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Risk Profiling of Cancer Treatment-Related Cardiovascular
Disorders in Breast Cancer Patients Who Received
Adjuvant Chemotherapy With Trastuzumab
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Background: The prognosis of cancer survivors has dramatically improved, but effective strategies for cancer treatment-related
cardiovascular disorders (CTRCD) remain to be elucidated in the emerging field of cardio-oncology. In this study, we investigated
risk factors for CTRCD in breast cancer patients treated with trastuzumab.

Methods and Results: We performed a retrospective analysis of 141 consecutive women who received adjuvant trastuzumab, and
underwent baseline (BL) and follow-up (FU) echocardiography at Juntendo University between April 2010 and December 2016. The
major concomitant treatment was anthracyclines in 94% and radiotherapy in 53%. During the median treatment period of 11 months,
there were 22 (15.6%) cardiology consultations, 3 (2.1%) treatment interruptions with irreversible CTRCD, and no deaths. Left
ventricular ejection fraction (LVEF) was decreased from a median 67.5% (BL) to 63.4% (FU; P<0.0001), with reduced LVEF noted
in 26.2% at FU<90%BL, in 13.5% at FU<BL-10%, and in 5.7% at LVEFru<53%. A significantly greater percentage of patients with
CTRCD (FU<BL-10% and LVEFru<53%) had cardiovascular risk factors (CVRF; 42.9% vs. 8.2%, P=0.02). On multivariable analysis,
CVRF were also significantly associated with CTRCD (OR, 11.96; 95% CI: 1.30—110.34).

Conclusions: Adjuvant trastuzumab for early-stage breast cancer was associated with reduced LVEF; and CVRF were an independent
predictor for CTRCD. The concomitant effect of anthracyclines should not be underestimated, even at lower doses.
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contributed to lower mortality rates in affected
patients, resulting in the increasing importance of
cancer survivorship care in Japan! and throughout the
world.? Epidemiological studies indicate that one of the
most important causes of death in cancer survivors is
cardiovascular disease (CVD).? In addition to common
risk factors for CVD and cancer,* there is also growing
awareness of cancer treatment-related cardiovascular
disorders (CTRCD) associated with traditional’ and modern
treatment strategies.®$
Cardio-oncology is a rapidly developing field in which

P rogress in medical care for cancer has greatly

cardiologists and oncologists collaborate to deal with novel
issues including CTRCD, with a common goal of improving
the prognosis of cancer patients.” The compelling clinical
need for cardio-oncology services was initially recognized
by major educational hospitals,!® then those efforts gradu-
ally developed into national!12 and academic!? collabo-
rations to conduct research, resulting in publication of
important findings and evidence-based clinical practice
guidelines.14-16

Trastuzumab, one of the first available molecular targeted
therapies, has been found to significantly improve the
prognosis of human epidermal growth factor receptor-2
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HER2-Positive Breast Cancer
With Adjuvant Trastuzumab Therapy

(n=216)

Patients excluded:
4 without LVEF (BL)

67 without LVEF (FU)
2 trastuzumab <90days

BL and FU LVEF (n=141)

[A] FU<90%BL 37 (26.2%)
[B] FU<BL-10% 19 (13.5%)
[C]  LVEF,,<53% 8 (5.7%)
[B&C] CTRCD 7 (5.0%)

2 lost to follow up

CTRCD (+)
(n=7)

Figure 1. Subject selection. CTRCD, cancer therapy-related cardiovascular disorders; BL, baseline; FU, follow-up; HER2, human
epidermal growth factor receptor-2; LVEF, left ventricular ejection fraction.

CTRCD ()
(n=134)

(HER2)-positive breast cancer.!” 1 It was initially approved
for the treatment of metastatic disease,!” and subsequently
for adjuvant chemotherapy for early-stage breast cancer.!8
Cardiotoxicity was also identified in clinical trials, especially
in patients receiving concurrent anthracyclines, and a
warning has been included prominently on the label since
approval was obtained for use.?? The process of developing
cardio-oncology guidelines highlighted the lack of unifor-
mity of cardiac assessment during trastuzumab therapy.2!
For example, some oncology guidelines that distinguish
trastuzumab from anthracycline cardiotoxicity do not
recommend excessive monitoring to avoid unnecessary
discontinuation of cancer treatment.?? In contrast, most
cardiology guidelines recommend routine monitoring of
biomarkers and imaging to detect asymptomatic cardiac
dysfunction rather than waiting for symptomatic heart
failure onset.23 In other words, insufficient data are available
to identify high-risk patients as well as high-risk treatments
for CTRCD in this new field of interdisciplinary research,
demonstrating an urgent need for clinical evidence with
which to develop risk scores?* and validate surrogate
markers.?

The aim of the present study was therefore to provide
real-world data from a cardio-oncology viewpoint regarding
risk profiling and the cardiac assessment of patients with
breast cancer in Japan who are receiving adjuvant trastu-
zumab.

Methods

Subjects

The study flow chart is shown in Figure 1. A total of 216
consecutive female patients with HER2-positive breast
cancer undergoing adjuvant trastuzumab therapy at
Juntendo University Hospital (Tokyo, Japan) between
April 2010 and December 2016 were retrospectively identi-
fied from hospital records. Those without baseline (BL)
echocardiography (n=4), without follow-up (FU) for left

ventricular ejection fraction (LVEF; n=67), with <90 days
of trastuzumab therapy (n=2), and who were lost to FU
(n=2) were excluded from analysis.

Data Collection

BL information collected from the medical records included
age, body mass index (BMI), cardiovascular risk factors
(CVRF; i.e., hypertension, diabetes, dyslipidemia, CVD),
and details regarding cancer treatment (i.e., concurrent
chemotherapy regimens, surgery, radiation therapy).

The protocol for this retrospective study was designed in
accordance with the Declaration of Helsinki and the Ethics
Guidelines for Clinical Research of the Ministry of Health,
Labour, and Welfare of Japan, and received approval from
the Juntendo University Hospital Ethics Committee (17-
271). Informed consent was not required because this was
an observational study with an opportunity to opt out. All
patient data were anonymized prior to statistical analysis.

Cardiac Assessment

LVEF measurements (modified Simpson’s method) were
performed at BL (minimum LVEF before trastuzumab
therapy) and at FU (minimum LVEF after trastuzumab
treatment).

LV Dysfunction and CTRCD

Of several proposed criteria for LV dysfunction,? 3 thresh-
olds for LVEF were evaluated in the present study as
follows: A, 10% relative decrease from BL (FU<90% BL);
B, absolute decrease of 10% from BL (FU<BL-10%); and
C, decrease to below institutional normal (LVEFru<53%).
For the present analyses, CTRCD was defined according
to a previous consensus statement (B and C).23

Statistical Analysis

Continuous variables are expressed as mean+SD or median
(IQR), and were compared using Student’s t-test or
Wilcoxon rank sum test. Categorical variables are expressed
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as percentage or frequency, and were compared using
Fisher’s exact test or chi-squared test. Logistic regression
analysis was used to compare odds ratios (OR) and 95%
CI. Age, anthracycline use, radiotherapy, and BMI were
selected as covariates for multivariate analysis. Probability
values are 2-tailed and P<0.05 was considered to indicate
statistical significance. All analyses were performed using
SAS ver. 9.4 (SAS Institute, Cary, NC, USA).

Results

Subjects

The present analysis involved 141 female patients with
HER2-positive breast cancer who underwent adjuvant
trastuzumab therapy. Their BL clinical features are listed
in Table 1. Mean age was 54 years and the median duration
of trastuzumab therapy was 11.0 months (IQR, 10.7-13.3
months). The majority (94.3%) of these patients received
anthracycline chemotherapy in addition to trastuzumab,
while approximately half (53.2%) underwent radiation
therapy and were analyzed according to the site of irra-
diation.

Cardiac Assessment and Clinical Outcome

LVEF was significantly lower at FU as compared with BL
(63.4%; IQR, 58.2-68.5% vs. 67.5%, IQR, 64.4-70.5%,
P<0.0001; Figure 2). Detailed analysis of the threshold for
LV dysfunction is shown in Figure 3. The numbers of
CTRCD patients with A, 10% relative LVEF decrease
from BL (FU<90% BL); B, absolute LVEF decrease of
10% from BL (FU<BL-10%); and C, LVEF decrease to
below institutional normal (LVEFru<53%); and that of B
and C combined were 37 (26.2%), 19 (13.5%), 8 (5.7%), and
7 (5.0%), respectively. Twenty-two patients (15.6%) under-
went consultation with a cardiologist; and discontinuation
of trastuzumab treatment due to CTRCD was noted in 3
(2.1%). During the FU period, none of the patients died of
a tumor-related cause and no cardiac deaths were observed.

CTRCD Risk Profiling

Patients were subdivided into CTRCD(+) (n=7) and
CTRCD(-) (n=134) groups (Table 2). There were no
differences in regard to duration of trastuzumab or of
combination therapy, or BMI between those groups. In
contrast, there was a significant difference in regard to age
between patients with and without CTRCD (63.0£10.7 vs.
53.5t11.4 years, P=0.04), and with and without CVRF
(42.9% vs. 8.2%, P=0.02). On multivariate analysis, CVRF
at BL independently predicted subsequent development of
CTRCD (OR, 11.96; 95% CI: 1.30-110.3; Table 3). The
relationship between LVEF change (BL-FU) and CVRF
is shown in Figure 4.

Discussion

In this retrospective observational study of 141 consecutive
female patients with early-stage breast cancer who under-
went trastuzumab therapy in Japan, we found 3 cases
(2.1%) of cancer treatment discontinuation in 7 patients
(5.0%) who developed CTRCD. The incidence of CTRCD,
defined as LVEF FU<BL-10% and LVEFru<53%, was
similar to previous reports.2 CVRF (hypertension, diabetes,
dyslipidemia, or history of heart disease) as well as age
have been identified as predictors of CTRCD. The effects
of anthracyclines, even in lower doses, have not been ruled

Table 1. Baseline Clinical Characteristics and Cancer

Treatment
Overall
(n=141)
Patient demographics

Age (years) 54.0+11.5
Age >65 27 (19.2)

BMI (kg/m2) 21.9+3.3
Underweight (<18.4) 22 (15.6)
Normal (18.5-24.9) 90 (63.8)
Overweight (25.0-29.9) 27 (19.2)

Obese (=30.0) 2(1.4)

CVRF 14 (9.9)

Hypertension 6 (4.3)

Diabetes mellitus 3(2.1)

Hypercholesterolemia 10 (7.1)

Cardiac disease 1(0.7)

Breast cancer treatment

Trastuzumab treatment (months) 11.0 (10.7-13.3)

Adjuvant chemotherapy 74 (52.5)
Neoadjuvant chemotherapy 67 (47.5)
Anthracyclines 133 (94.3)
Epirubicin (mg/m?) 400.0 (266.1-412.6)
Cyclophosphamide 128 (90.8)
5-FU 128 (90.8)
Taxanes 80 (56.7)
Endocrine treatment 5(3.6)
RT (All) 75 (53.2)
Dose (Gy) 44.0 (41.0-49.8)
Left Breast 41 (29.1)
Dose (Gy) 44.0 (40.7-49.6)
Right Breast 36 (25.5)
Dose (Gy) 47.0 (40.5-49.8)

Data given as n (%), mean+=SD or median (IQR). Endocrine
treatment includes aromatase inhibitors (anastrozole, letrozole),
selective estrogen receptor modulator (tamoxifen), and GnRH
agonist (goserelin). 5-FU, 5-fluorouracil; BMI, body mass index;
CVRF, cardiovascular risk factors; RT, radiotherapy.

out. The present findings show that even in Japan or Asia,
where the incidence of heart disease is considered to be
lower than that in the USA and Europe,?-? there is a
significant number of types of asymptomatic LV dysfunc-
tion as well as a small but important number of types of
symptomatic heart failure, which can potentially worsen
the prognosis of cancer survivors.30-31

The present results are consistent with recent trends in
cardio-oncology research. Immediately after the intro-
duction of molecular targeted drugs, cardiotoxicity was
classified into type I (irreversible) and type II (reversible),¢
although increasing evidence suggests that this classification
is incomplete and inaccurate.3? First, because heart failure
is a progressive condition from stage A (risk), to stage B
(asymptomatic) and then stage C/D (symptomatic), it
cannot be classified by the type of drug treatment alone.
Second, although trastuzumab toxicity has been shown to
be the second most common type of cardiotoxicity, the
classification of cardiotoxicity can no longer be limited to
2 types following the introduction of a wide variety of
cancer treatments.3¥ Thus, in clinical practice, trastuzumab
cardiotoxicity should not be considered reversible.? Instead,
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20
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0
LVEF (%) Baseline (BL) Follow-up () BLAEU £eyalue Figure 2. Cardiac assessment. Data given as
(n=141) 675 [64.4-70.5] 634 [582685] 41 [11-94]  <0.0001 median (IQR). BL, baseline; FU, follow-up; LVEF, left
ventricular ejection fraction (%).
[A] FU<90%BL CTRCD
37 (26.2%) [Band C]
7(5.0%)
[B] FU<BL-10% [C] LVEF,;<53% Figure 3. Thresholds of left ventricular ejection
19 (13.4%) 8(5.7%) fraction (LVEF) and definition of cancer treatment-
related cardiovascular disorders (CTRCD). BL,
Overall (n=141) baseline; FU, follow-up.

it is important to identify high-risk patients and high-risk
treatments before initiation of cancer treatment, followed
by monitoring during treatment and during FU sessions
after treatment, depending on the individual risk status.16

Significant progress has been made in breast cancer
treatment options, such as trastuzumab therapy, and the
importance of cardiologists in a team-based approach has
been noted.3¢ CVD is the second most common cause of
death and in some subgroups, such as postmenopausal
women with hormone receptor positive (HR+) breast cancer,

death from CVD is more common than from cancer.*
Additionally, there are common risk factors shared by
breast cancer and CVD, such as smoking, family history,
and obesity.?” The present results indicate the importance
of CVRF in addition to chemotherapy, molecular and
endocrine therapy, and radiation therapy for patients with
breast cancer. Prevention and management of CVD by
cardiologists is expected to support completion of optimal
cancer treatment, thus improving overall survival with the
use of a team-based approach.1¢
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Table 2. Risk Profiling of CTRCD
CTRCD (+) (n=7) (-) (n=134) P-value
Patient demographics
Age (years) 63.0+10.7 53.5+11.4 0.04
Age >65 4 (57.1) 23 (17.2)
BMI (kg/m?2) 20+2.0 22+3.3 0.13
Underweight (<18.4) 2 (28.6) 20 (14.9)
Normal (18.5-24.9) 5(71.4) (63 4)
Overweight (25.0-29.9) 0 (0.0) 7 (20.2)
Obese (=30.0) 0 (0.0) 2(1.5)
CVRF 3(42.9) 11 (8.2) 0.02
Hypertension 3 (42.9) 5(3.7)
Diabetes mellitus 0 (0.0) 3(2.2)
Hypercholesterolemia 1(14.3) 9 (6.7)
Cardiac disease 1(14.3) 0 (0.0)
Breast cancer treatment
Trastuzumab (months) 1(7.8-13.1) 1(10.9-13.3) 0.54
Adjuvant chemotherapy 3 (42.9) 71 (53.0)
Neoadjuvant chemotherapy 4 (57.1) 63 (47.0)
Anthracyclines 7 (100.0) 126 (94.0)
Epirubicin (mg/m2) 300 (295.7-361.5) 400 (265.1-414.7) 0.27
Cyclophosphamide 7 (100.0) 121 (90.3)
5-FU 7 (100.0) 121 (90.3)
Taxanes 5(71.4) 75 (56.0)
Endocrine treatment 0(0.0) 5(3.7)
RT 3 (42.9) 72 (53.7) 0.71
Dose (Gy) 46.6 (43.4-49.8) 44.0 (40.9-49.8)
Left Breast 2 (28.6) 39 (29.1) 1.00
Dose (Gy) 50.0 (50.0-50.0) 44.0 (43.2-50.0)
Right Breast 1(14.3) 35 (26.1) 1.00
Dose (Gy) 43.2 (43.2-43.2) 48.0 (43.2-50.0)
Cardiovascular outcomes
No. LVEF evaluations 8 (5.5-8.5) 4 (3.1-5.3)
Cardiologist consultation 4(57.1) 18 (13.4)
Discontinuation 3(2.1)
Data given as n (%), mean=SD or median (IQR). Endocrine treatment includes aromatase inhibitors (anastrozole,
letrozole), selective estrogen receptor modulator (tamoxifen), and GnRH agonist (goserelin). CTRCD, cancer treatment-
related cardiovascular disorders; LVEF, left ventricular ejection fraction. Other abbreviations as in Table 1.
Although trastuzumab was one of the first molecular e T TE T E T T e o T
targeted treatments approved for cancer treatment, the
mechanism related to its cardiotoxicity is not well under- OR 95% Cl
stood.3 The drug is a monoclonal antibody that binds to CVRF 11.968 1.298-110.34
HER2 and decreases its signaling. Intensive benefit-risk Age (years) 1.054 0.971-1.145
analyses of trastuzumab have been performed in basic as Dose (anthracycline) 1.001 0.990-1.012
well as clinical research studies. Addition of trastuzumab Radiotherapy 0.519 0.084-3.230
to standard chemotherapy has been shown to improve the BMI 0.710 0.495-1.018

outcomes of metastatic as well as of early-stage HER2-
positive breast cancer.!”!% Especially, for patients with
early-stage disease in whom the goal is cure, systemic
chemotherapy given before (neoadjuvant) or after (adju-
vant) surgery is critically important to eradicate micro-
metastatic disease and decrease the risk of recurrence.’ In
our experience, the clinically most important side-effect
preventing completion of trastuzumab treatment for early-
stage breast cancer is cardiotoxicity, which results in various
conditions from asymptomatic myocardial damage to
development of symptomatic heart failure. Neuregulin-1
(NRG-1) is an essential protein in adult myocardium tissues

Abbreviations as in Tables 1,2.

for cell cycle survival, because it promotes sarcomere
stability and reduces oxidative stress. HER2 binds with
NRG-1 to maintain cell survival and stabilizes signals that
prevent apoptosis in response to stress, while trastuzumab
is considered to block these pathways by inhibiting the
HER?2 receptor.?® Further elucidation of the pathophysio-
logical factors is necessary for prevention, diagnosis, and
treatment of trastuzumab cardiotoxicity.?
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Information regarding CTRCD has been available for
some time. For example, anthracyclines have been known
to be associated with severe and irreversible heart failure
since the 19705, and attention must be given to cumulative
dose over the lifetime of a treated patient.4’ Although
initially thought to be due to oxidative stress, pathological
conditions at the molecular cell level have been clarified in
recent years, although additional research as well as devel-
opment of cardioprotective drugs are needed.#! Radiation
therapy, especially for left breast cancer with cardiac
radiation, is known to be associated with cardiovascular
adverse events, while recent technological advancements
have reduced the incidence of radiation-induced CVD.#
Additionally, new therapies, such as molecular targeted
drugs and immune checkpoint inhibitors, have been
approved, with CTRCD, a completely new pathology, also
emerging.® For example, vascular endothelial growth factor
inhibitors such as bevacizumab for colorectal cancer, and
proteasome inhibitors such as bortezomib for multiple
myeloma, as well as immune checkpoint inhibitors such as
nivolumab for malignant melanoma and pembrolizumab
for lung cancer have been shown to be effective.3 However,
many new CTRCD for the aforementioned conditions, such
as cardiac dysfunction, coronary artery disease, peripheral
artery disease, arrhythmia, hypertension, valvular disease,
and venous thromboembolism, have never been encoun-
tered by the majority of cardiologists.* Therefore, there is
a compelling need for a new interdisciplinary area of
cardio-oncology, in which oncologists and cardiologists
collaborate for the better understanding of treatment
options.

Cardio-oncology as well as onco-cardiology represent a
patient-centered collaboration between cardiologists and

oncologists with the common goal of maximizing the
outcome of cancer treatment while minimizing the risk of
CVD.# Each started as a team-based approach by health-
care providers to dealing with cardiotoxicity related to
anthracycline or radiation therapy.!® Subsequently, the
necessity of basic, clinical, and epidemiological research has
been examined as a response at both national and academic
levels.4 These public—private partnerships have led to a
dramatic increase in competitive research funds and
published papers. Presently, discussions are underway to
build a sustainable system, involving the creation of clinical
guidelines and input regarding medical insurance reimburse-
ment.!112

Cardiac assessment during and after cancer treatment is
expected to improve prevention, diagnosis, and treatment
of symptomatic CTRCD, and also help to avoid discon-
tinuation of cancer treatment. Although the present retro-
spective observational study suggests that monitoring
LVEF, as specified in the trastuzumab package insert, is
important for diagnosis of CTRCD, it may not be sufficient
for prevention.® Currently, there are ongoing investigations
to quantify LVEF for early detection of CTRCD using a
variety of techniques,? including 2-D and 3-D echocardiog-
raphy, global longitudinal strain,* tissue Doppler imaging,
multigated acquisition scanning, and cardiac magnetic
resonance imaging. Additionally, biomarkers including
B-type natriuretic peptide, cardiac troponins, and others
are also being studied.® From a cardio-oncology perspec-
tive, there is urgent need to validate surrogate endpoints
for both positive and negative predictive values based on
sensitivity, specificity, and cut-offs, in order to encourage
early detection of CTRCD while avoiding premature
termination of therapy due to overdiagnosis.!!12
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Study Limitations

There were some limitations associated with this retro-
spective, single-center observational study conducted at a
Japanese educational hospital. First, there are potential
confounding factors, biases, and missing values. For example,
not all of the pre-treatment CVRF have been adjudicated
by cardiologists. In addition, the study design did not
have sufficient statistical power to rule out the influence of
concomitant therapies including irradiation site and
anthracycline therapy. Therefore, causal relationships
between treatment strategy, CVRF, and CTRCD must be
carefully interpreted. Second, attention should be paid to
the characteristics of the hospital. Of the 216 patients
screened in this study, only 4 did not have BL LVEF
measurements available. However, real-world data show
gaps between guidelines and actual clinical practice.?!
Therefore, additional investigations are needed regarding
the incidence and prognosis of CTRCD in situations in
which cardiovascular monitoring is less frequently used.
Third, although we used LVEF to evaluate CTRCD in
this study, there are known issues, including sensitivity,
specificity, and reproducibility, related to the use of 2-D
echocardiography as a tool to detect CTRCD.26 Neverthe-
less, it is important to note that there are ongoing investi-
gations to validate various imaging modalities as well as
examinations of biomarkers before, during, and after high-
risk treatment for high-risk patients in order to minimize
CTRCD and maximize the outcome of cancer therapies.!¢
Finally, with regard to ethnicity factors, heart disease is
known to have a lower prevalence in Japan and in Asia as
compared with Western populations due to both genetic
and environmental factors, although it is showing an
increasing trend along with economic development. A
future investigation is needed to determine whether a
similar trend exists for CTRCD.?

Conclusions

Although this retrospective analysis indicates an increased
prevalence of CTRCD in patients with potentially modifi-
able CVRF who underwent adjuvant trastuzumab therapy,
there are multiple factors to be considered before, during,
and after cancer treatment for prevention, diagnosis, and
treatment of cardiovascular comorbidities. Development
of CTRCD disrupts the risk—benefit balance for patients
with early-stage cancer, emphasizing the need for additional
studies to identify at-risk populations, validate monitoring
strategies, and establish evidence-based clinical practice
guidelines for the field of cardio-oncology.
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