and esophagus mean dose in our multivariable model for OS, we could not
control for nodal multifocality or location, which may be associated with both heart dose
and worse OS. We would urge cautious interpretation of any association between cardiac
dose and OS for two reasons: first, cardiac dose is associated with multiple poor prognostic
factors that are unlikely to be fully controlled for in a regression model; and second, OS is
dominated by cancer progression events rather than toxicity.

The cardiac dose constraints used herein, including heart mean dose < 20 Gy (optimization
target < 10 Gy) and heart V50Gy < 25 % may be a reasonable starting point to reduce

the risk of RT-associated cardiotoxicity. At our institution, we do not employ cardiac
substructure constraints (e.g., LAD V15Gy < 10 %), as the added value remains unclear,
particularly if the association between cardiac dose and OS largely reflects mechanisms
apart from cardiotoxicity (e.g., immunosuppression). Nevertheless, we attempt to minimize
heart dose, while also minimizing lung dose (optimization target mean dose < 18 Gy and
V20 < 25 %) without sacrificing tumor coverage.

This study shares the limitations of prior cardiotoxicity studies. First, baseline
cardiovascular disease and post-cCRT cardiac events were retrospectively assessed, which
may lead to misestimations in both. It is possible that even with reduced cardiac dose,
subclinical cardiac changes occur following cCRT. Such subclinical changes (/.e., CTCAE
grade 1-2 toxicities) are challenging to capture retrospectively. At our institution, we

have partnered with cardio-oncology to conduct serial prospective observational studies

to better understand potential subclinical cardiac perturbations following thoracic RT (e.g.,
NCT04305613 and [29]). Second, the relatively limited sample size restricts the ability

to report on a lack of association between cardiac dose and cardiac events; nevertheless,
no association was observed despite testing numerous dosimetric parameters in several
subgroups (Supplementary Tables 4 and 6).

Conclusion

Cardiac radiation dose was associated with worse survival but not cardiac events for patients
with LA-NSCLC treated in the era of modern RT techniques (predominantly IMRT or
proton therapy), data-driven cardiac dose constraints (heart mean dose < 20 Gy [<10 Gy if
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feasible] and heart V50Gy < 25 %), heightened awareness of the potential for RT-associated
cardiotoxicity, and immunotherapy consolidation. The survival detriment was limited to
LCSM and not OCM which may reflect factors apart from cardiotoxicity.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Cumulative incidence of major adverse cardiac events, (A) among all patients and stratified
by baseline coronary heart disease (CHD); (B-D) stratified by LAD V15Gy = 10 % (B)
among all patients, (C) among patients with baseline CHD, and (D) among patients without

baseline CHD.

Radjother Oncol. Author manuscript; available in PMC 2025 January 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Yegya-Raman et al.

A All Patients

ncsdince

Cunudative

33+ cardioc event

All-cause mortalay

Baseline CHD

All-cause mortality

G3+ cardinc cyent

C No Baseline CHD

All-cause mortality

Radjother Oncol. Author manuscript; available in PMC 2025 January 01.

Page 13

Cumulative incidence of all-cause mortality, major adverse cardiac events (MACE), and

grade = 3 cardiac events (A) among all patients, (B) among patients with baseline coronary
heart disease (CHD), and (C) among patients without baseline CHD. MACE and grade = 3
cardiac events are adjusted for the competing risk of death.
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Fig. 3.
(A) Overall survival (OS), (B) freedom from lung cancer-specific mortality (LCSM), and

(C) freedom from other-cause mortality (OCM) stratified by LAD V15Gy = 10 %.
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Fine-Gray regression for major adverse cardiac events among all patients (N = 335).

Table 2

Variable Univariable Multivariable
SHR(95%Cl) P SHR(95%Cl) P
Age (y) 1.04 (0.99-1.08)  0.089
Female 1.71 (0.86-3.44) 0.13
ECOG PS (ref: 0)
1 299(1.14-7.81)  0.026  2.89 (1.03-7.87)1 0.042
2 6.11 (1.98-18.9) 0.0016 4.96 (1_57_15_5)1 0.0063
Smoking pack-years (per 10) 1.02 (0.93-1.10) 0.74
Baseline CVD 1.86 (0.94-3.69) 0.075
Baseline CHD 2.41(1.22-4.77) 0.012 1.96 (0.98—3.92)1 0.056
Framingham risk (ref: Iow)2
Moderate 2.47 (0.29-21.3) 0.41
High 2.06 (0.26-16.6)  0.50
Baseline atrial fibrillation/flutter 0.72 (0.25-2.01) 0.52
Baseline hypertension 1.56 (0.73-3.33) 0.25
Baseline hyperlipidemia 1.12 (0.58-2.17) 0.73
Baseline diabetes 1.99 (0.99-4.00) 0.052
BMI (kg/m?) 1.03(0.97-1.08)  0.36
Baseline statin use 2.06 (0.99-4.29) 0.052
Laterality of primary tumor (ref: right)
Left 0.54 (0.24-1.18) 0.12
Mediastinum 0.48 (0.066-3.55)  0.47
Proton therapy 1.24 (0.63-2.43) 0.53
Carboplatin/paclitaxel (ref: all else)  1.54 (0.69-3.43) 0.30
Consolidation ICI receipt 0.76 (0.38-1.50)  0.43
LAD V15Gy (%)% 099 (0.97-1.01) 037 099 (0.97-1.01) 0.34
Heart mean dose (Gy)” 0.97(0.92-1.02)  0.27 0.97 (0.92-1.03)4  0.30

Page 18

sHR, subdistribution hazard ratio; Cl, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; ref, reference;
CVD, cardiovascular disease; CHD, coronary heart disease; ICI, immune checkpoint inhibitor; LAD, left anterior descending coronary artery; Vx

Gy, volume receiving = x Gy.

'ZModeI 1 with ECOG PS, baseline CHD, and LAD V15Gy.

ZAmong the 196 patients without baseline CHD.

3Only LAD V15Gy and heart mean dose are included in this Table as they are representative dosimetric parameters; Supplementary Table 4 shows

all univariable tests performed.

4Mode| 2 with ECOG PS, baseline CHD, and heart mean dose.
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