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ABSTRACT
Objective Adjuvant chemotherapy with trastuzumab 
improves the postoperative life expectancy of women 
with early- stage breast cancer. Although trastuzumab is 
reportedly cardiotoxic, quantification based on real- world 
evidence is lacking. Therefore, in this study, we aimed to 
analyse trastuzumab cardiotoxicity using a nationwide 
claim- based database.
Methods In this retrospective study, we used data from a 
nationwide claims database (Japan Medical Data Center, 
Tokyo, Japan) under the universal healthcare system. 
Women with breast cancer who underwent initial surgery 
were included. Patients with recurrent or advanced- stage 
breast cancer, with a history of heart failure, receiving 
neoadjuvant chemotherapy or a preoperative history of 
less than 6 months were excluded. Propensity score (PS) 
was calculated using logistic regression based on age, 
cardiovascular risk factors, radiotherapy and concomitant 
anthracyclines (AC).
Results We identified 12 060 eligible patients (mean age 
50.8±8.56 years) between January 2010 and December 
2019. After 1:2 PS matching (trastuzumab users, TZ, 
n=1005; non- users, NT, n=2010), Cox proportional 
hazards model analysis showed that the rate of heart 
failure development within 18 months postoperative 
was significantly higher in the TZ group than in the NT 
group (adjusted HR 2.28, 95% CI 1.38 to 3.77). Baseline 
cardiac evaluation in the combined AC/TZ cases was 
27.2% preoperative, 66.0% pre- AC and 86.6% pre- TZ, 
respectively.
Conclusion Trastuzumab cardiotoxicity remained relevant 
in the claim- based analysis adjusted for AC effects. 
Further collaborative studies in cardio- oncology with real- 
world data are warranted to improve the rate of baseline 
cardiovascular risk assessment in patients with cancer 
scheduled for cardiotoxic cancer treatment.

INTRODUCTION
Breast cancer (BC) is the most prevalent 
type of cancer in women.1 Trastuzumab, a 
humanised monoclonal antibody, plays an 
essential role in treating patients with human 
epidermal growth factor receptor 2 (HER2)- 
positive BC, as it significantly reduces 
mortality in metastatic2 and adjuvant settings.3 
However, trastuzumab- induced cardiotoxicity 

is a concern that must be addressed while 
administering the drug.4 5 Currently, adjuvant 
and neoadjuvant chemotherapy with trastu-
zumab is the standard treatment for patients 
with HER2- positive early- stage BC (ESBC) 
and is usually administered preoperatively 
or postoperatively for 1 year.3 Early discon-
tinuation of trastuzumab due to symptomatic 
heart failure can affect life expectancy,6 and 
practice guidelines recommend baseline 
cardiovascular risk assessment and regular 
monitoring depending on the level of risk.7 8 
In contrast, there are concerns that cancer 
treatment may be unnecessarily interrupted 
due to overdiagnosis of cardiac dysfunction,9 
and low rates of preoperative echocardiog-
raphy have been reported in real- world situ-
ations.10 Therefore, strategies for preventing, 
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diagnosing, and treating trastuzumab- induced cardiotox-
icity must be optimised for improved patient outcomes.

Cardio- oncology is a new interdisciplinary field 
encompassing cardiology and oncology.11 However, in 
developing evidence- based guidelines, the shared goal 
of improving patient outcomes has highlighted chal-
lenges related to traditional research approaches.7 9 12 
For instance, patients with cancer have been excluded 
from major cardiovascular studies, while many cancer 
clinical trials have not fully validated cardiovascular end 
points. Moreover, cancer and cardiovascular disease 
share common risk factors, such as smoking and obesity, 
presumably because of similar underlying mechanisms, 
including chronic inflammation.13 14 One of the most 
promising new methodologies in regulatory science 
is real- world evidence (RWE), a new concept recently 
proposed by the US Food and Drug Administration.15 
By definition, real- world data (RWD) are data routinely 
collected from a variety of sources, including insurance 
claim databases, patient registries, electronic medical 
records and social networking services. Moreover, RWE is 
clinical evidence derived from RWD analysis. Therefore, 
obtaining RWE from relevant RWD to serve evidence- 
based practice guidelines is one of the most critical chal-
lenges in cardio- oncology.16

Japan Medical Data Center (JMDC) is one of the 
most promising RWD sources because this health insur-
ance claim database takes advantage of anonymous data 
linkage, universal coverage and fee- for- service (FFS) 
payment systems.17–19 The anonymous linkage algo-
rithm of this claim database enables the provision of a 
patient- centred relational database, including monthly 
billing receipts collected from hospitals, clinics and phar-
macies, with codes for diagnosis, drugs, surgeries and 
diagnostic tests.17 Under the national universal health 
insurance system, JMDC has grown to enrol approx-
imately 8.4 million insured subscribers registered by 
2020, although there is known ‘healthy- worker bias’.18 In 
addition, the FFS payment system allows for a low rate 
of missing values, especially for expensive drugs and 
surgical procedures.20 However, to the best of our knowl-
edge, no study in Japan has applied insurance claims 
databases to cardio- oncology. Therefore, in this study, we 
analysed trastuzumab cardiotoxicity using the nationwide 
claim- based database JMDC to provide reliable and rele-
vant RWD in the field of cardio- oncology.16

METHODS
Data source
In this retrospective cohort study, we used deidenti-
fied individual- level data obtained from JMDC, Tokyo, 
Japan.17–19 The data provided by the JMDC have charac-
teristics that are less likely to have outliers and time- series 
inconsistencies because the consistency of the data has 
been confirmed through an external review process.18 In 
addition, the data are standardised with codes provided 
by the JMDC, such as International Classification of 

Diseases (ICD- 10) and Anatomical Therapeutic Chem-
ical Classification (ATC).17 In this study, standard codes 
provided by the JMDC are indicated in square brackets.

Patient selection
The subjects were women with a diagnosis code of BC who 
underwent a breast surgery between January 2010 and 
December 2019. Based on monthly insurance claims, codes 
for diagnoses, tests, prescriptions and surgeries were anon-
ymously linked to each patient from multiple providers. 
Recurrent and advanced cases were excluded to focus on 
those with ESBC. Patients with a history of heart failure, 
receiving neoadjuvant chemotherapy or with preoperative 
records less than 6 months old were also excluded to mini-
mise the influence on trastuzumab cardiotoxicity.

Treatment strategies for BC
To delineate treatment strategies for ESBC,13 we summarised 
the data of patients prescribed anthracyclines, taxanes or anti-
tumour hormone antagonists at least once, and at least one 
dose of radiation therapy. In addition, subjects prescribed 
trastuzumab at least once were included in the exposed 
group. Finally, claims data for mammography, breast ultra-
sound, needle biopsy procedures and diagnostic testing for 
oestrogen receptor and HER2 were collected.

Cardiovascular risk factors
Preoperative cardiovascular risk factors,13 including 
diabetes mellitus, hypertension and dyslipidaemia, were 
defined using combinations of diagnosis and treatment 
in the same monthly billing receipt. Furthermore, as 
claim- based databases used in Japan include the category 
‘tentative diagnosis’ for reimbursement, diagnosis and 
prescription were combined for specificity.21 Additionally, 
age 50 years and older was included as an explanatory 
variable, as cardiovascular risk factors and cancer treat-
ment strategies change dynamically during menopause.13

Baseline cardiac assessment and patient outcomes
As an indicator for baseline cardiac assessment, at least 
one order for echocardiography was adopted because the 
specificity of the test order, as opposed to the diagnosis 
code, is high in the Japanese FFS health insurance.21 In 
this claim- based analysis, we defined congestive heart 
failure (CHF) based on a combination of diagnosis and 
prescriptions on the same monthly receipt. The primary 
outcome of this study was the development of CHF within 
18 months postsurgery. We focused on the first 1.5 years 
based on previous reports on trastuzumab cardiotox-
icity.22–24 The other outcomes were also evaluated.

We set the cut- off date as the end of September 2020 
and censored at the end of follow- up, at the time of with-
drawal, or at 18 months after surgery.

Statistical analyses
Baseline characteristics are summarised using mean 
values (SD) for continuous data and counts (percentage; 
%) for categorical data. Intergroup comparisons were 
performed using crude analysis and propensity score 
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(PS) matching.25 PS was generated using logistic regres-
sion, with the dependent variable being trastuzumab 
treatment. Independent variables were selected as poten-
tial confounding factors based on the results of a previous 
study,24 and included age at surgery (>50 years), sequential 
anthracyclines, concomitant hormone antagonists and 
preoperative cardiovascular risk factors (diabetes, hyper-
tension and dyslipidaemia). PS matching was performed 
using the greedy pair algorithm with a 1:2 ratio without 
replacements and 0.2 as the calliper width.25 Standard-
ised differences were used to assess residual differences 
in the subset of matched patients.

The rates of CHF during the first 18 months after BC 
surgery with and without trastuzumab exposure were 
compared. We used Cox hazards regression models to 
examine the relationship between the development 
of CHF and exposure to trastuzumab. In addition, we 
calculated the cumulative rate of development of CHF 
using the Kaplan- Meier method and compared with 

and without trastuzumab use using the log- rank test. All 
analyses were performed using SAS Windows, V.9.4 (SAS 
Institute, Cary, North Carolina).

Patient and public involvement
Patients and/or the public were not involved in the design, 
conduct, reporting or dissemination plans of this research.

RESULTS
Data source and patient selection
At the time of data collection, the JMDC database contained 
80 924 BC cases, including tentatively diagnosed cases. 
Among those, 21 748 patients had undergone surgery for 
BC. After excluding patients with data recorded for less than 
6 months in the JMDC, 15 298 women with ESBC who under-
went their first surgery between January 2010 and December 
2019 were selected. Patients with a history of heart failure and 

Figure 1 Flowchart of patient selection. BC, breast cancer; DL, dyslipidaemia; DM, diabetes mellitus; HT, hypertension; 
JMDC, Japan Medical Data Center database.
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metastatic or recurrent BC were excluded, yielding 12 060 
patients. Figure 1 shows the flowchart of patient selection. As 
the JMDC is a claims database using the FFS insurance system 
in Japan, there were no missing data other than withdrawals 
during the study period.

Baseline patient characteristics
Table 1 summarises the baseline characteristics of the 
patients before and after PS matching.

Before matching, the mean age was 50.8±8.56 years. 
Trastuzumab was prescribed in 1005 cases (8.3%) and 
anthracycline in 2185 (18.1%) cases; preoperative 
mammography was performed in 11 275 cases (93.5%) 
and breast ultrasound in 11 932 (98.9%) cases. A needle 
biopsy was performed in 8474 (70.3%) cases, and echo-
cardiography was recorded in 2461 (20.4%) cases. The 
number of cases with the preoperative cardiovascular risk 
factors such as diabetes mellitus, hypertension and dyslip-
idaemia were 251 (2.1%), 729 (6.0%) and 501 (4.2%), 
respectively.

There were 3015 patients in the 1:2 PS matching for 
trastuzumab administration (trastuzumab use group; 
TZ, n=1005 vs no trastuzumab use group; NT, n=2010), 
and covariates were balanced between the groups after 
PS matching. The mean age was 51.3±8.77 years (TZ 
51.1±8.90 years vs NT 51.4±8.71 years).

Preoperative cardiovascular risk of diabetes, hyper-
tension and dyslipidaemia was noted in 83 (2.8%) (TZ 
26 (2.6%), NT 57 (2.8%)), 217 (7.2%) (TZ 68 (6.8%), 
NT 149 (7.4%)) and 109 (3.6%) (TZ 36 (3.6%), NT 73 
(3.6%)) cases, respectively.

Treatment strategy for BC
Preoperative diagnosis of ESBC, systemic therapies and 
endocrine therapy are summarised in table 1. The mean 
duration of trastuzumab therapy was 11.7 months (SD: 
2.98). The time lag between the surgery and the first 
dose of trastuzumab had a median of 4.0 (IQR: 2.0–5.0) 
months. Radiotherapy was performed in 1446 cases 
(48.0%) (TZ 486 (48.4%) vs NT 960 (47.8%)).

Baseline cardiac assessment and patient outcomes
Table 2 shows the cumulative incidence in the PS- matched 
population with age, cardiovascular risk factors and treat-
ment strategies, including anthracyclines. Within 18 
months after surgery, the number of CHF cases was 115 
(1.0%), with 31 all- cause mortalities (0.3%).

After PS matching, the number of patients for whom CHF 
therapy was initiated after surgery and included diuretics, 
beta- blockers and angiotensin- converting enzyme inhibitors 
or receptor blockers was 504 (16.7%) (TZ 205 (20.4%) vs NT 
299 (14.9%)), 60 (2.0%) (TZ 29 (2.9%) vs NT 31 (1.5%)) 
and 108 (3.6%) (TZ 45 (4.5%) vs NT 63 (3.1%)), respec-
tively. The number of patients for whom CHF therapy was 
initiated within 18 months was 61 (2.0%) (TZ 33 (3.3%) vs 
NT 28 (1.4%)), with 18 all- cause deaths within 18 months 
(0.5%) (TZ 4 (0.4%) vs NT 10 (0.5%)).

The HR of CHF in the trastuzumab group was 2.28 (95% 
CI 1.38 to 3.77) in the PS- matched population. In the crude 
population, the HR was 4.32 (95% CI 2.88 to 6.47), exhib-
iting the same trend. The cumulative rate of CHF with tras-
tuzumab is shown in the Kaplan- Meier curve in figure 2. As 
a subgroup analysis, because the known cardiotoxicity of 
concomitant anthracyclines (AC) may modify the effect of 
trastuzumab, we calculated the HR and Kaplan- Meier curve 
using AC (online supplemental table 1,figure 1).

The number of patients with preoperative echocardi-
ography was 750 (24.9%) (TZ 286 (28.5%) vs NT 464 
(23.1%)) (table 1). Within the trastuzumab with anth-
racycline combination group (n=591), the percentage 
of baseline cardiac assessment with echocardiography 
(%echocardiography) was 27.2% (preoperatively), 66.0% 
(pre- AC) and 86.6% (pre- TZ) (table 3).

DISCUSSION
To the best of our knowledge, this is the first RWD study 
in Japan to investigate trastuzumab cardiotoxicity using a 
nationwide claim- based database. A significant increase in 
the incidence of heart failure following adjuvant chemo-
therapy was observed, although there is room for improve-
ment in baseline cardiovascular risk assessment.

One of the most important deliverables of this study is 
the RWD on ethnic factors of trastuzumab cardiotoxicity 
for the new interdisciplinary field of cardio- oncology.26 
Early studies in Japan, a country with a traditionally low 
incidence of cardiovascular disease, showed low tras-
tuzumab cardiotoxicity.27 A population- based study in 
Taiwan also suggested that cardiotoxicity may be lower in 
East Asia.28 In contrast, our previous study conducted in 
a Japanese teaching hospital identified a mild decrease 
in left ventricular ejection fraction (LVEF) in 26% of the 
examined cases, severe decreases in LVEF in 13%, symp-
tomatic heart failure in 6% and premature termination 
of cancer treatment in 2% in patients undergoing adju-
vant trastuzumab therapy.24 In our current RWD study, 
trastuzumab cardiotoxicity remained statistically signifi-
cant after adjusting for the effect of AC administration. 
The advantages of using claims data from FFS payment 
systems under universal healthcare systems are low 
rates of missing values and high generalisability.20 Thus, 
our combined results support that all patients require 
optimum care with cancer therapeutic- related cardiac 
dysfunction in mind, regardless of ethnicity.

To maximise the specificity of our definitions of heart 
failure and cardiotoxicity, we employed a combination of 
diagnosis (ICD- 10) and prescription (ATC) rather than 
diagnosis codes alone. The key to increasing the speci-
ficity of JMDC derives from a report by Fujihara et al,21 
who showed that diagnosis codes alone in the Japanese 
insurance claims database might be insufficient to iden-
tify heart failures. In their validation study using intensive 
chart review as the gold standard, ‘tentative diagnosis’ 
codes for billing purposes increased false- positive 
rates. In addition, false- negative rates were higher with 

https://dx.doi.org/10.1136/openhrt-2022-002053
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diuretics or cardioprotective drugs without heart failure 
codes. In our current study, a combination of diagnosis 
and prescription codes allowed us to quantify the clinical 
course of the patients consistently with our previous chart 
review.24 In addition, interhospital aggregation using the 
JMDC anonymised link system increased the sensitivity 
by revealing real- world risks of heart failure recorded 
outside cancer centres. Thus, we believe that our algo-
rithms to identify heart failure and cardiotoxicity in this 
claim- based analysis are clinically relevant.

RWE requires validations from several perspectives, 
including temporality and biological gradient.16 We focused 
on heart failure at 18 months postsurgery, as adjuvant tras-
tuzumab is associated with a temporal risk of cardiotoxicity 
during the treatment period but not thereafter.22 23 In addi-
tion, our previous study24 showed that most incidences of 
heart failure occurred during trastuzumab therapy (mean 
12 months), although it was confounded by the concomi-
tant use of anthracyclines. We used a large insurance claim 
database for the present investigation to allow PS matching 

using age, cardiovascular risk factors and treatment strat-
egies, including anthracyclines and antitumour hormone 
therapy. Heart failure within 18 months remained associated 
with trastuzumab after adjustment for potential confounders 
(HR=2.28 (CI 1.38 to 3.77)) (table 2). Even after adjusting 
for confounding factors, trastuzumab and heart failure were 
associated during the initial 1.5 years of treatment (figure 2), 
after which no independent association was observed. The 
timing of the median first dose of trastuzumab (table 1), 
a median of 4 months (IQR: 2–5 months), was consistent 
with the steep rise in the cumulative rate of CHF from 6 to 
9 months (figure 2). In this study, we could not evaluate the 
dose- dependency of trastuzumab because the cumulative 
dose could be either a cause or a result of cardiotoxicity. 
However, the combination group, in particular, exhibited a 
stronger trend and higher increase in the cumulative rate of 
cardiotoxicity than those in the other groups, suggesting a 
biological gradient in cardiotoxicity (online supplemental 
figure 1). Therefore, our RWD study is consistent with our 
previous chart review24 and other studies.22 23

We also detected a suboptimal baseline cardiovascular risk 
assessment as a quality indicator for improvement from this 
RWD study. Although our Japanese claims database analysis 
is consistent with the previously known cardiotoxicity, there is 
room for improving the rates of baseline echocardiography 
for patients receiving trastuzumab, especially with AC. In 
our study, especially in the combination anticancer therapy 
group (n=591), 66.0% (pre- AC) and 86.6% (Pre- TZ) of 
the patients underwent echocardiography, which raises the 
concern that prophylactic decision- making may have been 
delayed (table 3). The low compliance in Japan may be due to 
the insufficient allocation of cardiologists to cancer centres.25 
Alternatively, it may be because of the global concern that 
frequent imaging and biomarker measurements for cardiac 
function may lead to an unnecessary interruption of cancer 
treatment.9 As cardiac monitoring is expected to support the 
completion of trastuzumab- based therapy effectively, clinical 
validations in new biomarkers29 and imaging modalities30 for 
monitoring cardiac function during cancer treatment are 
underway. Therefore, the latest guidelines recommend at 
least baseline cardiovascular risk assessment in patients with 
cancer scheduled to undergo cardiotoxic cancer treatment.31 
We believe that future RWD studies in cardio- oncology 
should help narrow the gap between guidelines and practice 
by efficiently providing data to improve patient outcomes.16

Study limitations
As with any observational study, ours had some limita-
tions. First, RWE requires validations from several perspec-
tives, including biological gradient, temporality, strength, 
consistency, specificity and validity.16 However, there may 
be unknown temporality factors in trastuzumab beyond 
our focus of 18 months. Furthermore, the effect of unmeas-
ured confounders remains even after the PS matching. 
Therefore, randomised controlled trials remain the gold 
standard. Second, the JMDC has a ‘healthy- worker bias’ 
with a high proportion of employed people and a low prev-
alence of hypertension.18 However, robust research needs 

Figure 2 Cumulative incidence of postoperative heart 
failure within 18 months among women with early- stage 
breast cancer after propensity score (PS) matching. 
Cumulative incidence of postoperative heart failure within 
18 months between groups was significantly different (log- 
rank test p=0.0009, HR=2.28 (95% CI: 1.38 to 3.77). CHF, 
congestive heart failure.

Table 3 Timing of baseline cardiac assessment with 
echocardiography

Anthracyclines

TotalNo Yes

(N=414) (N=591) (N=1005)

Pre- ope 125 (30.2%) 161 (27.2%) 286 (28.5%)

Pre- AC 390 (66.0%)

Pre- TZ 323 (78.0%) 512 (86.6%) 835 (83.1%)

Pre- AC, period from surgery to anthracycline prescription; Pre- 
ope, preoperative; Pre- TZ, period from surgery to trastuzumab 
prescription.

https://dx.doi.org/10.1136/openhrt-2022-002053
https://dx.doi.org/10.1136/openhrt-2022-002053
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‘triangulation’ with many lines of evidence.16 Therefore, 
RWD from claims databases need to be interpreted using 
other data sources with different characteristics, such as 
randomised controlled trials and patient registries. Third, 
although we leveraged our previous study24 to increase clin-
ical relevance, the terms ‘heart failure’ and ‘cardiotoxicity’ 
used in this claim- based analysis should be interpreted with 
caution. Although we matched diagnosis, prescription and 
surgery codes on the same monthly insurance claim receipts 
to exclude ‘tentative diagnosis’ and increase specificity, the 
sensitivity might have been compromised. Therefore, clin-
ical validation for heart failure diagnosis with imaging,30 
biomarkers29 and other data sources16 is needed to support 
RWD studies. Fourth, the JMDC does not include all factors 
related to intrinsic or extrinsic ethnic factors. Therefore, a fit- 
for- purpose design is needed to evaluate the gene, environ-
ment and gene–environment interactions. Finally, although 
echocardiography is the guideline- recommended modality 
for baseline cardiovascular risk assessment,31 32 it is far from 
ideal as a risk stratification tool for cancer outcomes. There-
fore, there is a need for cardio- oncology studies to evaluate 
the rate of cancer treatment completion and, ultimately, 
overall survival.

CONCLUSIONS
We found an increased risk of heart failure development 
in women who underwent adjuvant trastuzumab therapy 
compared with the control group matched with risk 
factors and the effect of anthracyclines based on Japanese 
claims data. Notably, the RWD revealed a lower imple-
mentation of baseline cardiac assessment in the patients 
with a higher risk of trastuzumab cardiotoxicity due to AC 
use. Therefore, further studies applying this new method-
ology to improve quality indicators in the emerging field 
of cardio- oncology are warranted.
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