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ORIGINAL RESEARCH

Cardiac Adverse Events Associated With 
Chemo- Radiation Versus Chemotherapy for 
Resectable Stage III Non- Small- Cell Lung 
Cancer: A Surveillance, Epidemiology and 
End Results- Medicare Study
Emma Herbach , MS; Michael A. O’Rorke , PhD; Ryan M. Carnahan , PharmD, MS; Bradley D. McDowell , PhD; 
Bryan Allen , MBA, MD, PhD; Isabella Grumbach , MD, PhD; Barry London , MD, PhD; Brian J. Smith , PhD; 
Douglas R. Spitz , PhD; Aaron Seaman , PhD; Elizabeth A. Chrischilles , PhD

BACKGROUND: We compared cardiac outcomes for surgery- eligible patients with stage III non- small- cell lung cancer treated 
adjuvantly or neoadjuvantly with chemotherapy versus chemo- radiation therapy in the Surveillance, Epidemiology and End 
Results- Medicare database.

METHODS AND RESULTS: Patients were age 66+, had stage IIIA/B resectable non- small- cell lung cancer diagnosed between 
2007 and 2015, and received adjuvant or neoadjuvant chemotherapy or chemo- radiation within 121 days of diagnosis. Patients 
having chemo- radiation and chemotherapy only were propensity- score matched and followed from day 121 to first cardiac 
outcome, noncardiac death, radiation initiation by patients who received chemotherapy only, fee- for- service enrollment inter-
ruption, or December 31, 2016. Cause- specific hazard ratios (HRs) and competing risks subdistribution HRs were estimated. 
The primary outcome was the first of these severe cardiac events: acute myocardial infarction, other hospitalized ischemic 
heart disease, hospitalized heart failure, percutaneous coronary intervention/coronary artery bypass graft, cardiac death, or 
urgent/inpatient care for pericardial disease, conduction abnormality, valve disorder, or ischemic heart disease. With median 
follow- up of 13 months, 70 of 682 patients who received chemo- radiation (10.26%) and 43 of 682 matched patients who re-
ceived chemotherapy only (6.30%) developed a severe cardiac event (P=0.008) with median time to first event 5.45 months. 
Chemo- radiation increased the rate of severe cardiac events (cause- specific HR: 1.62 [95% CI, 1.11– 2.37] and subdistribution 
HR: 1.41 [95% CI, 0.97– 2.04]). Cancer severity appeared greater among patients who received chemo- radiation (noncardiac 
death cause- specific HR, 2.53 [95% CI, 1.93– 3.33] and subdistribution HR, 2.52 [95% CI, 1.90– 3.33]).

CONCLUSIONS: Adding radiation therapy to chemotherapy is associated with an increased risk of severe cardiac events among 
patients with resectable stage III non- small- cell lung cancer for whom survival benefit of radiation therapy is unclear.

Key Words: cardiac effects ■ cardio- oncology ■ epidemiology ■ non- small- cell lung cancer ■ radiation effects

Cardiovascular morbidity and mortality are elevated 
among survivors of adult- onset lung, lymphoma, 
and breast cancers compared with noncancer 

controls, and a causal role for therapeutic exposures is 
suggested by absence of stage-  and age- adjusted in-
creased risk among patients who receive only surgery.1 
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For patients with malignancies involving the thoracic 
region, the therapeutic benefits of radiation therapy 
may be offset to some extent by effects on the heart.2 
Much of this evidence is from population- based stud-
ies of breast cancer where more contemporary efforts 
to reduce exposure to the heart may have reduced the 
radiation- associated cardiac risk.3– 5 However, it can be 
more difficult to protect the heart from radiation damage 
for treatment of lung cancer.6 Pooled analyses of clinical 
trials7,8 and a recent large retrospective chart review case 
series9 of patients with radiation- treated locally advanced 
non- small- cell lung cancer (NSCLC) have verified radia-
tion dose to the heart as a contributor to major adverse 
cardiac events (MACE) within the first 2 years after lung 
cancer diagnosis.9

The benefits and risks of radiation therapy in pa-
tients with resectable stage IIIA NSCLC are incon-
clusive.10 The purpose of our study was to assess 

the effect of chemo- radiation treatment on cardiac 
outcomes when compared with chemotherapy only 
in a large population- based cohort study of patients 
with surgically treatable stage III NSCLC who were 
age 66 or older at the time of their cancer diagnosis. 
Surveillance, Epidemiology and End Results (SEER)- 
Medicare cohort studies have previously reported 
cardiac outcomes associated with radiation therapy 
in patients with small cell lung cancer11 and any- stage 
NSCLC.12 Our study adds to this literature with more 
contemporary data and by directly comparing chemo- 
radiation to chemotherapy alone for surgically treatable 
stage III NSCLC.

METHODS
The SEER- Medicare data are available with National 
Cancer Institute and SEER approval of specific re-
search protocols in order to protect the confidentiality 
and privacy of patients and providers; instructions for 
obtaining the data are available at https://healt hcare 
deliv ery.cancer.gov/seerm edica re/obtai n/. Definitions 
of all variables used in this study (ie, billing codes) are 
available in the supplemental material to facilitate repli-
cation of this study’s procedures.

The project was submitted to the University of 
Iowa Institutional Review Board, which determined it 
to not meet the regulatory definition of human sub-
jects research and therefore did not require review by 
the Institutional Review Board, because this project 
is limited to analysis of deidentified public health and 
Medicare data.

Study Design
This propensity score- matched retrospective cohort 

study of the SEER- Medicare database13 included pa-
tients diagnosed with histologically or microscopically 
confirmed stage III NSCLC between January 1, 2007 
and December 31, 2015 (see Figure S1 for depiction 
of study design). Medicare claims data were used to 
identify patients who received cytotoxic chemotherapy 
with or without radiation treatment (ie, chemo- radiation 
versus chemotherapy only) within an exposure as-
sessment window from diagnosis through 4 months 
after diagnosis. The follow- up period for cardiac event 
outcomes began upon completion of the exposure 
assessment window (ie, 4 months or 121 days after 
diagnosis) and ended at the earliest of the following: 
the first cardiac outcome of interest, noncardiac death, 
initiation of radiation therapy by a nonuser, or end of 
available Medicare claims (owing to discontinuation of 
full fee- for- service enrollment or December 31, 2016 
[the last date of available claims data]). Baseline comor-
bidity covariates were assessed from claims any time 
before the diagnosis date, function- related indicators 

CLINICAL PERSPECTIVE

What Is New?
• This study is the first to evaluate whether con-

current chemotherapy and radiation is associ-
ated with greater cardiotoxicity compared with 
chemotherapy alone among a contemporary 
population- based cohort of patients with re-
sectable stage III non- small- cell lung cancer.

• Radiation to the thoracic region may increase 
the risk of severe cardiovascular events among 
patients with operable stage III lung cancer who 
received chemotherapy.

What Are the Clinical Implications?
• Treatment decision- making for lung cancer 

should be a multidisciplinary effort between 
cardiologists and oncologists, weighing the 
safety of combined chemotherapy and radia-
tion against the not- yet- demonstrated survival 
benefit above chemotherapy alone.

Nonstandard Abbreviations and Acronyms

CSHR cause- specific hazard ratio
CTCAE clinical trial common adverse event
MACE major adverse cardiac events
NSCLC non- small- cell lung cancer
SEER Surveillance, Epidemiology and End 

Results
SDHR subdistribution hazard ratio
3DCRT 3- dimensional conformal radiation 

therapy

https://healthcaredelivery.cancer.gov/seermedicare/obtain/
https://healthcaredelivery.cancer.gov/seermedicare/obtain/
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were assessed for 1 year before diagnosis, and immu-
notherapy and hormonal therapy use was assessed 
from claims for encounters occurring during the expo-
sure assessment window. Characteristics from SEER 
were used to assess exclusion criteria (Figure 1 –  flow 
diagram) and some covariates.

Measures
Tables S1 and S2 provide all diagnosis and procedure 
codes and associated rules used to define treatments, 
cardiac outcomes, and covariates from Medicare 
claims. The primary outcome, composite severe car-
diac event, included any severe cardiac outcome. 
Severe cardiac outcomes were defined to approximate 
well- accepted American Heart Association/American 
College of Cardiology- defined MACE end points for 
clinical trials14 and grade 3 National Cancer Institute 
clinical trial common adverse event (CTCAE) defini-
tions.15 MACE included cardiac death, acute myocar-
dial infarction, hospitalized heart failure, hospitalized 
ischemic heart disease (other than acute myocardial 
infarction), and percutaneous coronary intervention or 
coronary artery bypass graft procedure. To approxi-
mate grade 3 or higher CTCAE, we included inpatient 
or urgent care encounters for ischemic heart disease, 
valve disorders/thoracic aortic disease, arrhythmia/
conduction disorders, heart failure/cardiomyopathy/
myocarditis, and pericardial disease operationalized as 
a first position diagnosis code on a hospitalization or 
emergency department encounter (Medicare Provider 
Analysis and Review/inpatient claim or emergency de-
partment revenue center code on an outpatient facility 
claim).

Covariates included sociodemographic factors 
(age, diagnosis year, and whether receiving a low- 
income subsidy or state buy- in), prediagnosis history 
of cardiac conditions, other cardiac risk factors (hyper-
tension, diabetes, smoking), other individual comorbid-
ities and a comorbidity summary score (as measured 
by the National Cancer Institute comorbidity index16), 
individual frailty indicators and a count of those indica-
tors,17 and immunotherapy and hormonal therapy use.

Statistical Analysis
Propensity scores were estimated using logistic regres-
sion, with each patient treated with chemo- radiation 
matched to 1 patient who received chemotherapy 
only, using greedy nearest neighbor matching with a 
caliper of 0.25 on the logit of propensity score scale. 
Additionally, pairs were required to have an exact match 
on laterality and year of diagnosis. Balance on covari-
ates before and after matching was assessed using 
standardized differences. Standardized differences 
<0.1 were considered to indicate robust matching.

Clinically we are interested in the cumulative inci-
dence, the expected proportion of patients who will 
have a cardiac event over the course of time. When 
there are competing risks (eg, noncardiac death), mul-
tivariable analyses commonly use Cox proportional 
cause- specific hazard models and/or proportional 
subdistribution hazards models. Reporting both anal-
ysis approaches may provide a more complete under-
standing of the dynamics of competing events over 
time.18 As recommended by Latouche et al,18 descrip-
tive cumulative cause- specific hazards and cumula-
tive incidence plots were produced for the composite 
cardiac outcome and noncardiac death to illustrate the 
time course of these events.

Competing risk analyses were conducted to as-
sess the relationship of chemo- radiation versus 
chemotherapy- only treatment with the composite 
outcome and the individual cardiac outcomes. Cox 
proportional hazards models were used to estimate 
cause- specific hazard ratios (CSHRs) and Fine– Gray 
(competing risks) regressions were used to estimate 
subdistributio hazard ratios (SDHRs) for all cardiac 
outcomes and for the competing event (noncardiac 
death).18 Additionally, 2- year cumulative incidence (ie, 
the probability of an event within the first 2 years of fol-
low- up) estimates were generated from the Fine– Gray 
competing risks model’s cumulative incidence function.

Originally, we opted not to test the proportional haz-
ards assumption for theoretical and practical consider-
ations. Nonproportional hazards are typical in medical 
studies for reasons such as changes in the effect of 
treatment on the outcome over time or differences in 
susceptibility to the outcome, in which high- risk pa-
tients experience events early and those surviving lon-
ger being less susceptible.19 Large sample sizes and 
long duration of follow- up are likely to yield statistically 
significant tests of proportional hazards. Accordingly, 
Stensrud and Hernán posit statistical testing for pro-
portional hazards is unnecessary.19

In an ad hoc analysis, we assessed the propor-
tional hazards assumption visually and mathematically 
for the primary outcome of interest (any cardiac event) 
and the competing event (noncardiac death). The 
Kaplan– Meier survival curves and log- negative- log 
plots for the primary outcome and competing event 
appeared proportional between patients who received 
chemo- radiation and and those who received chemo-
therapy only. The Kaplan– Meier curves for any cardiac 
event narrowed but did not cross, past 6 years of fol-
low- up, which is to be expected with a long duration 
of follow- up.19 We tested for an interaction between 
follow- up time and treatment group (a significant inter-
action reflecting violation of the proportional hazards 
assumption); the treatment- time interaction was not 
significant for the outcome or competing event.
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Figure 1. Flow diagram describing application of exclusion criteria to select the study sample.
HMO indicates health maintenance organization; and SEER, Surveillance, Epidemiology, and End Results.

Patients diagnosed with first lung cancer (site recode = 22 030) 

with documented date of diagnosis 

N=753 161 

Diagnosed in 2007 or later, not diagnosed at time of autopsy or by 

death certificate 

N=342 998 

Non-small cell histology with malignant behavior 

N=249 228 

Stage 3 

N=52 923 

Excluded 

N=93 770 

(565 due to malignant behavior,  

93 205 due to histology) 

Excluded 

N=196 305 

Excluded

N=217 

Death date consistent between SEER and Medicare 

N=52 706 

Left or right laterality 

N=51 862 

Age 66 or older at diagnosis 

N=39 699 
Excluded 

N=19 859 

(14 309 due to 12 months baseline coverage,  

5550 due to lack of continuous coverage or 

deceased during the 4 month exposure assessment 

window)

Continuous part A and B coverage without HMO for 12 months 

before and at least 4 months after diagnosis, and alive for at least 4 

months after diagnosis (exposure assessment window) 

N=19 840 

Recommended for surgery and received chemotherapy during 

exposure assessment window 

N=2231 

Excluded 

N=844 

(Due to unknown laterality or midline tumors) 

Histologically or cytologically confirmed lung tumor without prior or 

simultaneous esophageal cancer 

N=51 348 

Excluded 

N=514 

(441 due to lack of confirmation,  

73 due to other esophageal tumors)

Excluded 

N=17 609 

(15 285 due to surgery not recommended 

2324 due to no chemotherapy) 

Excluded 

N=410 163 

(17 573 diagnosed at autopsy/ death certificate,  

392 590 diagnosed before 2007) 

Excluded 

N=11 649 
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Individuals were followed from 121 days after diag-
nosis through the first of the cardiac outcomes of in-
terest, noncardiac death, initiation of radiation therapy 
by a nonuser, interruption of full fee- for- service enroll-
ment, or December 31, 2016. Follow- up time for both 
members of a matched pair ended when the earliest 
end of follow- up for the pair was because of censoring 
(ie, radiation initiation by a patient who received che-
motherapy only or discontinuation of fee- for- service 
coverage). That is, for each matched pair, if the mem-
ber with the shortest follow- up was censored, that fol-
low- up time was also used as the end of follow- up for 
the other member of the pair. For estimating cause- 
specific hazard of cardiac events, occurrence of the 
competing event (noncardiac death) also qualifies as 
a censoring event and vice versa (ie, cardiac event 
counts as censoring for the cause- specific hazard of 
the competing event, noncardiac death). For Fine– 
Gray analyses, the competing event is not considered 
to be a censoring event.

To explore whether greater heart dose modified 
this association, a planned exploratory analysis exam-
ined whether patients with left- sided laterality tumors, 
compared with right, had a greater difference in rate of 
cardiac events between patients with chemo- radiation 
and patients with chemotherapy only. This was quan-
tified with the relative excess risk because of interac-
tion, a standard measure for interaction on the additive 
scale, with CIs computed via the multivariate delta 
method.20– 22 Another sensitivity analysis included only 
new- onset outcomes (eg, atrial fibrillation encounters 
were counted as an outcome only if the patient had no 
history of atrial fibrillation before lung cancer diagnosis).

RESULTS
Of 2231 patients who met eligibility criteria (Figure 1), 
1364 patients were propensity score matched. Before 
matching, the median age of this chemotherapy- 
treated cohort was 72 years (interquartile range: 69– 
76), mean (SD) age was 72.8 (4.9), 46% were female, 
and 803 (36%) had radiation treatment initiated dur-
ing the 4- month postdiagnosis exposure assessment 
window. Patients often had prevalent cardiac disease 
before diagnosis, with 8.9% (n=199) having had prior 
evidence of a MACE. The prevalence of conduction 
abnormality, heart failure, ischemic heart disease, and 
valve disorder each exceeded 10% before diagnosis 
(Table 1). The groups were well balanced on covariates 
after matching (Table 1).

With a median follow- up of 13 months (interquartile 
range: 3.47– 32.21), 113 of 1364 (8.28%) matched pa-
tients had a severe cardiac event (70 of 682 patients 
treated with radiation [10.26%] and 43 of 682 pa-
tients treated without radiation [6.30%], P=0.008) with 

a median time to first event of 5.45 months. The 2- year 
cumulative incidence of any severe cardiac event was 
13.4% and 10.7% for patients treated with radiation 
and without radiation, respectively (Table 2).

Of 1364 matched patients, 55 (4.03%) had 1 or 
more MACE (29 of 682 patients treated with radiation 
[4.26%], and 26 of 682 [3.81%] patients treated without 
radiation, P=0.68) with a median time to first MACE of 
6.90 months. The 2- year cumulative incidence of any 
MACE event was 5.2% for both those treated with radi-
ation and without radiation (Table 2). Among individual 
MACE, a total of 11 had cardiac death, 23 developed 
an acute myocardial infarction, 16 were hospitalized 
with heart failure, <11 were hospitalized for ischemic 
heart disease other than acute myocardial infarction, 
and 13 had a percutaneous coronary intervention or 
coronary artery bypass graft procedure (Table 2).

Of the 1364 matched patients, 95 (6.96%) had 1 
or more approximated grade 3 CTCAE (60 of 682 
[8.80%] treated with radiation and 35 of 682 [5.13%] 
without radiation, P=0.008) with a median time to first 
severe CTCAE of 6.28 months. The 2- year cumulative 
incidence was 11.4% for patients treated with radia-
tion treated and 8.8% for patients treated without ra-
diation (Table 2). Among individual CTCAE, a total of 
20 patients had an inpatient or urgent care encounter 
for ischemic heart disease, <11 for valvular disorders, 
32 for atrial fibrillation, 51 with arrhythmia/conduction 
disorders including atrial fibrillation, 16 with heart fail-
ure/cardiomyopathy, and <11 for pericardial disease 
(Table 2).

Compared with chemotherapy alone, chemo- 
radiation was significantly associated with an increase in 
the rate of severe cardiac events (CSHR, 1.62 [95% CI, 
1.11– 2.37]) as well as an increase in rate of noncardiac 
mortality (CSHR, 2.53 [95% CI, 1.93– 3.33]) (Table  3). 
These results were comparable to the cumulative in-
cidence analyses (SDHR, 1.41 [95% CI, 0.97– 2.04] and 
SDHR, 2.52 [95% CI, 1.90– 3.33], respectively) (Table 3, 
Figure 2). Over 73% (83 of 113) of people who expe-
rienced a severe cardiac outcome had a new onset 
event during the follow- up period. Results were similar 
in sensitivity analyses that included only new onset out-
comes (Table S3) and when restricted to stage IIIA only 
cases (Table S4).There was some indication that the es-
timated effect of chemo- radiation compared with che-
motherapy alone among those with left- sided laterality 
was greater than among those with right- sided lateral-
ity (Table 4) The relative excess risk due to interaction 
was positive (0.16) with a 95% CI from −0.87 to 1.19 
under the cause- specific hazard model and 0.21 (−0.70 
to 1.13) under the subdistribution hazard model. The 
laterality- specific CSHRs were 1.64 (95% CI, 0.94– 2.86) 
for left- sided laterality and 1.59 (95% CI, 0.95– 2.68) for 
right- sided laterality. These results were comparable to 
the competing risk analyses by laterality where left- side 



J Am Heart Assoc. 2022;11:e027288. DOI: 10.1161/JAHA.122.027288 6

Herbach et al Cardiac Toxicity in Stage III Lung Cancer Therapy

Ta
b

le
 1

. 
C

o
va

ri
at

e 
B

a
la

n
c

e 
B

ef
o

re
 a

n
d

 A
ft

e
r 

M
at

c
h

in
g

B
ef

o
re

 m
at

ch
in

g
 (n

=
22

31
)

A
ft

er
 m

at
ch

in
g

¶
 (n

=1
36

4)

C
o

va
ri

at
e

C
h

em
o

ra
d

ia
ti

o
n 

(N
=

80
3)

 
m

ea
n 

(S
D

)
C

h
em

o
th

er
ap

y 
o

n
ly

 
(N

=1
42

8)
 m

ea
n 

(S
D

)
S

ta
n

d
ar

d
iz

ed
 

d
if

fe
re

n
ce

C
h

em
o

ra
d

ia
ti

o
n 

(N
=

68
2)

 
m

ea
n 

(S
D

)
C

h
em

o
th

er
ap

y 
o

n
ly

 
(N

=
68

2)
 m

ea
n 

(S
D

)
S

ta
n

d
ar

d
iz

ed
 

d
if

fe
re

n
ce

Tu
m

or
 c

ha
ra

ct
er

is
tic

s 
(a

s 
d

oc
um

en
te

d 
in

 th
e 

S
ur

ve
ill

an
ce

, E
p

id
em

io
lo

gy
, a

nd
 E

nd
 R

es
ul

ts
 c

an
ce

r 
fil

e 
fo

r 
th

e 
p

rim
ar

y 
ca

nc
er

 d
ia

gn
os

is
)

Tu
m

or
 s

iz
e,

 m
m

44
.7

2 
(3

2.
62

)
40

.8
9 

(2
7.

28
)

0.
13

42
.1

0 
(2

2.
81

)
41

.9
9 

(2
4.

80
)

0.
00

N
0 

no
d

al
 s

ta
tu

s
0.

11
 (0

.3
2)

0.
12

 (0
.3

3)
−

0.
03

0.
11

 (0
.3

1)
0.

11
 (0

.3
2)

−
0.

01

N
1 

no
d

al
 s

ta
tu

s
0.

11
 (0

.3
1)

0.
17

 (0
.3

8)
−

0.
18

0.
11

 (0
.3

1)
0.

12
 (0

.3
3)

−
0.

05

N
2 

no
d

al
 s

ta
tu

s
0.

74
 (0

.4
4)

0.
69

 (0
.4

6)
0.

11
0.

77
 (0

.4
2)

0.
75

 (0
.4

3)
0.

03

N
3 

no
d

al
 s

ta
tu

s
0.

04
 (0

.1
9)

0.
02

 (0
.1

3)
0.

13
0.

02
 (0

.1
3)

0.
01

 (0
.1

1)
0.

04

A
ge

 a
t d

ia
gn

os
is

, y
72

.4
1 

(5
.0

1)
73

.0
1 

(4
.8

8)
−

0.
12

72
.4

7 
(4

.9
4)

72
.5

9 
(4

.6
8)

−
0.

02

Ye
ar

 o
f d

ia
gn

os
is

20
11

 (2
.5

9)
20

11
 (2

.6
2)

−
0.

08
20

11
 (2

.6
0)

20
11

 (2
.6

0)
0.

00

Le
ft

 la
te

ra
lit

y 
(o

f p
rim

ar
y 

tu
m

or
)

0.
41

 (0
.4

9)
0.

43
 (0

.5
0)

−
0.

05
0.

40
 (0

.4
9)

0.
40

 (0
.4

9)
0.

00

S
ta

ge
 II

IA
 a

t d
ia

gn
os

is
 (v

s 
III

B
)

0.
80

 (0
.4

0)
0.

83
 (0

.3
8)

−
0.

06
0.

83
 (0

.3
8)

0.
83

 (0
.3

7)
−

0.
01

D
em

og
ra

p
hi

cs
 (a

s 
d

oc
um

en
te

d 
in

 th
e 

S
ur

ve
ill

an
ce

, E
p

id
em

io
lo

gy
, a

nd
 E

nd
 R

es
ul

ts
 c

an
ce

r 
fil

e 
at

 th
e 

tim
e 

of
 th

e 
p

rim
ar

y 
ca

nc
er

 d
ia

gn
os

is
)

W
hi

te
 r

ac
e

0.
91

 (0
.2

8)
0.

92
 (0

.2
8)

−
0.

01
0.

91
 (0

.2
8)

0.
91

 (0
.2

9)
0.

03

B
la

ck
 r

ac
e

0.
06

 (0
.2

3)
0.

04
 (0

.2
0)

0.
08

0.
06

 (0
.2

3)
0.

04
 (0

.2
0)

0.
08

O
th

er
 r

ac
e††

0.
03

 (0
.1

7)
0.

04
 (0

.2
0)

−
0.

08
0.

03
 (0

.1
7)

0.
05

 (0
.2

3)
−

0.
12

H
is

pa
ni

c 
et

hn
ic

ity
0.

04
 (0

.1
9)

0.
04

 (0
.2

1)
−

0.
03

0.
04

 (0
.2

0)
0.

05
 (0

.2
1)

−
0.

04

M
ar

rie
d 

at
 d

ia
gn

os
is

0.
58

 (0
.4

9)
0.

64
 (0

.4
8)

−
0.

11
0.

59
 (0

.4
9)

0.
65

 (0
.4

8)
−

0.
13

M
al

e 
se

x
0.

58
 (0

.4
9)

0.
51

 (0
.5

0)
0.

13
0.

56
 (0

.5
0)

0.
54

 (0
.5

0)
0.

06

S
ta

te
 b

uy
- in

 M
ed

ic
ar

e 
su

bs
id

y
0.

12
 (0

.3
2)

0.
11

 (0
.3

1)
0.

03
0.

11
 (0

.3
1)

0.
11

 (0
.3

1)
0.

00

Tr
ea

tm
en

t c
ha

ra
ct

er
is

tic
s#  

(id
en

tif
ie

d 
vi

a 
In

te
rn

at
io

na
l C

la
ss

ifi
ca

tio
n 

of
 D

is
ea

se
s 

d
ia

gn
os

is
 a

nd
 C

ur
re

nt
 P

ro
ce

d
ur

al
 T

er
m

in
ol

og
y/

H
ea

lth
ca

re
 C

om
m

on
 P

ro
ce

d
ur

e 
C

od
in

g 
S

ys
te

m
 c

od
es

 d
ur

in
g 

th
e 

ex
p

os
ur

e 
as

se
ss

m
en

t w
in

d
ow

)

Im
m

un
ot

he
ra

py
‡

0.
02

 (0
.1

3)
0.

07
 (0

.2
5)

−
0.

25
0.

02
 (0

.1
3)

0.
01

 (0
.1

1)
0.

04

H
or

m
on

al
 th

er
ap

y‡
0.

93
 (0

.2
6)

0.
86

 (0
.3

4)
0.

21
0.

92
 (0

.2
7)

0.
92

 (0
.2

7)
0.

01

B
as

el
in

e 
ca

rd
ia

c 
co

nd
iti

on
s 

(a
ny

 ti
m

e 
b

ef
or

e 
in

d
ex

 c
an

ce
r 

d
ia

gn
os

is
)

A
tr

ia
l f

ib
ril

la
tio

n*
,§

0.
11

 (0
.3

1)
0.

10
 (0

.3
0)

0.
02

0.
10

 (0
.3

0)
0.

10
 (0

.3
0)

0.
00

A
rr

hy
th

m
ia

 o
r 

co
nd

uc
tio

n 
ab

no
rm

al
ity

*,§
0.

22
 (0

.4
1)

0.
22

 (0
.4

2)
−

0.
02

0.
22

 (0
.4

2)
0.

23
 (0

.4
2)

−
0.

01

H
ea

rt
 fa

ilu
re

*,§
0.

11
 (0

.3
2)

0.
11

 (0
.3

1)
0.

02
0.

11
 (0

.3
2)

0.
11

 (0
.3

2)
−

0.
00

Is
ch

em
ic

 h
ea

rt
 d

is
ea

se
*,§

0.
35

 (0
.4

8)
0.

34
 (0

.4
7)

0.
01

0.
34

 (0
.4

7)
0.

36
 (0

.4
8)

−
0.

03

P
er

ic
ar

d
ia

l d
is

ea
se

*,§
0.

00
 (0

.0
7)

0.
01

 (0
.0

8)
−

0.
03

0.
01

 (0
.0

8)
0.

00
 (0

.0
7)

0.
02

Va
lv

e 
d

is
or

d
er

s 
or

 th
or

ac
ic

 
ao

rt
ic

 d
is

ea
se

*,§
0.

14
 (0

.3
4)

0.
15

 (0
.3

6)
−

0.
05

0.
14

 (0
.3

4)
0.

13
 (0

.3
4)

0.
00

 (C
on

tin
ue

d
)



J Am Heart Assoc. 2022;11:e027288. DOI: 10.1161/JAHA.122.027288 7

Herbach et al Cardiac Toxicity in Stage III Lung Cancer Therapy

B
ef

o
re

 m
at

ch
in

g
 (n

=
22

31
)

A
ft

er
 m

at
ch

in
g

¶
 (n

=1
36

4)

C
o

va
ri

at
e

C
h

em
o

ra
d

ia
ti

o
n 

(N
=

80
3)

 
m

ea
n 

(S
D

)
C

h
em

o
th

er
ap

y 
o

n
ly

 
(N

=1
42

8)
 m

ea
n 

(S
D

)
S

ta
n

d
ar

d
iz

ed
 

d
if

fe
re

n
ce

C
h

em
o

ra
d

ia
ti

o
n 

(N
=

68
2)

 
m

ea
n 

(S
D

)
C

h
em

o
th

er
ap

y 
o

n
ly

 
(N

=
68

2)
 m

ea
n 

(S
D

)
S

ta
n

d
ar

d
iz

ed
 

d
if

fe
re

n
ce

H
os

p
ita

liz
ed

 h
ea

rt
 fa

ilu
re

*,ǁ
0.

01
 (0

.1
2)

0.
01

 (0
.1

1)
0.

01
0.

02
 (0

.1
3)

0.
01

 (0
.1

2)
0.

01

H
os

p
ita

liz
ed

 is
ch

em
ic

 h
ea

rt
 

d
is

ea
se

*,ǁ
0.

07
 (0

.2
5)

0.
06

 (0
.2

4)
0.

02
0.

06
 (0

.2
4)

0.
06

 (0
.2

3)
0.

02

A
cu

te
 m

yo
ca

rd
ia

l i
nf

ar
ct

io
n*

,ǁ
0.

03
 (0

.1
8)

0.
03

 (0
.1

7)
0.

03
0.

03
 (0

.1
6)

0.
03

 (0
.1

6)
0.

00

P
er

cu
ta

ne
ou

s 
co

ro
na

ry
 

in
te

rv
en

tio
n/

co
ro

na
ry

 a
rt

er
y 

by
pa

ss
 g

ra
ft

*,ǁ

0.
08

 (0
.2

7)
0.

07
 (0

.2
6)

0.
01

0.
07

 (0
.2

5)
0.

07
 (0

.2
6)

−
0.

02

C
om

or
b

id
iti

es
* 

(a
ny

 ti
m

e 
b

ef
or

e 
in

d
ex

 c
an

ce
r 

d
ia

gn
os

is
)

N
C

I-
 w

ei
gh

te
d 

co
m

or
b

id
ity

 
in

d
ex

*
2.

46
 (2

.3
3)

2.
48

 (2
.3

1)
−

0.
01

2.
39

 (2
.3

1)
2.

41
 (2

.2
8)

−
0.

01

C
hr

on
ic

 o
bs

tr
uc

tiv
e 

p
ul

m
on

ar
y 

d
is

ea
se

*
0.

46
 (0

.5
0)

0.
47

 (0
.5

0)
−

0.
02

0.
45

 (0
.5

0)
0.

46
 (0

.5
0)

−
0.

02

C
er

eb
ro

va
sc

ul
ar

 d
is

ea
se

*
0.

21
 (0

.4
1)

0.
18

 (0
.3

9)
0.

07
0.

21
 (0

.4
1)

0.
20

 (0
.4

0)
0.

01

D
em

en
tia

*
0.

01
 (0

.1
1)

0.
01

 (0
.1

0)
0.

03
0.

01
 (0

.1
1)

0.
02

 (0
.1

3)
−

0.
05

D
ia

b
et

es
*

0.
31

 (0
.4

6)
0.

32
 (0

.4
7)

−
0.

03
0.

31
 (0

.4
6)

0.
32

 (0
.4

7)
−

0.
02

D
ia

b
et

es
 w

ith
 c

om
p

lic
at

io
ns

*
0.

09
 (0

.2
9)

0.
11

 (0
.3

1)
−

0.
04

0.
09

 (0
.2

9)
0.

10
 (0

.3
0)

−
0.

01

M
od

er
at

e–
 se

ve
re

 li
ve

r 
d

is
ea

se
*

0.
00

 (0
.0

5)
0.

00
 (0

.0
5)

−
0.

01
0.

00
 (0

.0
5)

0.
00

 (0
.0

7)
−

0.
02

M
ild

 li
ve

r 
d

is
ea

se
*

0.
01

 (0
.1

2)
0.

01
 (0

.1
2)

0.
00

0.
02

 (0
.1

3)
0.

01
 (0

.1
2)

0.
01

H
em

ip
le

gi
a 

or
 p

ar
ap

le
gi

a*
0.

01
 (0

.1
1)

0.
01

 (0
.0

8)
0.

04
0.

01
 (0

.0
8)

0.
01

 (0
.0

9)
−

0.
02

M
od

er
at

e–
 se

ve
re

 r
en

al
 

d
is

ea
se

*
0.

08
 (0

.2
7)

0.
10

 (0
.3

0)
−

0.
06

0.
08

 (0
.2

7)
0.

09
 (0

.2
8)

−
0.

02

P
er

ip
he

ra
l v

as
cu

la
r 

d
is

ea
se

*
0.

23
 (0

.4
2)

0.
23

 (0
.4

2)
0.

01
0.

23
 (0

.4
2)

0.
21

 (0
.4

1)
0.

04

R
he

um
at

ol
og

ic
 d

is
ea

se
*

0.
05

 (0
.2

2)
0.

07
 (0

.2
5)

−
0.

07
0.

05
 (0

.2
2)

0.
05

 (0
.2

2)
0.

01

P
ep

tic
 u

lc
er

 d
is

ea
se

*
0.

04
 (0

.2
0)

0.
04

 (0
.1

9)
0.

01
0.

04
 (0

.1
9)

0.
04

 (0
.1

8)
0.

01

A
ID

S
*

0.
00

 (0
.0

0)
0.

00
 (0

.0
3)

−
0.

04
0.

00
 (0

.0
0)

0.
00

 (0
.0

0)

S
m

ok
in

g*
0.

48
 (0

.5
0)

0.
53

 (0
.5

0)
−

0.
08

0.
48

 (0
.5

0)
0.

46
 (0

.5
0)

0.
04

H
yp

er
te

ns
io

n*
0.

84
 (0

.3
7)

0.
84

 (0
.3

6)
−

0.
01

0.
84

 (0
.3

7)
0.

85
 (0

.3
6)

−
0.

03

Fu
nc

tio
n-

 re
la

te
d 

in
d

ic
at

or
s†  

(in
 y

ea
r 

b
ef

or
e 

in
d

ex
 c

an
ce

r 
d

ia
gn

os
is

)

To
ta

l n
um

b
er

 o
f f

un
ct

io
na

l 
im

pa
irm

en
ts

†
0.

74
 (1

.0
4)

0.
75

 (1
.0

1)
−

0.
01

0.
69

 (0
.9

9)
0.

66
 (0

.8
8)

0.
04

A
ny

 m
ob

ili
ty

 li
m

ita
tio

n†
0.

04
 (0

.1
9)

0.
04

 (0
.1

8)
0.

01
0.

04
 (0

.1
9)

0.
03

 (0
.1

8)
0.

03

S
up

p
le

m
en

ta
l o

xy
ge

n†
0.

05
 (0

.2
1)

0.
04

 (0
.2

1)
0.

02
0.

04
 (0

.2
1)

0.
04

 (0
.2

1)
0.

00

S
up

p
le

m
en

ta
l n

ut
rit

io
n†

0.
00

 (0
.0

0)
0.

00
 (0

.0
5)

−
0.

07
0.

00
 (0

.0
0)

0.
00

 (0
.0

0)

Ta
b

le
 1

. 
C

o
n

ti
n

u
e

d

 (C
on

tin
ue

d
)



J Am Heart Assoc. 2022;11:e027288. DOI: 10.1161/JAHA.122.027288 8

Herbach et al Cardiac Toxicity in Stage III Lung Cancer Therapy

B
ef

o
re

 m
at

ch
in

g
 (n

=
22

31
)

A
ft

er
 m

at
ch

in
g

¶
 (n

=1
36

4)

C
o

va
ri

at
e

C
h

em
o

ra
d

ia
ti

o
n 

(N
=

80
3)

 
m

ea
n 

(S
D

)
C

h
em

o
th

er
ap

y 
o

n
ly

 
(N

=1
42

8)
 m

ea
n 

(S
D

)
S

ta
n

d
ar

d
iz

ed
 

d
if

fe
re

n
ce

C
h

em
o

ra
d

ia
ti

o
n 

(N
=

68
2)

 
m

ea
n 

(S
D

)
C

h
em

o
th

er
ap

y 
o

n
ly

 
(N

=
68

2)
 m

ea
n 

(S
D

)
S

ta
n

d
ar

d
iz

ed
 

d
if

fe
re

n
ce

C
at

he
te

r 
(in

te
rn

al
 o

r 
ex

te
rn

al
)†

0.
02

 (0
.1

7)
0.

00
 (0

.0
6)

0.
13

0.
01

 (0
.0

9)
0.

00
 (0

.0
7)

0.
02

H
ip

 o
r 

p
el

vi
c 

fr
ac

tu
re

†
0.

01
 (0

.0
9)

0.
01

 (0
.0

8)
0.

01
0.

01
 (0

.0
8)

0.
00

 (0
.0

5)
0.

04

C
hr

on
ic

 s
ki

n 
ul

ce
r†

0.
02

 (0
.1

3)
0.

02
 (0

.1
4)

−
0.

02
0.

01
 (0

.1
2)

0.
02

 (0
.1

3)
−

0.
01

P
ne

um
on

ia
†

0.
17

 (0
.3

7)
0.

17
 (0

.3
7)

0.
00

0.
15

 (0
.3

5)
0.

14
 (0

.3
5)

0.
00

D
el

iri
um

, d
em

en
tia

, a
nd

 
A

lz
he

im
er

’s
†

0.
03

 (0
.1

8)
0.

03
 (0

.1
8)

−
0.

00
0.

03
 (0

.1
8)

0.
03

 (0
.1

7)
0.

02

B
on

e 
m

ar
ro

w
 fa

ilu
re

 o
r 

ag
ra

nu
lo

cy
to

si
s†

0.
01

 (0
.0

9)
0.

01
 (0

.1
0)

−
0.

03
0.

01
 (0

.0
8)

0.
00

 (0
.0

7)
0.

02

D
ep

re
ss

io
n†

0.
09

 (0
.2

9)
0.

10
 (0

.3
1)

−
0.

04
0.

09
 (0

.2
9)

0.
09

 (0
.2

9)
0.

00

R
es

p
ira

to
ry

 fa
ilu

re
†

0.
03

 (0
.1

8)
0.

04
 (0

.1
9)

−
0.

02
0.

03
 (0

.1
8)

0.
02

 (0
.1

6)
0.

04

S
ep

si
s†

0.
02

 (0
.1

3)
0.

01
 (0

.1
1)

0.
03

0.
01

 (0
.1

1)
0.

02
 (0

.1
3)

−
0.

02

M
al

nu
tr

iti
on

 a
nd

 u
ni

nt
en

d
ed

 
w

ei
gh

t l
os

s†
0.

07
 (0

.2
5)

0.
06

 (0
.2

4)
0.

04
0.

06
 (0

.2
4)

0.
05

 (0
.2

3)
0.

04

Fa
ll-

 re
la

te
d 

in
ju

ry
†

0.
14

 (0
.3

4)
0.

17
 (0

.3
7)

−
0.

08
0.

15
 (0

.3
5)

0.
14

 (0
.3

5)
0.

01

S
yn

co
p

e†
0.

05
 (0

.2
2)

0.
05

 (0
.2

2)
−

0.
01

0.
05

 (0
.2

1)
0.

04
 (0

.2
0)

0.
03

N
C

I i
nd

ic
at

es
 N

at
io

na
l C

an
ce

r 
In

st
itu

te
.

*C
om

or
b

id
 c

on
d

iti
on

s 
w

er
e 

co
ns

tr
uc

te
d 

ov
er

 t
he

 f
ul

l p
er

io
d 

b
ef

or
e 

d
ia

gn
os

is
 (

m
in

im
um

 1
 y

ea
r),

 g
en

er
at

ed
 d

ur
in

g 
co

m
p

ut
at

io
n 

of
 t

he
 N

C
I c

om
or

b
id

ity
 in

d
ex

. 
D

ef
in

iti
on

s 
ar

e 
d

es
cr

ib
ed

 w
ith

 t
he

 c
om

or
b

id
ity

 in
d

ex
 

d
oc

um
en

ta
tio

n.
16

† F
un

ct
io

n-
 re

la
te

d 
in

d
ic

at
or

s17
 w

er
e 

co
ns

tr
uc

te
d 

fo
r 

th
e 

ye
ar

 b
ef

or
e 

d
ia

gn
os

is
.

‡ D
ur

in
g 

ex
p

os
ur

e 
as

se
ss

m
en

t w
in

d
ow

.
§ U

si
ng

 c
od

es
 in

 T
ab

le
 S

2,
 e

ve
nt

 w
as

 c
on

si
d

er
ed

 t
o 

ha
ve

 o
cc

ur
re

d 
if 

a 
d

ia
gn

os
is

 c
od

e 
w

as
 p

re
se

nt
 o

n 
1 

in
pa

tie
nt

 s
ta

y 
or

 2
 o

ut
pa

tie
nt

 e
nc

ou
nt

er
s 

se
pa

ra
te

d 
by

 a
t 

le
as

t 
30

 d
ay

s 
b

ut
 n

ot
 m

or
e 

th
an

 3
65

 d
ay

s 
or

 b
y 

th
e 

p
re

se
nc

e 
of

 a
 p

ro
ce

d
ur

e 
co

d
e 

in
 a

ny
 p

os
iti

on
 o

n 
an

y 
cl

ai
m

 t
yp

e.
ǁ B

as
ed

 o
n 

m
aj

or
 a

d
ve

rs
e 

ca
rd

ia
c 

ev
en

ts
 v

ar
ia

b
le

 d
ef

in
iti

on
s 

(T
ab

le
 S

2)
.

¶
Th

e 
fo

llo
w

in
g 

co
va

ria
te

s 
w

er
e 

in
cl

ud
ed

 in
 t

he
 p

ro
p

en
si

ty
 s

co
re

 m
od

el
: t

um
or

 s
iz

e,
 n

od
al

 s
ta

tu
s,

 A
m

er
ic

an
 J

oi
nt

 C
om

m
itt

ee
 o

n 
C

an
ce

r 
su

bs
ta

ge
, l

ow
- in

co
m

e 
su

bs
id

y,
 s

m
ok

in
g,

 h
yp

er
te

ns
io

n,
 c

om
or

b
id

 c
on

d
iti

on
s3 ,

 
N

C
I c

om
or

b
id

ity
 in

d
ex

, f
un

ct
io

n-
 re

la
te

d 
in

d
ic

at
or

s,
4  

fr
ai

lty
 s

um
m

ar
y 

sc
or

e,
 im

m
un

ol
og

ic
 o

r 
ho

rm
on

al
 t

he
ra

p
ie

s2  
d

ur
in

g 
th

e 
ex

p
os

ur
e 

as
se

ss
m

en
t 

w
in

d
ow

, a
ge

 a
t 

d
ia

gn
os

is
, a

nd
 c

ar
d

ia
c 

co
nd

iti
on

s 
p

re
se

nt
 a

t 
ba

se
lin

e.
 

A
d

d
iti

on
al

ly
, p

ai
rs

 w
er

e 
re

q
ui

re
d 

to
 h

av
e 

an
 e

xa
ct

 m
at

ch
 o

n 
la

te
ra

lit
y 

an
d 

ye
ar

 o
f d

ia
gn

os
is

.
# O

nc
ol

og
ic

 th
er

ap
ie

s 
w

er
e 

ca
te

go
riz

ed
 b

as
ed

 o
n 

th
e 

C
an

ce
r M

ed
ic

at
io

ns
 E

nq
ui

ry
 D

at
ab

as
e 

av
ai

la
b

le
 a

t h
tt

ps
://

se
er

.c
an

ce
r.g

ov
/o

nc
ol

 og
yt

o o
lb

ox
/ c

an
m

e d
/. 

Th
e 

m
os

t c
om

m
on

 im
m

un
ol

og
y 

th
er

ap
ie

s 
w

er
e 

m
on

oc
lo

na
l 

an
tib

od
y 

ta
rg

et
ed

 t
he

ra
p

ie
s 

(8
7.

6%
), 

m
os

t 
co

m
m

on
ly

 b
ev

ac
iz

um
ab

 (
60

.5
%

 o
f 

al
l b

io
lo

gi
cs

) 
an

d 
d

en
os

um
ab

 (1
4.

2%
). 

H
or

m
on

al
 t

he
ra

py
 c

on
si

st
ed

 o
f 

co
rt

ic
os

te
ro

id
s 

(9
6.

5%
), 

so
m

at
os

ta
tin

 a
na

lo
gu

s 
(1

.9
%

), 
ho

rm
on

e 
b

lo
ck

er
s 

(1
.3

%
), 

an
d 

m
is

ce
lla

ne
ou

s 
ho

rm
on

es
 n

ot
 o

th
er

w
is

e 
sp

ec
ifi

ed
 (0

.3
%

). 
Im

m
un

ol
og

ic
 a

nd
 h

or
m

on
al

 th
er

ap
y 

d
ef

in
iti

on
s 

ar
e 

p
ro

vi
d

ed
 in

 T
ab

le
 S

2.
††

O
th

er
 r

ac
e 

in
cl

ud
es

 A
m

er
ic

an
 In

d
ia

n/
A

la
sk

a 
N

at
iv

e,
 A

si
an

 o
r 

P
ac

ifi
c 

Is
la

nd
er

, u
nk

no
w

n.

Ta
b

le
 1

. 
C

o
n

ti
n

u
e

d

https://seer.cancer.gov/oncologytoolbox/canmed/


J Am Heart Assoc. 2022;11:e027288. DOI: 10.1161/JAHA.122.027288 9

Herbach et al Cardiac Toxicity in Stage III Lung Cancer Therapy

Ta
b

le
 2

. 
C

u
m

u
la

ti
ve

 In
c

id
e

n
c

e 
o

f 
S

ev
e

re
 C

a
rd

ia
c 

E
ve

n
ts

 b
y 

Tr
ea

tm
e

n
t 

G
ro

u
p

 in
 t

h
e 

P
ro

p
e

n
si

ty
 S

co
re

- M
at

c
h

e
d

 C
o

h
o

rt
 (n

=1
36

4)

O
ve

ra
ll 

(n
=1

36
4)

C
h

em
o

ra
d

ia
ti

o
n 

(n
=

68
2)

C
h

em
o

th
er

ap
y 

o
n

ly
 (n

=
68

2)

N
u

m
b

er
 o

f 
ev

en
ts

 in
 

fu
ll 

fo
llo

w
- u

p
 p

er
io

d
 

(n
u

m
b

er
 w

it
h

in
 2

 y
ea

rs
 o

f 
fo

llo
w

- u
p

)
2-

 ye
ar

 c
u

m
u

la
ti

ve
 

in
ci

d
en

ce
* 

(9
5%

 C
I)

N
u

m
b

er
 o

f 
ev

en
ts

 in
 

fu
ll 

fo
llo

w
- u

p
 p

er
io

d
 

(n
u

m
b

er
 w

it
h

in
 2

 y
ea

rs
 o

f 
fo

llo
w

- u
p

)
2-

 ye
ar

 c
u

m
u

la
ti

ve
 

in
ci

d
en

ce
* 

(9
5%

 C
I)

N
u

m
b

er
 o

f 
ev

en
ts

 in
 

fu
ll 

fo
llo

w
- u

p
 p

er
io

d
 

(n
u

m
b

er
 w

it
h

in
 2

 y
ea

rs
 o

f 
fo

llo
w

- u
p

)
2-

 ye
ar

 c
u

m
u

la
ti

ve
 

in
ci

d
en

ce
* 

(9
5%

 C
I)

S
um

m
ar

y 
ca

rd
ia

c 
ev

en
t i

nd
ic

at
or

s

A
ny

 M
A

C
E

 o
r 

C
TC

A
E

11
3 

(9
2)

12
.1

 (9
.7

– 1
4.

8)
70

 (5
7)

13
.4

 (1
0.

2–
 17

.1
)

43
 (3

5)
10

.7
 (7

.4
– 1

4.
9)

A
ny

 M
A

C
E

55
 (4

0)
5.

1 
(3

.6
– 7

.0
)

29
 (2

2)
5.

2 
(3

.2
– 7

.7
)

26
 (1

8)
5.

2 
(2

.9
– 8

.3
)

A
ny

 C
TC

A
E

95
 (7

6)
10

.1
 (7

.9
– 1

2.
6)

60
 (4

8)
11

.4
 (8

.4
– 1

4.
9)

35
 (2

8)
8.

8 
(5

.7
– 1

2.
7)

N
on

ca
rd

ia
c 

d
ea

th
 

(c
om

p
et

in
g 

ev
en

t)
26

3 
(2

11
)

31
.3

 (2
7.

5
– 3

5.
2)

19
4 

(1
52

)
42

.1
 (3

6.
5

– 4
7.

6)
69

 (5
9)

18
.2

 (1
3.

8
– 2

3.
15

)

In
d

iv
id

ua
l M

A
C

E
 e

ve
nt

s

A
cu

te
 M

I
23

 (1
8)

2.
3 

(1
.4

– 3
.7

)
12

 (<
11

)†
1.

8 
(0

.8
– 3

.4
)

11
 (<

11
)†

3 
(1

.4
– 5

.7
)

H
os

p
ita

liz
ed

 h
ea

rt
 

fa
ilu

re
16

 (1
1)

1.
6 

(0
.8

– 2
.8

)
<1

1 
(<

11
)†

2 
(0

.9
– 3

.9
)

<1
1 

(<
11

)†
1.

1 
(0

.3
– 2

.9
)

H
os

p
ita

liz
ed

 is
ch

em
ic

 
he

ar
t d

is
ea

se
 (o

th
er

 
th

an
 a

cu
te

 M
I)

<1
1 

(<
11

)†
0.

37
 (0

.1
– 0

.9
)

<1
1 

(<
11

)†
0.

4 
(0

.1
– 1

.4
)

<1
1 

(<
11

)†
0.

3 
(0

.1
– 1

.1
)

P
er

cu
ta

ne
ou

s 
co

ro
na

ry
 

in
te

rv
en

tio
n/

co
ro

na
ry

 
ar

te
ry

 b
yp

as
s 

gr
af

t

13
 (<

11
)†

1 
(0

.4
– 2

.1
)

<1
1 

(<
11

)†
0.

5 
(0

.1
– 1

.3
)

<1
1 

(<
11

)†
1.

7 
(0

.5
– 4

.3
)

C
ar

d
ia

c 
d

ea
th

11
 (<

11
)†

0.
9 

(0
.3

– 1
.8

)
<1

1 
(<

11
)†

0.
9 

(0
.2

– 2
.5

)
<1

1 
(<

11
)†

0.
8 

(0
.3

– 1
.9

)

In
d

iv
id

ua
l C

TC
A

E
 e

ve
nt

s

P
er

ic
ar

d
ia

l d
is

ea
se

<1
1 

(<
11

)†
0.

9 
(0

.3
– 1

.8
)

<1
1 

(<
11

)†
0.

9 
(0

.2
– 2

.4
)

<1
1 

(<
11

)†
0.

8 
(0

.2
– 2

.4
)

A
ny

 c
on

d
uc

tio
n 

ab
no

rm
al

ity
51

 (4
5)

6.
2 

(4
.4

– 8
.3

)
35

 (3
1)

7.
5 

(5
.1

– 1
0.

6)
16

 (1
4)

4.
6 

(2
.5

– 7
.7

)

A
tr

ia
l f

ib
ril

la
tio

n
32

 (3
1)

4.
3 

(2
.9

– 6
.1

)
<

30
 (<

25
)†

6.
1 

(3
.9

– 9
.0

)
<1

1 
(<

11
)†

2.
2 

(0
.9

– 4
.5

)

H
ea

rt
 fa

ilu
re

, 
ca

rd
io

m
yo

pa
th

y,
 a

nd
 

m
yo

ca
rd

iti
s

16
 (<

11
)†

1.
6 

(0
.8

– 2
.8

)
<1

1 
(<

11
)†

2 
(0

.9
– 3

.9
)

<1
1 

(<
11

)†
1.

1 
(0

.3
– 2

.9
)

Is
ch

em
ic

 h
ea

rt
 d

is
ea

se
20

 (1
4)

1.
8 

(0
.9

– 3
.0

)
<1

1 
(<

11
)†

1.
1 

(0
.4

– 1
.8

)
>1

1 
(<

11
)†

2.
7 

(1
.1

– 5
.5

)

Va
lv

e 
d

is
or

d
er

s 
or

 
th

or
ac

ic
 a

or
tic

 d
is

ea
se

<1
1 

(<
11

)†
0.

5 
(0

.1
– 1

.6
)

<1
1 

(<
11

)†
0.

4 
(0

.1
– 1

.4
)

<1
1 

(<
11

)†
0.

7 
(0

.1
– 3

.5
)

C
TC

A
E

 in
d

ic
at

es
 c

lin
ic

al
 tr

ia
l c

om
m

on
 a

d
ve

rs
e 

ev
en

t; 
M

A
C

E,
 m

aj
or

 a
d

ve
rs

e 
ca

rd
ia

c 
ev

en
ts

; a
nd

 M
I, 

m
yo

ca
rd

ia
l i

nf
ar

ct
io

n.
*C

um
ul

at
iv

e 
in

ci
d

en
ce

 p
er

ce
nt

 is
 c

al
cu

la
te

d 
ba

se
d 

on
 th

e 
Fi

ne
– G

ra
y 

C
om

p
et

in
g 

R
is

ks
 M

od
el

’s
 c

um
ul

at
iv

e 
in

ci
d

en
ce

 fu
nc

tio
n 

p
ro

ba
b

ili
ty

 e
st

im
at

e.
 T

he
 2

- y
ea

r c
um

ul
at

iv
e 

in
ci

d
en

ce
 re

fle
ct

s 
ou

tc
om

es
 o

bs
er

ve
d 

d
ur

in
g 

ea
ch

 p
at

ie
nt

’s
 a

va
ila

b
le

 fo
llo

w
- u

p,
 w

ith
 a

 m
ax

im
um

 o
f 2

 y
ea

rs
 o

f f
ol

lo
w

- u
p 

af
te

r 
d

ia
gn

os
is

. P
at

ie
nt

s 
w

ith
 m

or
e 

th
an

 2
 y

ea
rs

 o
f d

at
a 

av
ai

la
b

le
 w

er
e 

ce
ns

or
ed

 a
t 

th
e 

2-
 ye

ar
 m

ar
k 

(ie
, e

ve
nt

s 
or

 o
ut

co
m

es
 a

ft
er

 2
 y

ea
rs

 fr
om

 
d

ia
gn

os
is

 w
er

e 
no

t e
va

lu
at

ed
).

†  V
al

ue
 s

up
p

re
ss

ed
 o

r c
oa

rs
en

ed
 fo

r c
on

fid
en

tia
lit

y 
p

er
 th

e 
S

ur
ve

ill
an

ce
, E

p
id

em
io

lo
gy

, a
nd

 E
nd

 R
es

ul
ts

- M
ed

ic
ar

e 
d

at
a 

us
e 

ag
re

em
en

t, 
w

hi
ch

 is
 a

ls
o 

co
ns

is
te

nt
 w

ith
 th

e 
C

en
te

rs
 fo

r M
ed

ic
ar

e 
&

 M
ed

ic
ai

d 
ce

ll 
si

ze
 p

ol
ic

y.



J Am Heart Assoc. 2022;11:e027288. DOI: 10.1161/JAHA.122.027288 10

Herbach et al Cardiac Toxicity in Stage III Lung Cancer Therapy

laterality SDHR was 1.46 (95% CI, 0.86– 2.50) and right- 
sided laterality SDHR was 1.38 (95% CI, 0.83– 2.29). 
Compared with chemotherapy- only and right- sided lat-
erality, the HRs for chemo- radiation and left- sided later-
ality were CSHR, 1.91 (95% CI, 1.12– 3.25) and SDHR, 
1.68 (95% CI, 0.99– 2.85).

DISCUSSION
In this population- based study of Medicare ben-
eficiaries with surgically treatable stage III NSCLC, 
we observed an increased risk of severe cardiac 
events associated with chemo- radiation compared 
with chemotherapy only and noted a high risk within 

2 years of follow- up. This risk occurred in the context 
of an already high prevalence of baseline cardiac co-
morbidity. Examination of specific cardiac conditions 
suggested that areas of particular vulnerability may 
include conduction abnormalities, atrial arrhythmias, 
and heart failure, though sample size was too small to 
be conclusive.

The CSHRs for the 2 competing events (cardiac 
events and noncardiac death) were in the same di-
rection. Compared with chemotherapy alone, chemo- 
radiation was significantly associated with an increase 
in the rate of severe cardiac events as well as an in-
crease in rate of noncardiac death. These results were 
comparable to the cumulative incidence analyses (ie, 
SDHRs). This knowledge helps inform how the impact 

Table 3. Survival Analysis of Severe Cardiac Outcomes and Noncardiac Death by Chemoradiation vs Chemotherapy- Only 
in the Propensity Score- Matched Cohort (n=1364)

Outcome

Model Severe cardiac event Noncardiac death (competing event)

Cause- specific hazard ratio (95% CI),Wald P value 1.62 (1.11– 2.37), P=0.0128 2.53 (1.93– 3.33), P<0.0001

Subdistribution hazard ratio (95% CI), Wald P value 1.41 (0.97– 2.04), P=0.0692 2.52 (1.90– 3.33), P<0.0001

Figure 2. Time to severe cardiac event and to competing event (noncardiac death) curves in propensity score- matched 
cohort (n=1364).
A, Cause- specific hazards of a severe cardiac event. B, Cumulative incidence (Fine– Gray) of severe cardiac events. C, Cause- specific 
hazards of noncardiac death (the competing event). D, Cumulative incidence (Fine– Gray) of noncardiac death. Tabular insets provide 
the number of patients in the risk set at key time interval (in years) for cause- specific hazards models.
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of radiation on the cumulative incidence of cardiac 
events is interpreted. A higher rate of cardiac events 
accompanied by a higher competing rate of death im-
plies that we will observe fewer cardiac events by the 
end of the study. Because both the cause- specific and 
the cumulative incidence analyses are consistent with 
each other, this bolsters the inference that the effect 
of radiation on severe cardiac events when added to 
chemotherapy cannot be the result of an indirect pro-
tective effect on the competing event.

The increased rate of noncardiac death among 
recipients of chemo- radiation suggests more exten-
sive disease in this treatment group even though the 
matched groups were well balanced on stage and 
nodal status. Although no direct indication of cancer 
progression is available in SEER- Medicare, respiratory 
neoplasms were coded as the underlying cause of 
death for 84% of all noncardiac deaths, with no sta-
tistically significant differences between patients who 
had chemo- radiation versus chemotherapy only in 
respiratory neoplasm, nonrespiratory neoplasm, and 
non- neoplasm cause of death (among people who had 
died and not died of cardiac death).

We explored whether the difference in rate of car-
diac events between recipients of chemo- radiation 
and chemotherapy only was greater among patients 
with left- sided laterality. Although we did not expect 
laterality to have any direct effect on cardiac event 
risk or survival,23 we did theorize that left- sided lat-
erality would correlate with a greater dose to the 
heart on average. The positive relative excess risk 
due to interaction indicated there was some evi-
dence to support this. Because laterality is an imper-
fect proxy for heart dose, this likely underestimates 
the excess risk for some patients with left- sided dis-
ease. Factors that may moderate mean heart dose 
include tumor location, heart volume, total radiother-
apy dose, 3- dimensional conformal radiation therapy 
plus intensity- modulated radiation therapy compared 
with stereotactic body radiation therapy, and provider 
practices related to treatment planning for normal tis-
sue dose constraints.6,24

There have been previous SEER- Medicare or 
SEER- only cohort studies of cardiac outcomes among 
survivors of lung cancer.11,12,24,25 In 1 study of 807 pa-
tients treated with chemotherapy who were propensity 
score- matched to 807 who received chemotherapy 
plus radiation for small- cell lung cancer diagnosed 
during 2000 to 2011,11 an association between the 
addition of radiation therapy and a composite of car-
diac events was found (HR, 1.20 [95% CI, 1.06– 1.37]; 
P=0.005). The composite outcome included acute 
myocardial infarction or any acute heart disease, car-
diomyopathy, dysrhythmia, heart failure, or pericarditis. 
A second SEER- Medicare study12 included patients of 
any stage diagnosed with NSCLC between 1991 and 
2002 and followed through 2005 to identify ischemic 
heart disease, cardiomyopathy, conduction disorders, 
cardiac dysfunction, and heart failure. Compared with 
receiving neither chemotherapy nor radiation therapy, 
chemo- radiation was associated with increased risks 
of conduction disorders, cardiac dysfunction, and 
heart failure, and this was further increased when ra-
diation was delivered to the left lung. Chemo- radiation 
was not directly compared with chemotherapy only 
in the study; however, for cardiac dysfunction the HR 
(HR, 2.36 [95% CI, 1.91– 2.92]) exceeded that in the 
chemotherapy- only group (HR, 1.58 [95% CI, 1.36– 
1.83]). One recent study of the unlinked SEER data-
base examined the association between postoperative 
radiotherapy and cardiac- related mortality among 
7290 patients with stage IIIA- N2 NSCLC from 1988 to 
2016. Postoperative radiotherapy use was not associ-
ated with an increase in the hazard for cardiac- related 
mortality (SDHR, 0.99 [95% CI, 0.78– 1.24], P=0.91).24 
The study lacked data on comorbid conditions, smok-
ing history, chemotherapy use, and radiation therapy 
dose. Liu et al25 evaluated the effects of laterality in a 
radiation- treated SEER- Medicare cohort with stage I- 
IIa NSCLC from 1994 to 2014 and found left- side lat-
erality to be associated with a higher rate of cardiac 
events when treated with 3- dimensional conformal ra-
diation therapy plus intensity- modulated radiation ther-
apy but not stereotactic body radiation therapy.

Table 4. Modification of the Effect of Chemo- radiation on Severe Cardiac Outcomes by Laterality

Chemotherapy only hazard 
ratio (95% CI), Wald P value

Chemo- radiation hazard 
ratio (95% CI), Wald  
P value

Chemo radiation vs chemotherapy only 
within strata of laterality hazard ratio 
(95% CI), Wald P value

Cause- specific hazard model*

Right laterality (n=822) 1.0 (reference) 1.59 (0.95– 2.68) P=0.0801 1.59 (0.95– 2.68) P=0.0798

Left laterality (n=542) 1.15 (0.63– 2.10) P=0.6430 1.91 (1.12– 3.25) P=0.0175 1.64 (0.94– 2.86) P=0.0814

Subdistribution hazard model†

Right laterality (n=822) 1.0 (reference) 1.34 (0.80– 2.27) P=0.2700 1.38 (0.83– 2.29) P=0.2151

Left laterality (n=542) 1.13 (0.62– 2.03) P=0.6936 1.68 (0.99– 2.85) P=0.0532 1.46 (0.86– 2.50) P=0.1618

RERI indicates relative excess risk due to interaction.
*Cause- specific hazard measure of effect modification: RERI, 0.16 [95% CI, −0.87 to 1.19] P=0.7567.
† Subdistribution hazard measure of effect modification: RERI, 0.21, [95% CI, −0.70 to 1.13], P=0.6487.
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Recently, Atkins et al9 recommended early recogni-
tion and treatment of cardiovascular events and efforts 
to avoid high cardiac radiotherapy dose based on find-
ings from their 2- institution case series medical record 
review of 748 patients treated with radiation from 1998 
to 2014 with locally advanced (unresectable stage II or 
any stage III) NSCLC. Our estimate for 2- year cumula-
tive incidence of any MACE (5.2%) was similar to theirs 
(5.8%), and our estimate for CTCAE (11.4% among pa-
tients treated with chemo- radiation) was lower than 
theirs (26.3%). This difference is likely because we re-
quired an acute care encounter for our CTCAE definition. 
They furthermore calculated mean whole- heart dose for 
each patient and found this dose was associated with 
significantly increased risk of any MACE and any grade 
3 or greater CTCAE. Of note, in their cohort only one- 
third had been surgically treated, and the vast major-
ity received both chemotherapy and radiation therapy. 
Chemo- radiation is recommended for patients who are 
nonresectable whereas the benefit of chemo- radiation 
is less certain for patients who are resectable.26

Radiation to lung tumors will often result in uninten-
tional radiation to the heart. This radiation can cause 
pericardial, ischemic, valvular, myocardial, and con-
duction system disease as well as autonomic changes, 
cardiomyopathy, arrhythmias, and heart failure.27,28 
Numerous acute and chronic pathologic mecha-
nisms29 have been identified leading to cellular dam-
age and resultant cell loss, inflammation, and fibrosis 
that can affect any heart structure. Endothelial injury, 
inflammation and oxidative stress, and endoplasmic re-
ticulum and mitochondrial dysfunction are all implicated 
pathways.28 These effects vary in the timeline to clinical 
presentation and are dose related. Radiation has both 
acute and chronic effects on the pericardium, myocar-
dium, and conduction system but may accelerate or 
exacerbate clinical symptoms of prevalent heart condi-
tions. Although heart failure, arrhythmias, and valvular 
effects may require years to manifest clinically, radiation 
may also accelerate or exacerbate clinical symptoms of 
any type of preexisting heart condition. Therapeutic op-
portunities to prevent or treat radiation- induced heart 
disease are being investigated, including antioxidants, 
anti- inflammatory drugs, statins, cardioprotective drugs, 
renin- angiotensin- aldosterone system inhibitors, and a 
variety of novel pharmacologic therapies.29

Our safety findings are relevant to clinical decision- 
making for surgically treatable stage III NSCLC because 
clinical trials have not documented a clear benefit of 
chemo- radiation over chemotherapy only for these pa-
tients.26 We found that, before matching, patients treated 
with chemo- radiation had larger tumor size and more 
extensive nodal status, suggesting that providers tend to 
select chemo- radiation for patients with more extensive 
disease. Similarly, even after matching, chemo- radiation 
was associated with a greater rate of noncardiac death, 

suggesting treatment sorting based on unmeasured 
lung cancer severity. Whether this reflects patient prefer-
ences for a tradeoff of potential lung cancer survival gain 
against severe cardiac events is not known.

Potential limitations of our study include limitations 
inherent with claims data and the observational design. 
Measurement error of treatment or cardiac outcomes 
is possible when using claims data. Our radiation and 
chemotherapy treatment measures were based on 
procedure codes that are high quality because they 
determine reimbursement. However, we could not as-
sess the total radiation dose, fractions, or number of 
cycles delivered. The impact of radiation dosimetry on 
cardiac volume and individualized coronary substruc-
tures is also unavailable in claims data. Additionally, we 
included all chemotherapy regimens, and some che-
motherapy types may have a lower risk of cardiac toxic-
ity.30 This imprecision would tend to underestimate the 
magnitude of associations. A limitation of retrospective 
analyses of claims data and a composite end point pre-
cludes inferences about how tradeoffs between car-
diotoxicity and cancer efficacy were considered during 
clinical decision- making. Practical considerations lim-
ited examination of distinct cardiac events; reliance on a 
composite outcome generalizes across types of cardiac 
events with different levels of clinical importance and 
expected frequency.31 However, the composite car-
diac outcomes used in this study are well- established 
and accepted measures with particular merits in this 
context. We minimized measurement error for cardiac 
outcome definitions by employing algorithms with the 
best available positive predictive values and by includ-
ing only severe events identified from hospital stays or 
other urgent care settings. A limitation of the observa-
tional design is that treatment was not randomized, and 
we cannot fully rule out the possibility that unmeasured 
cardiac risk factors rather than radiation itself may have 
explained the higher observed risks. However, the 2 
treatment groups were already well balanced before 
matching on a large number of frailty and cardiac risk 
factors, and propensity score matching achieved excel-
lent balance on all covariates, including smoking and 
other cancer treatments.

Generalizability of our findings is both a strength 
because of population- based representation and a 
limitation because of excluded segments of the pop-
ulation. Our data were limited to patients over age 65 
and may not generalize quantitatively to younger pa-
tients. Because of our desire to reflect more contem-
porary treatment practices, we included only patients 
diagnosed from 2007 and after. This affected available 
sample size and limited power for subgroup analyses 
and analyses of individual cardiac outcome types. 
Inferences can be made only for those who survived 
the 121- day exposure assessment window. However, 
the typical time from radiation treatment to onset of 
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cardiac side effects is typically months to years9,32 so 
this is a minor limitation. This design feature is also 
a strength because it addresses immortal time bias. 
Finally, inferences can be made only for those who 
could be propensity score matched (see Table S5 for 
comparison with patients who could not be matched). 
However, this is also a strength in that it avoids gen-
eralizing a treatment effect to patients with a very low 
likelihood of receiving a particular treatment.

Strengths of this study include that it is population 
based and examines the comparative effects among 
surgically resectable treatment groups where safety 
may influence decision- making because efficacy of 
adding radiation therapy is uncertain.9 In addition, 
these results reflect more recent treatment years and 
use a propensity score- matched study design to bal-
ance treatment groups on a detailed list of cardiac risk 
and function- related factors. Finally, we conducted both 
cause- specific survival analysis and cumulative inci-
dence (ie, competing risk) analysis to understand the 
potential clinical relevance of any increased cardiac risk 
from radiation therapy given the competing risk of death 
from noncardiac causes (predominantly lung cancer).

CONCLUSIONS
The rate of cardiovascular disease among cancer sur-
vivors is higher than in the general population because 
of traditional cardiovascular risk factors, advancing 
age, and cardiotoxicity of cancer treatment. In this 
population- based retrospective cohort study during 
a contemporary treatment era, patients who received 
adjuvant or neoadjuvant chemotherapy plus radia-
tion for their surgically treatable stage III NSCLC had a 
31% higher (8.7% versus 6.3%) rate of severe cardiac 
events compared with those who received chemother-
apy only during a median of 13 months of follow- up, 
with corresponding 2- year cumulative incidences of 
any severe cardiac event of 13.4% and 10.7%, respec-
tively. If chemo- radiation confers survival benefits over 
chemotherapy alone, patients may feel that this is a risk 
worth taking. Opportunities to reduce that risk require 
investigation, including calculated dosimetry, stricter 
cardiac dose constraints, guidelines for cardiac risk 
assessment and monitoring, and repurposed or novel 
preventive and cardioprotective pharmacotherapies.
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Table S1. Primary study variable definitions 

Variable Code list name 
(referred to in Table 
S2) 

Claim types & 
Code position 

Operational Definition 

Exposures 

Radiation Radiation All claim types, 
any code position 

One or more codes during 
exposure assessment window 

Chemotherapy Chemotherapy All claim types, 
any code position 

One or more codes during 
exposure assessment window 

Outcomes 

Major Adverse Cardiac Events (MACE): 

Cardiac death N/A N/A SEER cause of death variable 
(CODKM) 

Acute MI (Myocardial 
infarction) 

Acute myocardial 
infarction (DX), “other” 
ischemic heart disease 
(DX) 

Acute MI: first or 
second position 
of inpatient claim; 
IHD (outcome 
only): any code 
position on claim 
for ED visit‡ 
 

Outcome definition: Claims 
occurring after the end of the 
exposure assessment window 
(start of follow-up period) with 
either:  
- Acute MI DX code in first or 

second position of inpatient 
claim, OR 

- Death within 1 day of an ED 
visit‡ for IHD (using SEER 
date of death) 

Covariate definition: MI DX 
code in first or second position 
of inpatient claim occurring 12 
months before up to the month 
of diagnosis 

Hospitalized Heart 
Failure 

Heart failure and 
cardiomyopathy (DX) 

First position only 
of an inpatient 
claim 

OUTCOME: first position 
inpatient claim occurring after 
the end of the exposure 
assessment window (start of 
follow-up period) 
 
COVARIATE: first position 
inpatient claim occurring 12 
months before up to the month 
of diagnosis 



Variable Code list name 
(referred to in Table 
S2) 

Claim types & 
Code position 

Operational Definition 

Hospitalized Ischemic 
Heart Disease 

“Other” ischemic heart 
disease (DX) 

First position only 
of an inpatient 
claim 

OUTCOME: first position 
inpatient claim occurring after 
the end of the exposure 
assessment window (start of 
follow-up period) 
 
COVARIATE: first position 
inpatient claim occurring 12 
months before up to the month 
of diagnosis 

PCI/CABG Other ischemic heart 
disease (ICD PX & 
CPT)  

All claim types, 
any code position 

OUTCOME: Any procedure 
occurring after the end of the 
exposure assessment window 
(start of follow-up period) 
 
COVARIATE: Any procedure 
occurring 12 months before up 
to the month of diagnosis 

Severe Clinical Trial Common Adverse Events (CTCAE): 

Ischemic heart 
disease 

Acute MI (DX) and 
other ischemic heart 
disease (DX, ICD PX & 
CPT) 

Diagnoses† 
(outcome only): 
First position on 
inpatient or ED 
visit claim‡ 
Procedures 
(outcome and 
covariate): Any 
claim type, any 
code position 
Diagnoses 
(covariate only): 
Any claim type, 
any code position 

OUTCOME: Hospitalized 
diagnoses† first position 
diagnosis code during 
hospitalization occurring after 
the end of the exposure 
assessment window (start of 
follow-up period)  
Procedures: Any procedure 
occurring after the end of the 
exposure assessment window 
(start of follow-up period) 
COVARIATE: Diagnoses using 
rule out diagnosis algorithm* 
applied to claims occurring 
during the baseline period  
Procedures occurring during 
the baseline period (12 months 
prior through the month of 
diagnosis) 

Valve disorders and 
thoracic aortic 
disease 

Valve disorders and 
thoracic aortic disease  
(DX & ICD PX)  

Diagnoses† 

(outcome only): 
First position on 
inpatient or ED 

OUTCOME: Hospitalized 
diagnoses† first position 
diagnosis code during 
hospitalization occurring after 



Variable Code list name 
(referred to in Table 
S2) 

Claim types & 
Code position 

Operational Definition 

visit claim‡ 
Procedures 
(outcome and 
covariate): Any 
claim type, any 
code position 
Diagnoses 
(covariate only): 
Any claim type, 
any code position 

the end of the exposure 
assessment window (start of 
follow-up period)  
Procedures: Any procedure 
occurring after the end of the 
exposure assessment window 
(start of follow-up period) 
COVARIATE: Diagnoses using 
rule out diagnosis algorithm* 
applied to claims occurring 
during the baseline period  
Procedures occurring during 
the baseline period (12 months 
prior through the month of 
diagnosis) 

Any conduction 
abnormality (includes 
arrhythmia and atrial 
fibrillation)  

Arrhythmia and other 
conduction 
abnormalities (DX & 
ICD PX) & atrial 
fibrillation (DX)  
 

Diagnoses† 

(outcome only): 
First position on 
inpatient or ED 
visit claim‡ 
Procedures 
(outcome and 
covariate): Any 
claim type, any 
code position 
Diagnoses 
(covariate only): 
Any claim type, 
any code position 

OUTCOME: Hospitalized 
diagnoses† first position 
diagnosis code during 
hospitalization occurring after 
the end of the exposure 
assessment window (start of 
follow-up period)  
Procedures: Any procedure 
occurring after the end of the 
exposure assessment window 
(start of follow-up period) 
COVARIATE: Diagnoses using 
rule out diagnosis algorithm* 
applied to claims occurring 
during the baseline period  
Procedures occurring during 
the baseline period (12 months 
prior through the month of 
diagnosis) 

Atrial fibrillation 
(subset of any 
conduction 
abnormality) 

Atrial fibrillation 
subcategory (DX) 

Outcome: First 
position on 
inpatient or ED 
visit claim‡ 
Covariate: Any 
claim type, any 
code position 

OUTCOME: Hospitalized 
diagnoses† first position 
diagnosis code during 
hospitalization occurring after 
the end of the exposure 
assessment window (start of 
follow-up period)  
COVARIATE: Diagnoses using 
rule out diagnosis algorithm* 
applied to claims occurring 



Variable Code list name 
(referred to in Table 
S2) 

Claim types & 
Code position 

Operational Definition 

during the baseline period  

Heart failure, 
cardiomyopathy, and 
myocarditis 

Heart failure and 
cardiomyopathy & 
myocarditis (DX) 

Outcome: First 
position on 
inpatient or ED 
visit claim‡ 
Covariate: Any 
claim type, any 
code position 

OUTCOME: Hospitalized 
diagnoses† first position 
diagnosis code during 
hospitalization occurring after 
the end of the exposure 
assessment window (start of 
follow-up period)  
COVARIATE: Diagnoses using 
rule out diagnosis algorithm* 
applied to claims occurring 
during the baseline period  

Pericardial disease Pericardial disease 
(DX) 

Outcome: First 
position on 
inpatient or ED 
visit claim‡ 
Covariate: Any 
claim type, any 
code position 

OUTCOME: Hospitalized 
diagnoses† first position 
diagnosis code during 
hospitalization occurring after 
the end of the exposure 
assessment window (start of 
follow-up period)  
COVARIATE: Diagnoses using 
rule out diagnosis algorithm* 
applied to claims occurring 
during the baseline period  

*Rule out diagnosis algorithm: at least one diagnosis code in inpatient (MEDPAR) setting or two 
or more codes in outpatient (OUTPAT & NCH) setting more than 30 days but not more than 365 
days apart.  
†Hospitalized CTCAE diagnosis: 1st position diagnosis code in hospitalized setting. Hospitalized 
= MEDPAR (inpatient) claim or OUTPAT with ED revenue center code (0450-0459, 0981) 
‡ED visit identified with ER billed amount (ER_amt) greater than $0 on MEDPAR claim or 
revenue center code 0450-0459, 0981 for OUTPAT 
All claim types include MedPAR, NCH, and OUTPAT. Inpatient claims refer to MedPAR.



 

 

Table S2. Codes used to define all billing code-based variables 

  ICD Diagnosis Codes  ICD Procedure Codes  CPT/HCPCS 

Radiation  N/A   ICD‐9: 92.24 
ICD‐10: D7012ZZ, DB001ZZ, DB002ZZ, DB011ZZ, DB012ZZ, 
DB021ZZ, DB022ZZ, DB051ZZ, DB052ZZ, DB061ZZ, DB062ZZ, 
DD001ZZ, DD002ZZ, DP041ZZ, DP042ZZ, DW021ZZ, DW022ZZ 

77402‐77404, 77406‐77421, 77425, 77427, 
77429‐77432, 77435, 77470, 77499, 77520, 
77523 

Chemotherapy  N/A  N/A  83520, 209622, C1086, C1166, C1167, 
C1178, C9012, C9127, C9205, C9207, 
C9213, C9239, C9240, C9243, C9253, 
C9259, C9262, C9265, C9276, C9280, 
C9289, C9295, C9296, C9297, C9414, 
C9415, C9417, C9418, C9419, C9420, 
C9421, C9422, C9423, C9424, C9425, 
C9426, C9427, C9429, C9431, C9432, 
C9433, C9437, C9440, C9474, C9480, J0178, 
J0594, J0894, J3305, J7527, J8510, J8520, 
J8521, J8530, J8560‐J8562, J8565, J8600, 
J8610, J8700, J8705, J9000, J9001, J9002, 
J9017, J9019, J9020, J9025, J9027, J9032, 
J9033, J9034, J9040, J9041, J9043, J9045, 
J9047, J9050, J9060, J9062, J9065, J9070, 
J9080, J9090, J9091, J9092, J9093, J9094, 
J9095, J9096, J9097, J9098, J9100, J9110, 
J9120, J9130, J9140, J9150, J9151, J9170, 
J9171, J9178, J9179, J9180, J9181, J9182, 
J9185, J9190, J9200, J9201, J9206, J9207, 
J9208, J9211, J9230, J9245, J9250, J9260‐
J9268, J9270, J9280, J9290, J9291, J9293, 
J9305, J9307, J9315, J9320, J9328, J9330, 
J9340, J9350, J9351, J9357, J9360, J9370, 
J9371, J9375, J9380, J9390, J9400, J9600, 
Q2017, Q2025, Q2046, Q2048, Q2049, 



 

 

  ICD Diagnosis Codes  ICD Procedure Codes  CPT/HCPCS 

Q2050, S0088, S0108, S0115, S0172, S0176, 
S0178, S0182 

Immunotherapies  N/A  N/A  214693, A9534, A9545, C1084, C9004, 
C9021, C9025, C9027, C9110, C9117, 
C9118, C9131, C9214, C9215, C9235, 
C9257, C9260, C9273, C9284, C9287, 
C9292, C9416, C9449, C9453, C9455, 
C9472, C9475, C9476, C9477, C9483, 
C9491, C9492, J0202, J0897, J2860, J3590, 
J8499, J9010, J9015, J9031, J9035, J9039, 
J9042, J9055, J9145, J9160, J9176, J9203, 
J9212, J9213, J9214, J9215, J9216, J9228, 
J9271, J9285, J9295, J9299, J9300, J9301, 
J9302, J9303, J9306, J9308, J9310, J9325, 
J9354, J9355, J9415, Q2024, Q2043, Q9979, 
S0087, S0116, S0145, S0146, S0177, S2107, 
S9338 

Hormonal therapies  N/A  N/A  C9216, C9237, C9430, C9454, G0356, J0128, 
J1020, J1030, J1040, J1050, J1051, J1094, 
J1100, J1380, J1675, J1710, J1720, J1725, 
J1726, J1729, J1930, J1950, J2353, J2354, 
J2502, J2650, J2920, J2930, J3120, J3121, 
J3130, J3240, J3300, J3301, J3315, J7506, 
J7509, J7510, J7512, J7684, J8540, J9155, 
J9165, J9202, J9217‐J9219, J9225, J9226, 
J9395, Q2020, S0156, S0165, S0170, S0175, 
S0179, S0187, S0190 



 

 

  ICD Diagnosis Codes  ICD Procedure Codes  CPT/HCPCS 

Acute MI  ICD‐9: 410, 410.0, 410.00‐410.02, 
410.1, 410.10‐410.12, 410.2, 
410.20‐410.22, 410.3, 410.30‐
410.32, 410.4, 410.40‐410.42, 
410.5, 410.50‐410.52, 410.6, 
410.60‐410.62, 410.7, 410.70‐
410.72, 410.8, 410.80‐410.82, 
410.9, 410.90‐410.92 
ICD‐10: I21.0, I21.01, I21.02, 
I21.09, I21.1, I21.11, I21.19, I21.2, 
I21.21, I21.29, I21.3, I21.4, I21.9, 
I21.A, I21.A1, I21.A9, I22.0‐I22.2, 
I22.8‐I23.8 

N/A  N/A 

Other ischemic heart 
disease 

ICD‐9: 411, 411.0, 411.1, 411.8, 
411.81, 411.89, 412, 412.0, 413, 
413.0, 413.1, 413.9, 414, 414.0, 
414.00‐ 414.07, 414.1, 414.10‐
414.12, 414.19, 414.2, 414.3, 
414.4, 414.8, 414.9, 429.2 
ICD‐10: I20.0, I20.1, I20.8, I20.9, 
I24.0, I24.8, I24.9, I25., I25.10, 
I25.110, I25.111, I25.118, I25.119, 
I25.2, I25.3, I25.4, I25.41, I25.42, 
I25.6, I25.700, I25.701, I25.708‐
I25.711, I25.718‐I25.721, I25.728‐ 
I25.731, I25.738, I25.739, I25.750, 
I25.751, I25.758‐I25.761, I25.768‐
I25.791, I25.798, I25.799, I25.8, 
I25.810‐I25.812, I25.82‐I25.84, 
I25.89, I25.9 

ICD‐9: 36.03‐36.07, 36.09‐36.17, 36.19, 36.20, 00.66 
ICD‐10: 0210083, 0210088, 0210089, 021008C, 021008F, 
021008W, 0210093, 0210098, 0210099, 021009C, 021009F, 
021009W, 02100A3, 02100A8, 02100A9, 02100AC, 02100AF, 
02100AW, 02100J3, 02100J8, 02100J9, 02100JC, 02100JF, 
02100JW, 02100K3, 02100K8, 02100K9, 02100KC, 02100KF, 
02100KW, 02100Z3, 02100Z8, 02100Z9, 02100ZC, 02100ZF, 
0210483, 0210488, 0210489, 021048C, 021048F, 021048W, 
0210493, 0210498, 0210499, 021049C, 021049F, 021049W, 
02104A3, 02104A8, 02104A9, 02104AC, 02104AF, 02104AW, 
02104J3, 02104J8, 02104J9, 02104JC, 02104JF, 02104JW, 
02104K3, 02104K8, 02104K9, 02104KC, 02104KF, 02104KW, 
02104Z3, 02104Z8, 02104Z9, 02104ZC, 02104ZF, 0211088, 
0211089, 021108C, 021108W, 0211098, 0211099, 021109C, 
021109W, 02110A8, 02110A9, 02110AC, 02110AW, 02110J8, 
02110J9, 02110JC, 02110JW, 02110K8, 02110K9, 02110KC, 
02110KW, 02110Z8, 02110Z9, 02110ZC, 0211488, 0211489, 
021148C, 021148W, 0211498, 0211499, 021149C, 021149W, 
02114A8, 02114A9, 02114AC, 02114AW, 02114J8, 02114J9, 
02114JC, 02114JW, 02114K8, 02114K9, 02114KC, 02114KW, 
02114Z8, 02114Z9, 02114ZC, 021208C, 021208W, 021209C, 

33510‐33519, 33521‐ 33523, 33530, 33533‐
33536, 92920, 92921, 92924, 92925, 92928, 
92929, 92933, 92934, 92937, 92938, 92941, 
92943, 92944, 92980‐92982, 92984 



 

 

  ICD Diagnosis Codes  ICD Procedure Codes  CPT/HCPCS 

021209W, 02120AC, 02120AW, 02120JC, 02120JW, 02120KC, 
02120KW, 02120ZC, 021248C, 021248W, 021249C, 021249W, 
02124AC, 02124AW, 02124JC, 02124JW, 02124KC, 02124KW, 
02124ZC, 021308C, 021308W, 021309C, 021309W, 02130AC, 
02130AW, 02130JC, 02130JW, 02130KC, 02130KW, 02130ZC, 
021348C, 021348W, 021349C, 021349W, 02134AC, 02134AW, 
02134JC, 02134JW, 02134KC, 02134KW, 02134ZC, 02700ZZ, 
02703ZZ, 02704ZZ, 02710ZZ, 02713ZZ, 02714ZZ, 02720ZZ, 
02723ZZ, 02724ZZ, 02730ZZ, 02733ZZ, 02734ZZ, 02C00ZZ, 
02C03ZZ, 02C04ZZ, 02C10ZZ, 02C13ZZ, 02C14ZZ, 02C20ZZ, 
02C23ZZ, 02C24ZZ, 02C30ZZ, 02C33ZZ, 02C34ZZ, 3E07017, 
3E070PZ, 3E07317, 3E073PZ 

Heart failure and 
cardiomyopathy 

ICD‐9: 402.01, 402.11, 402.91, 425, 
425.0, 425.1, 425.11, 425.18, 
425.2‐425.5, 425.7‐425.9, 428, 
428.0‐428.2, 428.20‐428.23, 428.3, 
428.30‐428.33, 428.4, 428.40‐
428.43, 428.9 
ICD‐10: I11.0, I25.5, I40.0, I42.0‐ 
I42.9, I43, I50, I50.1, I50.20‐I50.23, 
I50.30‐I50.33, I50.40‐I50.43, I50.8, 
I50.810‐I50.814, I50.82‐I50.84, 
I50.89, I50.9 

N/A  N/A 

Myocarditis  ICD‐9: 422, 422.0, 422.9, 422.90‐
422.93, 422.99, 429.0 
ICD‐10: I40.1, I40.8, I40.9, I41, I51.4 

N/A  N/A 

Valve disorders and 
thoracic aortic 
disease 

ICD‐9: 394., 394.0, 394.1, 394.2, 
394.9, 395, 395.0‐395.2, 395.9, 
396, 396.0‐396.3, 396.8, 396.9, 
397, 397.0, 397.1, 397.9, 424, 
424.0‐424.3, 424.9, 424.90, 424.91, 
424.99, 441.01, 441.03, 441.1, 

ICD‐9: 35.00‐ 35.14, 35.20‐35.28, 35.31‐35.39, 35.41, 35.42, 
35.50‐ 35.55, 35.60‐ 35.63, 35.70‐35.73, 35.81‐35.84, 35.91‐35.99 
ICD‐10: 021608P, 021608Q, 021608R, 021609P, 021609Q, 
021609R, 02160AP, 02160AQ, 02160AR, 02160JP, 02160JQ, 
02160JR, 02160KP, 02160KQ, 02160KR, 02160ZP, 02160ZQ, 
02160ZR, 021648P, 021648Q, 021648R, 021649P, 021649Q, 

N/A 



 

 

  ICD Diagnosis Codes  ICD Procedure Codes  CPT/HCPCS 

441.2, 441.5‐441.7, 444.1, 446.7, 
785.2, 785.3, 09.31, 093.2, 093.20‐
093.24, 996.02, 996.71, V42.2, 
V43.3 
ICD‐10: A52.02, A52.03, I05.0‐I05.2, 
I05.8, I05.9, I06.0‐I06.9, I07.0‐I07.2, 
I07.8, I07.9, I08.0, I08.1‐I08.3, 
I08.8, I08.9, I09.1, I09.89, I34.0‐
I34.2, I34.8, I34.9, I35.0‐I35.2, 
I35.8, I35.9, I36.0‐I36.2, I36.8, 
I36.9, I37.0‐I37.2, I37.8, I37.9, I38, 
I39, I71.01, I71.03, I71.1, I71.2, 
I71.5, I71.6, I74.11, I77.810, 
I77.810 , I77.812, M31.4, M32.11, 
R00.8, R00.9, R01.0‐R01.2, 
T82.01XA‐T82.03XA, T82.09XA, 
T82.817A, T82.827A, T82.837A, 
T82.847A, T82.857A, T82.867A, 
T82.897A, T82.9XXA 

021649R, 02164AP, 02164AQ, 02164AR, 02164JP, 02164JQ, 
02164JR, 02164KP, 02164KQ, 02164KR, 02164ZP, 02164ZQ, 
02164ZR, 021708S, 021708T, 021708U, 021709S, 021709T, 
021709U, 02170AS, 02170AT, 02170AU, 02170JS, 02170JT, 
02170JU, 02170KS, 02170KT, 02170KU, 02170ZP, 02170ZQ, 
02170ZR, 02170ZS, 02170ZT, 02170ZU, 021748S, 021748T, 
021748U, 021749S, 021749T, 021749U, 02174AS, 02174AT, 
02174AU, 02174JS, 02174JT, 02174JU, 02174KS, 02174KT, 
02174KU, 02174ZS, 02174ZT, 02174ZU, 021K08P, 021K08Q, 
021K08R, 021K09P, 021K09Q, 021K09R, 021K0AP, 021K0AQ, 
021K0AR, 021K0JP, 021K0JQ, 021K0JR, 021K0KP, 021K0KQ, 
021K0KR, 021K0ZP, 021K0ZQ, 021K0ZR, 021K48P, 021K48Q, 
021K48R, 021K49P, 021K49Q, 021K49R, 021K4AP, 021K4AQ, 
021K4AR, 021K4JP, 021K4JQ, 021K4JR, 021K4KP, 021K4KQ, 
021K4KR, 021K4ZP, 021K4ZQ, 021K4ZR, 021L0ZW, 021L4ZW, 
021V08S, 021V08T, 021V08U, 021V09S, 021V09T, 021V09U, 
021V0AS, 021V0AT, 021V0AU, 021V0JS, 021V0JT, 021V0JU, 
021V0KS, 021V0KT, 021V0KU, 021V0ZS, 021V0ZT, 021V0ZU, 
021V48S, 021V48T, 021V48U, 021V49S, 021V49T, 021V49U, 
021V4AS, 021V4AT, 021V4AU, 021V4JS, 021V4JT, 021V4JU, 
021V4KS, 021V4KT, 021V4KU, 021V4ZS, 021V4ZT, 021V4ZU, 
024F07J, 024F08J, 024F0JJ, 024F0KJ, 024G072, 024G082, 
024G0J2, 024G0K2, 024J072, 024J082, 024J0J2, 024J0K2, 
027F04Z, 027F0DZ, 027F0ZZ, 027F3ZZ, 027F4ZZ, 027G04Z, 
027G0DZ, 027G0ZZ, 027G3ZZ, 027G4ZZ, 027H04Z, 027H0DZ, 
027H0ZZ, 027H3ZZ, 027H4ZZ, 027J04Z, 027J0DZ, 027J0ZZ, 
027J3ZZ, 027J4ZZ, 02890ZZ, 02893ZZ, 02894ZZ, 028D0ZZ, 
028D3ZZ, 028D4ZZ, 02B50ZZ, 02B53ZZ, 02B54ZZ, 02BK0ZZ, 
02BK3ZZ, 02BK4ZZ, 02LH0CZ, 02LH0DZ, 02LH0ZZ, 02LH3CZ, 
02LH3DZ, 02LH3ZZ, 02LH4CZ, 02LH4DZ, 02LH4ZZ, 02LR0ZT, 
02LS0ZZ, 02LT0ZZ, 02NF0ZZ, 02NF3ZZ, 02NF4ZZ, 02NG0ZZ, 
02NG3ZZ, 02NG4ZZ, 02NH0ZZ, 02NH3ZZ, 02NH4ZZ, 02NJ0ZZ, 
02NJ3ZZ, 02NJ4ZZ, 02NK0ZZ, 02NK3ZZ, 02NK4ZZ, 02NL0ZZ, 
02NL3ZZ, 02NL4ZZ, 02Q50ZZ, 02Q53ZZ, 02Q54ZZ, 02Q90ZZ, 
02Q93ZZ, 02Q94ZZ, 02QB0ZZ, 02QB3ZZ, 02QB4ZZ, 02QC0ZZ, 



 

 

  ICD Diagnosis Codes  ICD Procedure Codes  CPT/HCPCS 

02QC3ZZ, 02QC4ZZ, 02QD0ZZ, 02QD3ZZ, 02QD4ZZ, 02QF0ZJ, 
02QF0ZZ, 02QF3ZJ, 02QF3ZZ, 02QF4ZJ, 02QF4ZZ, 02QG0ZE, 
02QG0ZZ, 02QG3ZE, 02QG3ZZ, 02QG4ZE, 02QG4ZZ, 02QH0ZZ, 
02QH3ZZ, 02QH4ZZ, 02QJ0ZG, 02QJ0ZZ, 02QJ3ZG, 02QJ3ZZ, 
02QJ4ZG, 02QJ4ZZ, 02QM0ZZ, 02QM3ZZ, 02QM4ZZ, 02RF07Z, 
02RF08Z, 02RF0JZ, 02RF0KZ, 02RF37H, 02RF37Z, 02RF38H, 
02RF38Z, 02RF3JH, 02RF3JZ, 02RF3KH, 02RF3KZ, 02RF47Z, 
02RF48Z, 02RF4JZ, 02RF4KZ, 02RG07Z, 02RG08Z, 02RG0JZ, 
02RG0KZ, 02RG37H, 02RG37Z, 02RG38H, 02RG38Z, 02RG3JH, 
02RG3JZ, 02RG3KH, 02RG3KZ, 02RG47Z, 02RG48Z, 02RG4JZ, 
02RG4KZ, 02RH07Z, 02RH08Z, 02RH0JZ, 02RH0KZ, 02RH37H, 
02RH37Z, 02RH38H, 02RH38Z, 02RH3JH, 02RH3JZ, 02RH3KH, 
02RH3KZ, 02RH47Z, 02RH48Z, 02RH4JZ, 02RH4KZ, 02RJ07Z, 
02RJ08Z, 02RJ0JZ, 02RJ0KZ, 02RJ37H, 02RJ37Z, 02RJ38H, 02RJ38Z, 
02RJ3JH, 02RJ3JZ, 02RJ3KH, 02RJ3KZ, 02RJ47Z, 02RJ48Z, 02RJ4JZ, 
02RJ4KZ, 02RK07Z, 02RK0KZ, 02RK47Z, 02RK4KZ, 02RL07Z, 
02RL0KZ, 02RL47Z, 02RL4KZ, 02RM07Z, 02RM0JZ, 02RM0KZ, 
02RM47Z, 02RM4JZ, 02RM4KZ, 02RP0JZ, 02RQ07Z, 02RQ0JZ, 
02RR07Z, 02RR0JZ, 02S00ZZ, 02S10ZZ, 02SP0ZZ, 02SW0ZZ, 
02SX0ZZ, 02U507Z, 02U508Z, 02U50JZ, 02U50KZ, 02U537Z, 
02U538Z, 02U53JZ, 02U53KZ, 02U547Z, 02U548Z, 02U54JZ, 
02U54KZ, 02U607Z, 02U608Z, 02U707Z, 02U708Z, 02U70JZ, 
02U70KZ, 02U737Z, 02U738Z, 02U73KZ, 02U747Z, 02U748Z, 
02U74KZ, 02UG3JZ, 02UK0KZ, 02UK3KZ, 02UK4KZ, 02UL0KZ, 
02UL3KZ, 02UL4KZ, 02UM07Z, 02UM0JZ, 02UM0KZ, 02UM37Z, 
02UM38Z, 02UM3JZ, 02UM3KZ, 02UM47Z, 02UM48Z, 02UM4JZ, 
02UM4KZ, 02VG0ZZ, 02VG3ZZ, 02VG4ZZ, 02VR0ZT, 02W50JZ, 
02W54JZ, 02WF07Z, 02WF08Z, 02WF0JZ, 02WF0KZ, 02WF37Z, 
02WF38Z, 02WF3JZ, 02WF3KZ, 02WF47Z, 02WF48Z, 02WF4JZ, 
02WF4KZ, 02WG07Z, 02WG08Z, 02WG0JZ, 02WG0KZ, 02WG37Z, 
02WG38Z, 02WG3JZ, 02WG3KZ, 02WG47Z, 02WG48Z, 02WG4JZ, 
02WG4KZ, 02WH07Z, 02WH08Z, 02WH0JZ, 02WH0KZ, 02WH37Z, 
02WH38Z, 02WH3JZ, 02WH3KZ, 02WH47Z, 02WH48Z, 02WH4JZ, 
02WH4KZ, 02WJ07Z, 02WJ08Z, 02WJ0JZ, 02WJ0KZ, 02WJ37Z, 
02WJ38Z, 02WJ3JZ, 02WJ3KZ, 02WJ47Z, 02WJ48Z, 02WJ4JZ, 



 

 

  ICD Diagnosis Codes  ICD Procedure Codes  CPT/HCPCS 

02WJ4KZ, 02WM0JZ, 02WM4JZ, X2RF032, X2RF332, X2RF432 

Arrhythmia and 
other conduction 
abnormalities, not 
including atrial 
fibrillation 

ICD‐9: 426., 426.0, 426.1, 426.10‐
426.13, 426.2, 426.3, 426.4, 426.5, 
426.50‐426.54, 426.6, 426.7, 426.8, 
426.81, 426.82, 426.89, 426.9, 
427., 427.0, 427.1, 427.2, 427.4, 
427.41, 427.42, 427.5, 427.6, 
427.60, 427.61, 427.69, 427.8, 
427.81, 427.89, 427.9 
ICD‐10: I44.0‐I44.2, I44.30, I44.39, 
I44.4, I44.5, I44.60, I44.69, I44.7, 
I45.0, I45.10, I45.19, I45.2‐I45.6, 
I45.81, I45.89, I45.9, I46., I46.2, 
I46.8, I46.9, I47.0, I47.1, I47.2, 
I47.9, I49.0, I49.01, I49.02, I49.1‐
I49.3, I49.40, I49.49, I49.5, I49.8, 
I49.9, R00.0, R00.1 

ICD‐9: 37.70‐ 37.83, 37.85‐37.89, 37.94‐37.99 
ICD‐10: 02H40JZ, 02H40KZ, 02H40MZ, 02H44JZ, 02H44KZ, 
02H44MZ, 02H60JZ, 02H60KZ, 02H60MZ, 02H63JZ, 02H63KZ, 
02H63MZ, 02H64JZ, 02H64KZ, 02H64MZ, 02H70JZ, 02H70KZ, 
02H70MZ, 02H73JZ, 02H73KZ, 02H73MZ, 02H74JZ, 02H74KZ, 
02H74MZ, 02HK0JZ, 02HK0KZ, 02HK0MZ, 02HK3JZ, 02HK3KZ, 
02HK3MZ, 02HK4JZ, 02HK4KZ, 02HK4MZ, 02HL0JZ, 02HL0KZ, 
02HL0MZ, 02HL3JZ, 02HL3KZ, 02HL3MZ, 02HL4JZ, 02HL4KZ, 
02HL4MZ, 02HN0JZ, 02HN0KZ, 02HN0MZ, 02HN3JZ, 02HN3KZ, 
02HN3MZ, 02HN4JZ, 02HN4KZ, 02HN4MZ, 02PA0MZ, 02PA3MZ, 
02PA4MZ, 02PAXMZ, 02QA0ZZ, 02QA3ZZ, 02QA4ZZ, 02WA0MZ, 
02WA3MZ, 02WA4MZ, 0JH602Z, 0JH604Z, 0JH605Z, 0JH606Z, 
0JH608Z, 0JH60PZ, 0JH632Z, 0JH634Z, 0JH635Z, 0JH636Z, 
0JH638Z, 0JH63PZ, 0JH804Z, 0JH805Z, 0JH806Z, 0JH808Z, 
0JH80PZ, 0JH834Z, 0JH835Z, 0JH836Z, 0JH838Z, 0JH83PZ, 
0JPT0PZ, 0JPT3PZ, 0JWT02Z, 0JWT0PZ, 0JWT32Z, 0JWT3PZ, 
5A1213Z, 5A1223Z 

33206‐33208, 33216, 33217 

Atrial fibrillation  ICD‐9: 427.3, 427.31, 427.32 
ICD‐10: I48.0, I48.1, I48.11, I48.19, 
I48.2, I48.20, I48.21, I48.3, I48.4, 
I48.9, I48.91, I48.92 

N/A  N/A 

Pericardial disease  ICD‐9: 420, 420.0, 420.9, 420.90, 
420.91, 420.99, 423., 423.0, 423.1‐
423.3, 423.8, 423.9 
ICD‐10: A18.84, I24.1, I30.0, I30.1, 
I30.8, I30.9, I31.0‐I31.4, I31.8, 
I31.9, I32, M32.12 

N/A  N/A 

Comorbidities       

Hypertension  ICD‐9: 401, 401.0, 401.1, 401.9  N/A  4050F 



 

 

  ICD Diagnosis Codes  ICD Procedure Codes  CPT/HCPCS 

ICD‐10: I10, I16.0, I16.1, I16.9 

Tobacco use 
 

ICD‐9: 305.1, 649.0, 649.00‐649.04, 
989.84, V15.82 
ICD‐10: F17.200, F17.201, F17.203, 
F17.208‐F17.211, F17.213, 
F17.218‐F17.221, F17.223, F17.228, 
F17.229, F17.290, F17.291, 
F17.293, F17.298, F17.299, 
O99.330‐O99.335, T65.211A, 
T65.211B, T65.211S, T65.212A, 
T65.212D, T65.212S, T65.213A, 
T65.213D, T65.213S, T65.214A, 
T65.214D, T65.214S, T65.221A, 
T65.221D, T65.221S, T65.222A, 
T65.222D, T65.222S, T65.223A, 
T65.223D, T65.223S, T65.224A, 
T65.224D, T65.224S, T65.291A, 
T65.291D, T65.291S, T65.292A, 
T65.292D, T65.292S, T65.293A, 
T65.293D, T65.293S, T65.294A, 
T65.294D, T65.294S, Z87.891 

N/A 
 

83887, 99406, 99407, 1034F, 1035F, 4000F, 
4001F, 4004F, C9801, C9802, G0375, 
G0376, G0436, G0437, G8093, G8094, 
G8402, G8403, G8453‐G8456, G8688, 
G9016, S4990, S4991, S4995, S9075, S9453 

Other comorbidities  NCI comorbidity index (15)  NCI comorbidity index (15)  NCI comorbidity index (15) 

Function status  Used function‐related indicators 
(16) 

Used function‐related indicators (16)  Used function‐related indicators (16) 

 
 



 

 

Table S3. Sensitivity Analysis: Survival Analysis for New-Onset*Severe Cardiac 
Outcomes and Non-Cardiac Death by Chemo-radiation vs Chemotherapy-Only in 
the Propensity Score-matched cohort (n=1,364) 

 Outcome 

Model New-Onset Severe Cardiac 
Event 

Non-Cardiac Death 
(competing event)  

CSHR† (95% CI),Wald P-value 1.514 (0.983-2.333), p=.0593 2.454 (1.876-3.209), p <.0001 

SDHR‡ (95% CI),Wald P-value 1.302 (0.845-2.009), p=.2319 2.478 (1.891-3.246), p<.0001 

*Patients with a cardiac event during the baseline period were considered to have a prevalent 
event. Thus, outcome events were only counted if there was no event of the same type during 
the baseline period (12 months prior to diagnosis).  
†CSHR: Cause-specific hazard ratio 
‡SDHR: Subdistribution hazard ratio 
 
 

Table S4. Sensitivity Analysis: Survival Analysis of Severe Cardiac Outcomes and 
Non-Cardiac Death by Chemo-radiation vs Chemotherapy-Only in the Propensity 
Score-matched cohort, Stage IIIA only (n=958; 479 Chemo-radiation and 479 
Chemotherapy-only) 

 Outcome 
 

Model Severe Cardiac Event Non-Cardiac Death 
(competing event)  

CSHR* (95% CI), Wald P-value  1.539 (0.980-2.416), p=.0607 3.000 (2.107- 4.271), p <.0001 

SDHR† (95% CI), Wald P-value  1.323 (0.840-2.084), p=.2275 2.967 (2.087- 4.219), p<.0001 

*CSHR: Cause-specific hazard ratio 
†SDHR: Subdistribution hazard ratio 
 
  



 

 

Table S5. Comparison of matched patients with patients who could not be 
matched, by treatment status (chemo-radiation or chemotherapy only) 

Table S5 compares matched patients with those who could not be matched. For both 
treatment groups, patients who could not be matched had greater comorbidity and frailty 
and less frequently had N2 nodal status compared with matched patients. Unmatched 
chemo-radiation patients had larger tumor size, more frequently had stage IIIB tumors, 
and more had N3 nodal status compared with matched patients, whereas unmatched 
chemotherapy-only patients had similar tumor size and stage and more had N1 nodal 
status compared with matched patients. 
 

Treatment = Chemoradiation 

Covariate 

Matched 
Group 

(N = 682) 

mean (SD) 

Unmatched 
Group 

(N = 121) 
mean (SD) 

Mean 
difference 

Standardized 
difference 

Tumor Characteristics (as documented in the SEER cancer file for the primary cancer 
diagnosis) 

Tumor size (millimeters) 42.10 
(22.81) 

72.67 (78.05) -30.57 -0.53 

N0 Nodal Status 0.11 (0.31) 0.13 (0.34) -0.02 -0.07 

N1 Nodal Status 0.11 (0.31) 0.10 (0.30) 0.01 0.03 

N2 Nodal Status 0.77 (0.42) 0.60 (0.49) 0.16 0.35 

N3 Nodal Status 0.02 (0.13) 0.16 (0.37) -0.14 -0.52 

Age at diagnosis 72.47 
(4.94) 

72.05 (5.39) 0.42 0.08 

Year of diagnosis 2011 (2.60) 2011 (2.52) 0.10 0.04 

Left laterality (of primary 
tumor) 

0.40 (0.49) 0.48 (0.50) -0.08 -0.17 

Stage IIIA at diagnosis 
(versus IIIB) 

0.83 (0.38) 0.64 (0.48) 0.19 0.43 

Demographics (as documented in the SEER cancer file at the time of the primary cancer 
diagnosis) 

White race 0.91 (0.28) 0.92 (0.28) -0.00 -0.01 

Black race 0.06 (0.23) 0.06 (0.23) -0.00 -0.00 

Other race 0.03 (0.17) 0.02 (0.16) 0.00 0.03 

Hispanic 0.04 (0.20) 0.02 (0.16) 0.01 0.08 

Married at diagnosis 0.59 (0.49) 0.52 (0.50) 0.07 0.14 

Male sex 0.56 (0.50) 0.67 (0.47) -0.11 -0.22 



 

 

Treatment = Chemoradiation 

Covariate 

Matched 
Group 

(N = 682) 

mean (SD) 

Unmatched 
Group 

(N = 121) 
mean (SD) 

Mean 
difference 

Standardized 
difference 

State buy-in Medicare 
subsidy† 

0.11 (0.31) 0.15 (0.36) -0.04 -0.12 

Treatment characteristics (identified via ICD diagnosis and CPT/HCPCS codes during the 
exposure assessment window) 

Biologic therapy‡  0.02 (0.13) 0.02 (0.13) 0.00 0.01 

Corticosteroid therapy‡ 0.92 (0.27) 0.97 (0.18) -0.05 -0.20 

Baseline cardiac conditions (any time prior to index cancer diagnosis) 

Atrial fibrillation*§ 0.10 (0.30) 0.12 (0.33) -0.02 -0.07 

Arrhythmia or conduction 
abnormality*§ 

0.22 (0.42) 0.18 (0.39) 0.04 0.10 

Heart failure*§ 0.11 (0.32) 0.12 (0.32) -0.00 -0.01 

Ischemic heart disease*§  0.34 (0.47) 0.37 (0.49) -0.03 -0.06 

Pericardial disease*§ 0.01 (0.08) 0.00 (0.00) 0.01 0.11 

Valve disorders or thoracic 
aortic disease*§ 

0.14 (0.34) 0.13 (0.34) 0.00 0.01 

Hospitalized heart failure*|| 0.01 (0.11) 0.01 (0.09) 0.00 0.05 

Hospitalized ischemic heart 
disease*|| 

0.04 (0.19) 0.05 (0.22) -0.01 -0.06 

Acute myocardial 
infarction*|| 

0.03 (0.16) 0.06 (0.23) -0.03 -0.15 

PCI/CABG*|| 0.05 (0.22) 0.08 (0.28) -0.03 -0.13 

Comorbidities (any time prior to index cancer diagnosis) 

NCI-weighted comorbidity 
index* 

2.39 (2.31) 2.88 (2.45) -0.48 -0.20 

Chronic Obstructive 
Pulmonary Disease* 

0.45 (0.50) 0.53 (0.50) -0.08 -0.16 

Cerebrovascular Disease* 0.21 (0.41) 0.23 (0.42) -0.02 -0.06 

Dementia* 0.01 (0.11) 0.02 (0.13) -0.00 -0.04 

Diabetes* 0.31 (0.46) 0.29 (0.46) 0.02 0.05 

Diabetes with 
Complications* 

0.09 (0.29) 0.08 (0.28) 0.01 0.04 

Moderate-Severe Liver 
Disease* 

0.00 (0.05) 0.00 (0.00) 0.00 0.08 



 

 

Treatment = Chemoradiation 

Covariate 

Matched 
Group 

(N = 682) 

mean (SD) 

Unmatched 
Group 

(N = 121) 
mean (SD) 

Mean 
difference 

Standardized 
difference 

Mild Liver Disease* 0.02 (0.13) 0.01 (0.09) 0.01 0.07 

Hemiplegia or Paraplegia* 0.01 (0.08) 0.04 (0.20) -0.04 -0.23 

Moderate-Severe Renal 
Disease* 

0.08 (0.27) 0.07 (0.26) 0.01 0.03 

Peripheral Vascular 
Disease* 

0.23 (0.42) 0.26 (0.44) -0.04 -0.09 

Rheumatologic Disease* 0.05 (0.22) 0.04 (0.20) 0.01 0.05 

Peptic Ulcer Disease* 0.04 (0.19) 0.06 (0.23) -0.02 -0.10 

AIDS* 0.00 (0.00) 0.00 (0.00) 0.00 . 

Smoking* 0.48 (0.50) 0.50 (0.50) -0.02 -0.05 

Hypertension* 0.84 (0.37) 0.83 (0.37) 0.01 0.02 

Function-related indicators (in year prior to index cancer diagnosis) 

Total number of functional 
impairments† 

0.69 (0.99) 1.01 (1.25) -0.31 -0.28 

Any mobility limitation† 0.04 (0.19) 0.03 (0.18) 0.01 0.03 

Supplemental oxygen† 0.04 (0.21) 0.07 (0.25) -0.02 -0.10 

Supplemental nutrition† 0.00 (0.00) 0.00 (0.00) 0.00 . 

Catheter (internal or 
external)† 

0.01 (0.09) 0.10 (0.37) -0.09 -0.34 

Hip or pelvic fracture† 0.01 (0.08) 0.02 (0.13) -0.01 -0.10 

Chronic skin ulcer† 0.01 (0.12) 0.03 (0.18) -0.02 -0.12 

Pneumonia† 0.15 (0.35) 0.30 (0.46) -0.15 -0.37 

Delirium, dementia, and 
Alzheimer’s† 

0.03 (0.18) 0.02 (0.16) 0.01 0.05 

Bone marrow failure or 
agranulocytosis† 

0.01 (0.08) 0.02 (0.13) -0.01 -0.10 

Depression† 0.09 (0.29) 0.09 (0.29) 0.00 0.01 

Respiratory failure† 0.03 (0.18) 0.04 (0.20) -0.01 -0.05 

Sepsis† 0.01 (0.11) 0.03 (0.18) -0.02 -0.13 

Malnutrition and unintended 
weight loss† 

0.06 (0.24) 0.11 (0.31) -0.04 -0.16 

Fall-related injury† 0.15 (0.35) 0.08 (0.28) 0.06 0.20 

Syncope† 0.05 (0.21) 0.05 (0.22) -0.00 -0.01 



 

 

Treatment = Chemotherapy Only 

Covariate 

Matched 
Group 

(N = 682) 

mean (SD) 

Unmatched 
Group 

(N = 746) 
mean (SD) 

Mean 
difference 

Standardized 
difference 

Tumor Characteristics (as documented in the SEER cancer file for the primary cancer 
diagnosis) 

Tumor size (MM) 41.99 
(24.80) 

39.83 (29.45) 2.16 0.08 

N0 Nodal Status 0.11 (0.32) 0.13 (0.34) -0.02 -0.05 

N1 Nodal Status 0.12 (0.33) 0.21 (0.41) -0.09 -0.24 

N2 Nodal Status 0.75 (0.43) 0.63 (0.48) 0.12 0.26 

N3 Nodal Status 0.01 (0.11) 0.02 (0.14) -0.01 -0.07 

Age at diagnosis 72.59 
(4.68) 

73.38 (5.03) -0.79 -0.16 

Year of diagnosis 2011 (2.60) 2011 (2.64) -0.35 -0.14 

Left laterality (of primary 
tumor) 

0.40 (0.49) 0.47 (0.50) -0.07 -0.14 

Stage IIIA at diagnosis 
(versus IIIB) 

0.83 (0.37) 0.82 (0.38) 0.01 0.04 

Demographics (as documented in the SEER cancer file at the time of the primary cancer 
diagnosis) 

White race 0.91 (0.29) 0.93 (0.26) -0.02 -0.07 

Black race 0.04 (0.20) 0.04 (0.20) -0.00 -0.00 

Other race 0.05 (0.23) 0.03 (0.18) 0.02 0.10 

Hispanic 0.05 (0.21) 0.04 (0.20) 0.01 0.04 

Married at diagnosis 0.65 (0.48) 0.62 (0.49) 0.03 0.07 

Male sex 0.54 (0.50) 0.49 (0.50) 0.04 0.09 

State buy-in Medicare 
subsidy† 

0.11 (0.31) 0.10 (0.30) 0.01 0.02 

Treatment characteristics (identified via ICD diagnosis and CPT/HCPCS codes during the 
exposure assessment window) 

Biologic therapy‡  0.01 (0.11) 0.12 (0.32) -0.10 -0.43 

Corticosteroid therapy‡ 0.92 (0.27) 0.81 (0.39) 0.11 0.32 

Baseline cardiac conditions (any time prior to index cancer diagnosis) 

Atrial fibrillation*§ 0.10 (0.30) 0.10 (0.30) 0.00 0.02 

Arrhythmia or conduction 
abnormality*§ 

0.23 (0.42) 0.22 (0.41) 0.01 0.02 



 

 

Treatment = Chemotherapy Only 

Covariate 

Matched 
Group 

(N = 682) 

mean (SD) 

Unmatched 
Group 

(N = 746) 
mean (SD) 

Mean 
difference 

Standardized 
difference 

Heart failure*§ 0.11 (0.32) 0.10 (0.30) 0.02 0.05 

Ischemic heart disease*§  0.36 (0.48) 0.32 (0.47) 0.03 0.07 

Pericardial disease*§ 0.00 (0.07) 0.01 (0.10) -0.00 -0.06 

Valve disorders or thoracic 
aortic disease*§ 

0.13 (0.34) 0.17 (0.37) -0.03 -0.09 

Hospitalized heart failure*|| 0.02 (0.13) 0.01 (0.10) 0.01 0.07 

Hospitalized ischemic heart 
disease*|| 

0.04 (0.19) 0.05 (0.21) -0.01 -0.06 

Acute myocardial 
infarction*|| 

0.03 (0.18) 0.03 (0.17) 0.01 0.03 

PCI/CABG*|| 0.06 (0.24) 0.07 (0.25) -0.01 -0.03 

Comorbidities (any time prior to index cancer diagnosis) 

NCI-weighted comorbidity 
index* 

2.41 (2.28) 2.55 (2.35) -0.14 -0.06 

Chronic Obstructive 
Pulmonary Disease* 

0.46 (0.50) 0.49 (0.50) -0.03 -0.06 

Cerebrovascular Disease* 0.20 (0.40) 0.16 (0.37) 0.04 0.11 

Dementia* 0.02 (0.13) 0.00 (0.05) 0.01 0.15 

Diabetes* 0.32 (0.47) 0.33 (0.47) -0.01 -0.02 

Diabetes with 
Complications* 

0.10 (0.30) 0.11 (0.31) -0.01 -0.04 

Moderate-Severe Liver 
Disease* 

0.00 (0.07) 0.00 (0.04) 0.00 0.06 

Mild Liver Disease* 0.01 (0.12) 0.01 (0.12) -0.00 -0.00 

Hemiplegia or Paraplegia* 0.01 (0.09) 0.01 (0.08) 0.00 0.01 

Moderate-Severe Renal 
Disease* 

0.09 (0.28) 0.10 (0.31) -0.02 -0.06 

Peripheral Vascular 
Disease* 

0.21 (0.41) 0.24 (0.43) -0.03 -0.07 

Rheumatologic Disease* 0.05 (0.22) 0.08 (0.27) -0.03 -0.12 

Peptic Ulcer Disease* 0.04 (0.18) 0.04 (0.19) -0.00 -0.02 

AIDS* 0.00 (0.00) 0.00 (0.04) -0.00 -0.05 

Smoking* 0.46 (0.50) 0.59 (0.49) -0.13 -0.26 



 

 

Treatment = Chemotherapy Only 

Covariate 

Matched 
Group 

(N = 682) 

mean (SD) 

Unmatched 
Group 

(N = 746) 
mean (SD) 

Mean 
difference 

Standardized 
difference 

Hypertension* 0.85 (0.36) 0.84 (0.37) 0.02 0.04 

Function-related indicators (in year prior to index cancer diagnosis) 

Total number of functional 
impairments† 

0.66 (0.88) 0.84 (1.10) -0.19 -0.19 

Any mobility limitation† 0.03 (0.18) 0.04 (0.19) -0.01 -0.03 

Supplemental oxygen† 0.04 (0.21) 0.04 (0.21) -0.00 -0.00 

Supplemental nutrition† 0.00 (0.00) 0.01 (0.07) -0.01 -0.10 

Catheter (internal or 
external)† 

0.00 (0.07) 0.00 (0.05) 0.00 0.03 

Hip or pelvic fracture† 0.00 (0.05) 0.01 (0.10) -0.01 -0.08 

Chronic skin ulcer† 0.02 (0.13) 0.02 (0.15) -0.01 -0.05 

Pneumonia† 0.14 (0.35) 0.19 (0.39) -0.05 -0.13 

Delirium, dementia, and 
Alzheimers† 

0.03 (0.17) 0.03 (0.18) -0.00 -0.02 

Bone marrow failure or 
agranulocytosis† 

0.00 (0.07) 0.01 (0.12) -0.01 -0.11 

Depression† 0.09 (0.29) 0.11 (0.32) -0.02 -0.07 

Respiratory failure† 0.02 (0.16) 0.05 (0.21) -0.02 -0.12 

Sepsis† 0.02 (0.13) 0.01 (0.10) 0.01 0.06 

Malnutrition and unintended 
weight loss† 

0.05 (0.23) 0.06 (0.24) -0.01 -0.04 

Fall-related injury† 0.14 (0.35) 0.19 (0.39) -0.05 -0.13 

Syncope† 0.04 (0.20) 0.06 (0.23) -0.02 -0.07 

*In full period before diagnosis (back to -infinity) 
†In year prior to diagnosis 
‡During exposure assessment window 
§Using codes in Table S2, event was considered to have occurred if a diagnosis code was present on one 
inpatient stay or two outpatient encounters separated by at least 30 days but not more than 365 days or 
by the presence of a procedure code in any position on any claim type 
||Based on MACE variable definitions (Table S2) 
 



Figure S1. Study Design 
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