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ORIGINAL RESEARCH

Development and Validation of a Risk Score 
Model for Predicting the Cardiovascular 
Outcomes After Breast Cancer Therapy: 
The CHEMO-RADIAT Score
Do Young Kim , MD*; Myung-Soo Park, MD*; Jong-Chan Youn , MD, PhD;† Sunki Lee, MD, PhD;  
Jae Hyuk Choi, MD, PhD; Mi-Hyang Jung , MD, PhD; Lee Su Kim, MD, PhD; Sung Hea Kim , MD, PhD; 
Seongwoo Han, MD, PhD; Kyu-Hyung Ryu, MD, PhD†

BACKGROUND: Cardiovascular disease is an important cause of mortality among survivors of breast cancer (BC). We devel-
oped a prediction model for major adverse cardiovascular events after BC therapy, which is based on conventional and BC 
treatment-related cardiovascular risk factors.

METHODS AND RESULTS: The cohort of the study consisted of 1256 Asian female patients with BC from 4 medical centers in 
Korea and was randomized in a 1:1 ratio into the derivation and validation cohorts. The outcome measures comprised cardio-
vascular mortality, myocardial infarction, congestive heart failure, and transient ischemic attack/stroke. To correct overfitting, 
a penalized Cox proportional hazards regression was performed with a cross-validation approach. Number of cardiovascular 
diseases (myocardial infarction, peripheral artery disease, heart failure, and transient ischemic attack/stroke), number of 
baseline cardiovascular risk factors (hypertension, age ≥60, body mass index ≥30 kg/m2, estimated glomerular filtration rate 
<60 mL/min per 1.73 m2, dyslipidemia, and diabetes mellitus), radiation to the left breast, and anthracycline dose per 100 mg/
m2 were included in the risk prediction model. The time-dependent C-indices at 3 and 7 years after BC diagnosis were 0.876 
and 0.842, respectively, in the validation cohort.

CONCLUSIONS: A prediction score model, including BC treatment-related risk factors and conventional risk factors, was de-
veloped and validated to predict major adverse cardiovascular events in patients with BC. The CHEMO-RADIAT (congestive 
heart failure, hypertension, elderly, myocardial infarction/peripheral artery occlusive disease, obesity, renal failure, abnormal 
lipid profile, diabetes mellitus, irradiation of the left breast, anthracycline dose, and transient ischemic attack/stroke) score 
may provide overall cardiovascular risk stratification in survivors of BC and can assist physicians in multidisciplinary decision-
making regarding the BC treatment.
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Although the incidence of breast cancer (BC) has 
risen,1 in some countries, recent improvements 
in BC treatment achieved a significant reduction 

in cancer-specific mortality among women with BC.2 
As survivors of BC live longer, the survivors have a 
higher probability of noncancer mortality and more 
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attention toward comorbidities in the management of 
BC survivorship is required.3 Among these comorbid-
ities, cardiovascular death is a major cause of mortal-
ity in survivors of BC.4 The cardiovascular risk could 
be even higher in these survivors because treatment 
options for BC treatment, such as anthracycline, ra-
diation therapy, and trastuzumab, have cardiotoxic 
effects.5 Therefore, it is important to identify patients 

with BC who are at high risk of major adverse cardio-
vascular events (MACE) to guide further cancer ther-
apy decisions.6 Recent studies have highlighted the 
importance of conventional cardiovascular risk factors 
in cardiovascular outcomes among survivors of BC.7,8 
In this regard, a risk stratification scheme using both 
conventional and BC treatment-related cardiovascular 
risk factors may provide a more comprehensive as-
sessment of the risk of MACE. The performance of the 
predictive model can be improved by combining both 
conventional and BC treatment-related cardiovascular 
risk factors. Thus, the purpose of this study was to de-
velop and validate a risk scoring system that included 
both conventional and BC treatment-related cardio-
vascular risk factors for MACE among survivors of BC.

METHODS
The data, analytical methods, and study materials will 
not be made available to other researchers for pur-
poses of reproducing the results or replicating the 
procedure.

Cohort Creation
We retrospectively identified 1443 consecutive female 
patients with BC who were diagnosed at 4 affiliated 
hospitals (Hallym University Sacred Heart Hospital, 
Kangnam Sacred Heart Hospital, Chuncheon Sacred 
Heart Hospital, and Dongtan Sacred Heart Hospital) 
in South Korea from November 2005 to September 
2015. All the subjects were adult Asian women. The 
exclusion criteria were a history of surgical treatment, 
radiotherapy, or chemotherapy in patients with BC, 
conducted in hospitals other than the 4 specified, 
history of anthracycline-based chemotherapy before 
inclusion in this study, or unavailability of accurate 
treatment-related information. Finally, a total of 1256 
patients were enrolled in this study. The study popula-
tion was randomized on a 1:1 ratio into the derivation 
and validation cohorts. Various patient demograph-
ics, including age, sex, body mass index, comorbid 
conditions, and estimated glomerular filtration rate, 
were extracted from the Clinical Data Warehouse of 
Hallym Medical Center. Detailed data regarding the 
BC therapy, including the anthracycline and total radia-
tion doses, were reviewed from the hospital medical 
records. Survival and cardiovascular outcomes were 
identified from the Clinical Data Warehouse of Hallym 
Medical Center. We then surveyed the medical records 
of the outpatient, hospital, and emergency depart-
ments to confirm the diagnoses of the main outcome 
end points. A myocardial infarction was defined as (1) 
anginal chest pain lasting for at least 30 minutes, (2) 
significant ST-segment changes in 2 contiguous leads 
of a standard 12-lead electrocardiogram, and (3) either 

CLINICAL PERSPECTIVE

What Is New?
•	 This study derived and validated a predictive 

model (CHEMO-RADIAT; congestive heart fail-
ure, hypertension, elderly, myocardial infarction/
peripheral artery occlusive disease, obesity, 
renal failure, abnormal lipid profile, diabetes 
mellitus, irradiation of the left breast, anthra-
cycline dose, and transient ischemic attack/
stroke) for the major cardiovascular events that 
may occur after the diagnosis of breast cancer 
(BC) in a real-world multicenter cohort.

•	 The CHEMO-RADIAT score is the first predic-
tive model that is based on both conventional 
cardiovascular risk factors (heart failure, hyper-
tension, old age [age ≥60  years], myocardial 
infarction/peripheral artery disease, obesity 
[body mass index ≥30 kg/m2], renal failure [es-
timated glomerular filtration rate <60  mL/min 
per 1.73  m2], dyslipidemia, diabetes mellitus, 
and transient ischemic attack/stroke), and BC 
treatment-related cardiovascular risk factors 
(radiation to the left breast and the doxorubicin 
equivalent dose per 100 mg/m2).

•	 The combination of conventional and BC 
treatment-related cardiovascular risk factors 
improved the performance of the predictive 
model; the CHEMO-RADIAT score performed 
well in predicting major cardiovascular events 
for survivors of BC.

What Are the Clinical Implications?
•	 Risk stratification using a risk scoring system 

may improve cardiovascular outcomes of pa-
tients with BC by identifying the patients at risk 
for cardiovascular events.

•	 The CHEMO-RADIAT score may be a useful 
tool for multidisciplinary decision-making re-
garding therapeutic options for BC treatment.

Nonstandard Abbreviations and Acronyms

BC	 breast cancer
MACE	 major adverse cardiovascular events
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rise of the creatine kinase–MB isoform to more than 
twice the normal upper limit or troponin T elevation ex-
ceeding 0.1 ng/mL. Patients were considered to have 
heart failure (HF) if they presented with signs or symp-
toms of HF with elevated N-terminal fragment of B-type 
natriuretic peptide or B-type natriuretic peptide levels 
and 1 of the following criteria: (1) lung congestion or (2) 
objective findings of left ventricular systolic dysfunction 
or structural heart disease.9,10 To assess lung conges-
tion, we reviewed chest radiography and the medical 
chart. A stroke was defined as a sudden onset of the 
relevant focal deficits, documented by neurological ex-
amination and lasting >24  hours. Transient ischemic 
attack was defined as the acute onset of a focal neu-
rologic symptom lasting less than 24  hours. All the 
medical records of the patients with cardiovascular 
events were reviewed and validated by an independ-
ent adjudication committee. The study was approved 
by the Institutional Review Board of Hallym University 
Dongtan Sacred Heart Hospital. The requirement for 
informed consent was waived because of the retro-
spective study design.

Formula for the Doxorubicin Equivalent 
Dose
We used the following formulas from a previous re-
port to convert to the doxorubicin isotoxic equivalent 
dose before calculating the total cumulative anthracy-
cline dose: for doxorubicin, we used the total dose; for 
daunorubicin, we multiplied the total dose by 0.5; for 
epirubicin, we multiplied the total dose by 0.5; and for 
idarubicin, we multiplied the total dose by 2 (for exam-
ple, if a patient received epirubicin at a dose of 90 mg/
m2, the patient’s doxorubicin equivalent dose was 
90×0.5=45 mg/m2).11

Statistical Analysis
Continuous variables are expressed as mean±SD, 
and categorical data are expressed as numbers and 
percentages. Nonparametrically distributed continu-
ous variables are reported as median values with in-
terquartile ranges. For comparisons across groups, 
continuous variables were compared using Student’s 
t test, and categorical variables were analyzed using 
the chi-square test or Fisher’s exact test, as appropri-
ate. Survival data were analyzed using the Kaplan–
Meier method with the log-rank test. Cox proportional 
hazard model was used for predicting MACE in the 
derivation cohort. A penalized Cox proportional haz-
ards model was used to avoid overfitting.12 We used 
the Least Absolute Shrinkage and Selection Operator 
method, and the optimal penalty factor was assessed 
by likelihood cross-validation approach using the “pe-
nalized” package in R.13 To build the risk-score chart, 
the score for each variable was calculated by dividing 

each penalized regression coefficient by the smallest 
penalized coefficient and rounding it to the nearest 
integer.14 To quantify the discriminative ability of each 
predictive model, the time-dependent C-indices at 1, 3, 
and 7 years for censored survival data were examined. 
Values of C-index close to 1 indicate good discrimina-
tive power, and values below 0.5 or 0.5 mean poor dis-
crimination ability. The low, intermediate, and high risks 
for MACE score thresholds were defined based on 
visual inspection of the Kaplan–Meier curve, the P val-
ues from the log-rank test, and the risk criteria for car-
diac dysfunction after cancer therapy proposed by the 
American Society of Clinical Oncology Clinical Practice 
Guidelines for Prevention and Monitoring of Cardiac 
Dysfunction in Survivors of Adult Cancers.15 The cali-
bration of the models was assessed using the Hosmer-
Lemeshow test. Decision curve analysis was performed 
to compare the proposed model with the prediction 
model based on the conventional cardiovascular risk 
factors in the validation cohort. A value of P<0.05 was 
considered statistically significant. Statistical analyses 
were performed using R version 3.2.1 (R Foundation for 
Statistical Computing, Vienna, Austria).

RESULTS
Baseline Demographics
The baseline characteristics of the cohort are pre-
sented in Table  1. The mean population age was 
51.4±10.7  years, and the median follow-up duration 
was 48.7 (25.8–71.8) months. All subjects underwent 
radiotherapy and surgery for BC. Regarding treat-
ment, 70.7% of the patients underwent chemotherapy 
with a regimen containing anthracycline, 884 (70.4%) 
patients received selective estrogen receptor modu-
lators or aromatase inhibitors, and 150 (11.9%) pa-
tients received treatment with antihuman epidermal 
growth factor receptor antibodies. The median cu-
mulative doxorubicin equivalent dose was 240 [240–
300] mg/m2. The derivation and validation cohorts 
were well balanced except regarding the presence 
of diabetes mellitus (DM). During the 5402.2 person-
years of follow-up, 21 patients (1.7%) experienced 
MACE (1.6% versus 1.8% in the development and 
validation groups, respectively; P=1.0), and 34 deaths 
were identified. The median time interval between the 
MACE and cancer diagnosis was 22.6 (16.9–45.2) 
months. The most common cause of death was can-
cer, followed by cardiovascular death and infection 
(25, 3, and 3 deaths, respectively). The 7-year overall 
survival rate and cancer-specific survival rate were 
96.3% (95% CI, 94.9–97.8%) and 97.1% (95% CI, 
95.8–98.5%), respectively. The cardiovascular death-
free survival rate was 99.8% (95% CI, 0.995–0.999) 
at 7 years.
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Development of a New Risk Score for 
MACE Among Survivors of BC
The information for the development of the new scor-
ing system was extracted from the derivation cohort. 
Table 2 shows the estimated hazard ratios, coefficients 
for a cardiovascular risk prediction model, including 
BC treatment-related risk factors and conventional risk 
factors. Number of baseline cardiovascular risk factors 

(hypertension, old age [≥60 years], obesity [body mass 
index ≥30 kg/m2], renal failure [estimated glomerular filtra-
tion rate<60 mL/min per 1.73 m²], DM, and dyslipidemia), 
prior cardiovascular diseases (myocardial infarction, 
HF, and stroke/transient ischemic attack), doxorubicin 
equivalent dose per 100 mg/m2, and radiation to the left 
breast, retained in the penalized Cox proportional haz-
ards regression model. These retained variables were 

Table 1.  Baseline Characteristics

Derivation cohort (N=628) Validation cohort (N=628) Total (N=1256) P Value

Age, y 51.4±10.7 51.5±10.7 51.4±10.7 0.876

Hypertension, n (%) 103 (16.4) 104 (16.6) 207 (16.5) 1

Diabetes mellitus, n (%) 39 (6.2) 70 (11.1) 109 (8.7) 0.003

Dyslipidemia, (%) 171 (27.2) 179 (28.5) 350 (27.9) 0.66

Prior myocardial infarction or peripheral 
artery occlusive disease, n (%)

4 (0.6) 4 (0.6) 8 (0.6) 1

Prior HF, n (%) 2 (0.3) 3 (0.5) 5 (0.4) 1

eGFR, mL/min per 1.73 m² 96.3±23.2 96.2±23.0 96.3±23.1 0.921

eGFR<60 mL/min per 1.73 m² 15 (2.4) 18 (2.9) 33 (2.6) 0.724

BMI, kg/m2 24.2±3.5 24.5±3.5 24.4±3.5 0.182

BMI ≥30 kg/m2 33 (5.3) 46 (7.3) 79 (6.3) 0.163

Cancer stage, n (%) 0.51

0 9 (1.4) 3 (0.5) 12 (1.0)

I 267 (42.5) 274 (43.6) 541 (43.1)

II 244 (38.9) 239 (38.1) 483 (38.5)

III 104 (16.6) 107 (17.0) 211 (16.8)

IV 4 (0.6) 5 (0.8) 9 (0.7)

Side of radiation therapy, n (%) 0.968

Right side 316 (50.3) 313 (49.8) 629 (50.1)

Left side 301 (47.9) 303 (48.2) 604 (48.1)

Both sides 11 (1.8) 12 (1.9) 23 (1.8)

Total radiation dose, Gy 58.1±5.9 58.4±6.2 58.2±6.1 0.464

Surgical treatment, n (%) 0.257

None 1 (0.2) 0 (0.0) 1 (0.1)

Breast conserving surgery 522 (83.1) 499 (79.5) 1021 (81.3)

Radical mastectomy 102 (16.2) 126 (20.0) 228 (18.1)

Others 3 (0.5) 3 (0.5) 6 (0.5)

Chemotherapy, n (%) 497 (79.1) 501 (79.9) 998 (79.5) 0.791

Use of anthracycline, n (%) 444 (70.7) 444 (70.7) 888 (70.7) 1

Doxorubicin equivalent dose, mg/m2* 240.0 [240.0–300.0] 240.0 [240.0–300.0] 240.0 [240.0–300.0] 0.898

Endocrine treatment, n (%) 424 (67.5) 460 (73.2) 884 (70.4) 0.031

Trastuzumab, n (%) 73 (11.6) 77 (12.3) 150 (11.9) 0.794

Cardiovascular events, n (%) 11 (1.8) 10 (1.6) 21 (1.7) 1

HF, n (%) 5 (0.8) 5 (0.8) 10 (0.8)

Myocardial infarction, n (%) 1 (0.2) 1 (0.2) 2 (0.2)

Stroke, n (%) 4 (0.6) 5 (0.8) 9 (0.7)

Cardiovascular deaths, n (%) 2 (0.3) 1 (0.2) 3 (0.2)

Values are shown as mean±SD and number (percentage) for continuous and categorical variables. The differences in the groups are presented as overall 
P values.

BMI indicates body mass index; eGFR, estimated glomerular filtration rate; and HF, heart failure.
*Doxorubicin equivalent dose among patients who underwent anthracycline-based chemotherapy.
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included in the integrated risk score model. To develop 
a scoring system, points were designated to each pre-
dictor based on the coefficients of each variable from 
the penalized Cox proportional hazard regression model 
(Table 2). The new risk scheme was given the acronym 
CHEMO-RADIAT (congestive heart failure, hypertension, 
elderly, myocardial infarction peripheral artery occlusive 
disease [PAOD], obesity, renal failure, abnormal lipid pro-
file, DM, irradiation of the left breast, anthracycline dose, 
and transient ischemic attack/stroke; Table 3).

Predictive Performance of the CHEMO-
RADIAT Score
The new CHEMO-RADIAT score yielded 1-, 3-, and 
7-year censored C-indices of 0.679 (95% CI, 0.508–
0.089), 0.715 (95% CI, 0.519–0.911), and 0.793 (95% 

CI, 0.653–0.933), respectively, in the derivation cohort. 
The validation group showed good C-indices at 1, 3, 
and 7 years (0.811, 0.876, and 0.842; 95% CI, 0.701–
0.915, 0.786–0.966, and 0.725–0.959, respectively) ac-
cording to new scoring scheme (Table 4). There was 
no evidence of poor calibration according to the results 
of the Hosmer-Lemeshow goodness-of-fit statistics 
(P=0.090 and 0.181 for the derivation and validation co-
horts, respectively). The low-, moderate-, and high-risk 
(0–2, 3–5, and ≥6 points, respectively) groups were cat-
egorized according to the CHEMO-RADIAT score. The 
proportions of the low, moderate, and high-risk groups 
were 49.5%, 44.6%, and 5.9% in the derivation cohort 
and 47.6%, 45.7%, and 6.7% in the validation cohort, 
respectively. Figure shows the MACE-free survival 
curve of the 3 risk groups with statistically significant 
differences (log-rank P<0.001 and P=0.003 for the deri-
vation and validation cohorts, respectively). The survival 
curves clearly show that the low-risk group in both 
groups had an extremely low probability of MACE. The 
MACE incidence rates of the low-risk group were 0.08 
and 0.09 per 100 person-years in the derivation and 
validation cohorts, respectively. The C-index at 7 years 
after BC diagnosis was significantly increased when BC 
cancer therapy-related cardiovascular risk factors were 
incorporated into the conventional cardiovascular risk 
factor data (Table 4). The net benefit of the CHEMO-
RADIAT score was also higher than that of the predic-
tion model based on only conventional cardiovascular 
risk factors (Figure S1).

DISCUSSION
Main Findings
In this study, we derived and validated a simple risk 
scoring system (CHEMO-RADIAT score) that estimates 
the risk of MACE after BC treatment in a multicenter 
cohort. Conventional cardiovascular risk factors were 

Table 2.  Result of Multiple Cox Proportional Hazards Regression Model and Penalized Cox Regression Model With Cross 
Validation Approach for MACE

Multiple Cox proportional hazards regression Penalized Cox proportional hazards regression

HR 95% CI P Value Coefficient HR

No. of cardiovascular risk factors* 1.91 1.16–3.13 0.011 0.617 1.85

No. of prior cardiovascular diseases† 4.24 1.29–13.91 0.017 0.991 2.72

Doxorubicin equivalent dose per 100 mg/m2 
(rounded to nearest integer)

1.97 1.23–3.13 0.005 0.571 1.77

Left-sided radiation therapy 2.73 0.71–10.58 0.145 0.598 1.82

Endocrine therapy 1.2 0.13–1.66 0.237

Trastuzumab 2.27 0.59–18.68 0.231

HR indicates hazard ratio; and MACE, major adverse cardiovascular events.
*Cardiovascular risk factors included hypertension, elderly patients (≥60 years old), obesity (body mass index ≥30 kg/m2), renal failure (estimated glomerular 

filtration rate <60 mL/min per 1.73 m²), dyslipidemia, and diabetes mellitus.
†Cardiovascular diseases included congestive heart failure, myocardial infarction/peripheral artery disease, and stroke.

Table 3.  Assignment of the CHEMO-RADIAT Model Scores

Variables Score

Congestive heart failure 2

Hypertension 1

Elderly (age ≥60) 1

Myocardial infarction/peripheral artery occlusive 
disease

2

Obesity 1

Renal failure (estimated glomerular filtration rate 
<60 mL/min per 1.73 m²)

1

Abnormal lipid profile (dyslipidemia) 1

Diabetes mellitus 1

Irradiation to left breast with ≥30 Gy dose 1

Anthracycline dose (doxorubicin equivalent 
dose: for daunorubicin multiply by 0.5, for 
epirubicin multiply by 0.5, for idarubicin multiply 
by 2)

1 per each 100 mg/
m2 (rounded to 
nearest integer)

Transient ischemic attack/stroke 2

CHEMO-RADIAT indicates congestive heart failure, hypertension, elderly, 
myocardial infarction/peripheral artery occlusive disease, obesity, renal 
failure, abnormal lipid profile, diabetes mellitus, irradiation of the left breast, 
anthracycline dose, and transient ischemic attack/stroke.
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kept as independent predictors of MACE after BC 
therapy with additional adjustment for BC treatment-
related cardiovascular risk factors (side of radiation 
therapy and anthracycline dose). The performance 
of the predictive model was significantly improved by 
including both the BC treatment-related and conven-
tional cardiovascular risk factors. The CHEMO-RADIAT 
score showed a good ability to discriminate according 
to censored C-statistics at 3 and 7 years after the BC 
diagnosis, which were greater than 0.8 in the validation 
group. It also performed well in identifying patients at 
low risk of cardiovascular.

BC Therapy-Related Cardiovascular Risk 
Factors
It is well established that anthracycline triggers cardiac 
dysfunction in a dose-dependent fashion.5 Traditionally, 
the lifetime cumulative doxorubicin dose was limited 
to 400  mg/m2 to prevent anthracycline-induced car-
diomyopathy.16,17 However, recent studies have shown 
that the risk of HF is significantly increased even at a 
lower doxorubicin dose than previously reported, and 
anthracycline-related symptomatic HF can occur at a 
doxorubicin dose lower than 300  mg/m2.18–20 These 
results suggest that there is no absolute safe dose 
threshold for anthracycline.6 In this respect, we treated 
the dose of anthracycline not as a simple categorical 
variable but as a complex categorical variable (1 point 
per 100 mg/m2 doxorubicin equivalent dose rounded to 
the nearest integer). This approach can provide more 
individualized risk stratification, especially for patients 
with BC whose chemotherapy included anthracycline. 
Although anti-HER2 treatment improves disease-free 
and overall survival in HER2/neu-positive patients with 
BC,17 it may increase the risk of cardiotoxicity.6,21 In this 
study, however, trastuzumab was not a significant risk 
factor for MACE. There could be several explanations 
for the inconsistent results. First, the end point of this 
study was limited to symptomatic HF. Previous studies 
have shown that the incidence of trastuzumab-related 
symptomatic HF was relatively low, ranging from 0% to 

3.9%, whereas a decrease in the left ventricular ejec-
tion fraction (with or without symptoms) was observed 
in one-third of the patients with BC who received trastu-
zumab.6,22,23 Contrary to anthracycline-induced cardio-
myopathy, the cardiotoxicity of trastuzumab is usually 
reversible after cessation of the trastuzumab and treat-
ment with HF medications.21,23 So, this study may have 
limitations in detecting trastuzumab-induced cardiac 
toxicity. Second, only 11.9% of the patients in this study 
were administered anti-HER-2 treatment. Therefore, 
the notion that the use of HER-2 blocking monoclonal 
antibodies is not a cardiovascular risk factor could not 
be generalized from our findings. Careful monitoring of 
cardiovascular events is essential for patients with BC 
who receive chemotherapy that includes HER-2 block-
ing antibodies.21,24–26 Several studies have reported 
that selective estrogen modulators are associated with 
ischemic stroke and that aromatase inhibitors, relative 
to selective estrogen receptor modulators, increase the 
risk of cardiovascular events.27–29 However, endocrine 
therapy, including treatment with selective estrogen re-
ceptor modulators and aromatase inhibitors, was not a 
significant risk factor in our study. Contrary to the previ-
ous studies,28–30 our study included Asian subjects who 
are relatively young and less obese. The inconsistent 
findings regarding endocrine therapy may have resulted 
from the heterogeneity of the study population.29 Given 
that preexiting risk factors play an important role in 
the development of anti-HER-2 treatment-related car-
diotoxicity,31 this heterogeneity of the study population 
may also contribute to the inconsistent results regard-
ing the effect of anti-HER-2 on MACE in this study.

Left-sided breast radiation therapy was included in 
the risk score analysis in this study. Thoracic radiation 
therapy is linked to increased cardiovascular morbid-
ity and mortality,6,17 and previous studies have shown 
that left-sided breast radiation therapy is associated 
with an increased risk of MACE.32–34 Although the re-
sults of recent trials suggested that the cardiovascular 
risks of breast radiation therapy are likely to be lower 
with the introduction of heart sparing radiation tech-
niques,34 even with modern radiation techniques, the 

Table 4.  Time-Dependent C-Indices of the CHEMO-RADIAT Score for Predicting MACE Compared With the Risk Models 
for the Cardiovascular Risk Factors Plus Cardiovascular Diseases and for Cancer Therapy-Related Risk Factors in the 
Validation Cohort at 3 and 7 years

Risk scheme

At 3 y At 7 y

C-index (95% CI) P Value C-index (95% CI) P Value

CHEMO-RADIAT* 0.876 (0.786–0.966) 0.842 (0.725–0.959)

Conventional Cardiovascular risk 
factors†

0.809 (0.683–0.937) 0.241 0.751 (0.599–0.903) 0.044

CV, cardiovascular; and MACE, major adverse cardiovascular event.
*CHEMO-RADIAT includes congestive heart failure (2 points), hypertension (1 point), elderly (1 point), myocardial infarction/peripheral artery disease (2 

points), obesity (1 point), renal failure (1 point), abnormal lipid profile (1 point), diabetes mellitus (1 point), irradiation to the left breast (1 point), anthracycline dose 
(1 point per doxorubicin equivalent dose of 100 mg/m2), and transient ischemic attack/stroke (2 points).

†Conventional CV risk factors include the variables in CHEMO-RADIAT except radiation therapy to the left breast and the anthracycline dose.
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mean radiation dose to the heart is still greater with 
radiation therapy to the left breast (ranging between 
2–7 Gy) compared with right-sided radiation therapy 
(1.2–2 Gy).35 Moreover, in patients with BC who un-
dergo left-sided radiotherapy, part of the left ventricle 
receives radiation doses greater than 20 Gy.35,36 The 
incidence of MACE is strongly associated with the ra-
diation dose delivered to the heart, for which there is 
no apparent threshold,37,38 and the cardiovascular risk 

of left-sided breast radiation therapy can be increased 
by the concomitant use of chemotherapy.39

Conventional Cardiovascular Risk Factors 
in Patients with BC
Traditional cardiovascular risk factors are significant 
predictors of MACE, even after adjusting for chemo-
therapy and radiation therapy.8,15,40 Elderly patients 

Figure 1.  Kaplan–Meier curves for MACE-free survival after breast cancer therapy according to 
risk stratification by the CHEMO-RADIAT score in the derivation (A) and the validation (B) cohorts.
CHEMO-RADIAT indicates congestive heart failure, hypertension, elderly, myocardial infarction/peripheral 
artery occlusive disease, obesity, renal failure, abnormal lipid profile, diabetes mellitus, irradiation of the 
left breast, anthracycline dose, and transient ischemic attack/stroke; CV, cardiovascular; and MACE, 
major adverse cardiovascular events.
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with BC and preexisting cardiovascular disease may 
have a risk of cardiovascular death exceeding that 
of death due to BC.41 A recently proposed risk score 
based on age, preexisting cardiovascular disease, 
and conventional cardiovascular risk factors displayed 
a good ability to predict MACE after the diagnosis of 
early BC.40 Smoking is another important cardiovas-
cular risk factor for survivors of BC.42,43 Recent Korean 
female population-based studies, however, did not 
show a significant association between smoking and 
cardiovascular events in patients with BC.44,45 The in-
consistent results may be attributable to a far lower 
smoking rate among Korean women than that reported 
in Western population-based studies.46 According to 
the Korean national statistical information service data, 
the reported smoking rate of the general Korean fe-
male population was 3.5% in 2018.47

Clinical Implications of the CHEMO-
RADIAT Score
Over the past decade, cardio-oncology has emerged 
as an integrative field in medicine, but attention was 
solely given to the cardiovascular diseases that are 
secondary to cancer therapies, and less emphasis 
has been placed on the prediction and prevention of 
cardiovascular events in patients with BC.6,48 Given 
that BC and cardiovascular disease share similar 
predisposing risk factors, survivors of BC frequently 
present with multiple cardiovascular risk factors.6,48 
Moreover, options for BC therapy confer cardiac tox-
icity,5 which develops with “multiple hits” that involve 
multiple risk factors.17,18 In this regard, a combination 
of conventional and BC therapy-related cardiovascu-
lar risk factors would provide a comprehensive as-
sessment of the cardiovascular risk for survivors of 
BC.6,15,49 The American Society of Clinical Oncology 
Clinical Practice Guidelines for Prevention and 
Monitoring of Cardiac Dysfunction in Survivors of Adult 
Cancers have already proposed criteria for patients 
at risk of cardiac dysfunction after cancer treatment 
that is based on both conventional and BC therapy-
related cardiovascular risk factors.15 However, the di-
agnostic value of the criteria has not yet been studied. 
Recently, a new cardiovascular risk score system for 
patients with BC was developed and validated using 
large population-based cohorts.40 Contrary to this 
risk score, which was based solely on the conven-
tional risk factors, our results appear to be meaning-
ful in developing and validating a cardiovascular risk 
score system that uses both conventional and BC 
treatment-related cardiovascular risk factors. Recent 
HF treatment has made good strides,9,50 and early 
detection and treatment can improve the prognosis of 
cancer therapy-related cardiotoxicity.51 Therefore, risk 
stratification using a risk scoring system may improve 

the cardiovascular outcomes of patients with BC by 
identifying those patients who are expected to ben-
efit from close observation for early detection. As our 
risk scoring system provides comprehensive cardio-
vascular risk assessment for BC therapy, it can be 
used for multidisciplinary decision-making regarding 
the therapeutic options for BC. The scoring system 
would encourage BC therapy for patients with a truly 
low probability of MACE. Finally, we believe that the 
results of our study support the contemporary cardio-
oncology paradigm where cancer and cardiovascular 
disease intersect.6

Limitations
This study has several potential limitations. First, the 
end point could have been underestimated because 
only symptomatic cardiovascular events were identi-
fied and not every patient underwent echocardiog-
raphy regularly after receiving BC therapy. Second, 
this study included a limited number of patients with a 
small number of MACE. Therefore, our model needs to 
be validated in a prospective cohort study with a large 
number of subjects. Third, our risk score prediction 
model was derived from a cohort with a limited follow-
up duration. Therefore, the use of our risk score model 
may be limited for predicting long-term cardiovascu-
lar outcome. Fourth, the CHEMO-RADIAT score was 
derived and validated using the cohort that consisted 
of only Asian female subjects who are relatively less 
obese than their Western counterparts.52 Besides, pa-
tients’ smoking status, which is another important car-
diovascular risk factor, was neither fully evaluated nor 
included in the model. Therefore, this risk score sys-
tem may have a different threshold for risk-stratification 
when applied to different ethnic groups with a higher 
prevalence of smoking or obesity. Lastly, we did not 
include each individual cardiovascular risk factor in the 
multivariate prediction model. Instead, we treated them 
as a composite of risk factors. As each risk factor does 
not equally contribute to the development of MACE, 
our risk score system may not provide an accurate risk 
assessment for each variable. However, the number 
of cardiovascular risk factors is linearly related to the 
cardiovascular risk6,8 and the risk of cancer therapy-
related cardiotoxicity increases with age and baseline 
cardiovascular risk factors.6 Although our risk score 
compromised the accurate risk assessment of each 
risk factor, its strength lies in in its ability to provide a 
comprehensive assessment of the cardiovascular risk 
among patients with BC who are exposed to therapy-
related cardiac toxicity and who have multiple baseline 
cardiovascular risk factors. Another strength is that 
our cohort represents real-world patients with BC with 
detailed data regarding the anthracycline doses and 
methods of radiation therapy. Therefore, we were able 
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to examine the impact of both conventional and BC 
therapy-related risk factors on cardiovascular events.

CONCLUSIONS
We developed and validated a risk score model to 
estimate the cardiovascular risk after BC treatment 
in a multicenter cohort. The score (CHEMO-RADIAT), 
which is based on BC treatment-related and con-
ventional cardiovascular risk factors, showed a good 
performance. These results highlight the importance 
of combining conventional and BC treatment-related 
cardiovascular risk factors for determining the car-
diovascular risk in BC. As the CHEMO-RADIAT score 
included BC treatment-related cardiovascular risk fac-
tors, it can be a useful decision-making tool when con-
sidering BC treatment options.
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SUPPLEMENTAL MATERIAL 



Figure S1. Decision curves for the predictive model based on the conventional 

cardiovascular (CV) risk factors and CHEMO-RADIAT scores in the validation cohort.  




