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Abstract

Background: Cardiotoxicity as a result of anthracycline chemother-
apy has been linked to increased morbidity and mortality in breast
cancer patients. There is a need for early detection through risk factor
identification. To date, no large multicenter study has been conducted
to describe the incidence, risk factors and clinical and demographic
profiles of breast cancer patients with anthracycline-induced cardio-
toxicity (AIC) in the Philippines.

Methods: This was a nationwide multicenter retrospective cohort
study among adult breast cancer patients who underwent anthracy-
cline chemotherapy from 2015 to 2020 in 10 sites in the Philippines.
Baseline characteristics and possible risk factors for AIC were re-
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trieved from medical records and cancer registries. AIC was defined
as a reduction of left ventricular ejection fraction (LVEF) by > 10%
from baseline to a value of < 53% or the development of overt left
ventricular systolic dysfunction or heart failure (HF). Odds ratios
from logistic regression were computed to determine risk factors as-
sociated with AIC using STATA-15.0 software.

Results: Out of 341 patients included, 33 had AIC, accounting for an
incidence of 9.68%. Nine patients (2.6%) had clinical HF. AIC patients
had a mean age of 53.91 + 10.84 years. Breast cancer AIC patients were
significantly older and had lower body mass index (BMI) than those
without AIC. AIC patients had significantly more comorbidities, espe-
cially hypertension and atrial fibrillation. Multivariate analysis showed
that patients with any preexisting comorbidity are approximately 12.37
times as likely to have AIC, while those with concurrent chemotherapy
are 0.07 times or 93% less likely to have AIC.

Conclusion: Among adult breast cancer patients undergoing anthracy-
cline chemotherapy, we determined a high incidence of cardiotoxicity
at 9.68%. Having preexisting comorbidities gave patients 12 times in-
creased odds of developing anthracycline cardiotoxicity. The presence
of concurrent non-anthracycline chemotherapy showed an inverse as-
sociation with the development of AIC which we attribute largely to pa-
tient selection in a retrospective study. The significantly higher propen-
sity for AIC development in patients with preexisting comorbidities may
warrant closer monitoring and control of patient comorbidities such as
hypertension among patients undergoing anthracycline chemotherapy.

Keywords: Anthracyclines; Cardiomyopathy; Cardiotoxicity; An-
thracycline-induced cardiotoxicity; Breast cancer

Introduction

Since their introduction in the 1960s, anthracyclines (doxo-
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rubicin, daunorubicin, epirubicin, and idarubicin) have been
the chemotherapeutic drug class of choice for treating breast
cancer [ 1], resulting in a dramatic improvement in overall sur-
vival rates [2]. Despite their proven efficacy, anthracyclines
have their downside due to a myriad of adverse effects, the
most serious of which is irreversible cardiotoxicity that may
lead to clinical heart failure (HF).

The damage caused by the anthracyclines occurs in a
cumulative dose-dependent fashion causing cardiomyocyte
injury and death, leading to left ventricular (LV) dysfunc-
tion and HF [3]. Cardiac event rates on treatment were 7%
at a cumulative anthracycline dose of 150 mg/m?, 18% at
350 mg/m?, and 65% at 550 mg/m? [4]. In a review of over
43,000 patients with breast cancer, followed over a median
of 53 months, anthracycline chemotherapy was associated
with an adjusted hazard risk (HR) of 1.26 (confidence inter-
val (CI): 1.12 - 1.42) for the development of HF in women
aged 66 - 70 years [5].

The cardiotoxicity of anthracyclines may be acute, which
is immediately after infusion; early, which occurs within the
first year of treatment; or late, which manifests effects af-
ter several years. Acute toxicity develops in 1% of patients
and is usually reversible. This includes transient LV dysfunc-
tion, supraventricular arrhythmias and electrocardiographic
(ECG) changes. In patients who are > 65 years of age treated
with commonly used anthracycline doses, the rate of an-
thracycline-associated HF can be as high as 10% [4]. Car-
diotoxicity tends to occur more frequently in patients with
the following factors: high cumulative anthracycline dose;
extremes of age; female sex; preexisting conditions, such
as cardiac diseases, diabetes mellitus (DM), hypertension
(HTN), renal failure, and genetic factors; and with concur-
rent treatment with cyclophosphamide, trastuzumab, pacli-
taxel and prior mediastinal radiation therapy [6-9]. These
risk factors predict patients who may be more prone to the
development of cardiotoxicity, and thus would require more
stringent surveillance.

Reductions of left ventricular ejection fraction (LVEF)
provide an early warning of the development of cardiotox-
icity even before overt symptomatic HF sets in. Echocardi-
ography has been the method of choice to measure LVEF
for screening and monitoring because of its wide availabil-
ity, easy repeatability, versatility, lack of radiation expo-
sure, and overall safety. A joint consensus statement by the
American Society of Echocardiography and the European
Society of Cardiovascular Imaging defined cancer thera-
peutics-related cardiac dysfunction (CTRCD) as a decrease
in the LVEF of > 10 percentage points, to a value of < 53%
[10]. Similarly, cardiotoxicity is defined by international
oncologic guidelines as an absolute decrease in LVEF by
more than 10% with a decline below the normal limit of
50% [11].

This paper describes the characteristics accompanying an-
thracycline-induced cardiotoxicity (AIC) in adult breast can-
cer patients in the Philippines. This information may provide
reliable estimates of the clinical burden of AIC in the country.
It may lead to increased awareness, index of suspicion, and
surveillance of Filipino breast cancer patients with established
risk factors for cardiotoxicity.
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Materials and Methods

Study design and data sources

This was a retrospective cohort study done across 10 hospital
sites in various locations in the Philippines. We reviewed the
medical records of in- and outpatients, existing inventories,
and registries of Cancer and Heart Institutes of these hospitals,
and included data from all breast cancer patients who had an-
thracycline chemotherapy from June 2015 until June 2020. We
recorded all transthoracic echocardiograms (TTEs) that were
taken within 1 month before anthracycline chemotherapy as a
baseline reading. Baseline demographics, clinical profile and
presence or absence for prespecified risk factors for AIC were
recorded at this time. We determined the occurrence of AIC
from subsequent echocardiograms that were done 1 day up to
12 months post-chemotherapy. Patients were followed from
the day of their initiation chemotherapy (index date) until 1
year after the completion of their chemotherapy. All chart data
entries within the 1-year follow-up period of each included
patient were reviewed for any recorded clinical outcome of
symptomatic HF (Fig. 1).

Population

Inclusion and exclusion criteria

Patients who satisfied the following criteria were included:
adult patients at least 19 years of age, with primary breast can-
cer, who underwent anthracycline chemotherapy (doxorubicin,
epirubicin, or idarubicin) for the first time, regardless of con-
comitant chemoradiotherapy or number of cycles of anthracy-
cline chemotherapy completed, with baseline TTE done within
1 month before initiation of anthracycline chemotherapy, and
either of the following - TTE done 1 day up to 12 months after
completing the course of chemotherapy, or TTE done during
chemotherapy due to development of HF symptoms (i.e., or-
thopnea, exertional dyspnea, and paroxysmal nocturnal dysp-
nea).

The exclusion criteria were the following: patients with
concomitant cancer (double primary), with debilitating disease
or critical state disease, those with preexisting clinical HF or
LV systolic dysfunction defined as LVEF < 52% in males and
< 54% in females before chemotherapy, and patients who have
received prior anthracycline chemotherapy.

Patients with preexisting clinical HF and LV systolic dys-
function were excluded because one of the main objectives
of the study was to determine incident cases of HF that were
mainly due to the administration of anthracyclines and not
confounded by higher risk cardiovascular disease patients. Pa-
tients who had anthracyclines for the first time were included
and those with prior anthracycline exposure were excluded,
mainly to avoid duplicating patient entries, as cancer patients
come in multiple times for their chemotherapy cycles. Patients
were censored at 1 year from completion of chemotherapy as
existing literature suggests that majority (98%) of AIC develop
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Figure 1. Conceptual framework for this study.

within the first year after chemotherapy had been completed
[12]. A total of 341 patients were included in the final analysis.

Sample size calculation

A minimum of 340 breast cancer patients were required for
this study based on a level of significance of 5%, assuming that
33.16% [13] of patients will develop cardiotoxicity, with the
desired width of CI (precision) of 10% [14] as noted from the
reference article by Sandamali et al, 2020 [13].

Research materials

Two-dimensional (2D) TTE results were obtained within 1
month before anthracycline chemotherapy initiation (baseline
reading), and 1 day up to 12 months after completion of the
anthracycline chemotherapy. Standard LVEFs were obtained.
The LVEF measurements gathered were from the biplane
Simpson’s method and/or Teichholz method, with or without
contrast.

Additionally, the following pertinent data were obtained:
demographics; preexisting comorbidities; preexisting medica-
tions; concurrent chemotherapeutic agents; radiation therapy;

382
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cumulative chemotherapeutic doses; all 2D TTE and dates (at
baseline and post-chemotherapy up to 12 months); anthracy-
cline chemotherapy (category of first session, doses, and dates
of all anthracycline sessions; duration in months); date of the
last follow-up; and if applicable, date and cause of death.

The main outcome considered is AIC, also referred to as
CTRCD, as given by a categorical analysis of the reduction of
LVEF by > 10% from baseline to a value of < 53% [10] or the
development of clinical HF.

Ethical considerations

The study adhered to the ethical considerations and ethical
principles set out in relevant guidelines, including the Declara-
tion of Helsinki (2013), World Health Organization guidelines,
International Conference on Harmonization-Good Clinical
Practice, Data Privacy Act of 2012 of the Philippines, and the
2017 National Ethics Guidelines for Health and Health-related
Research of the Philippines. The Clinical Protocol and all rel-
evant documents were reviewed and approved by the Single
Joint Research Ethics Board (SJREB), the Institutional Review
Board of the Philippine Heart Association (PHA), and by the
ethics review committees and Cancer registry keepers of the
institutions included in the study. Patient confidentiality was
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Figure 2. The study flow diagram of patient selection and clinical outcomes.

respected by maintaining the anonymity of patient records.
The investigators ensured the integrity of all data recorded.

Statistical analysis

Descriptive statistics were used to summarize the general and
clinical characteristics of the participants. Frequency and pro-
portion were used for categorical variables (nominal/ordinal),
mean and standard deviation for normally distributed interval/
ratio variables, and median and range for non-normally distrib-
uted interval/ratio variables. Independent sample #-test, Mann-
Whitney U test, and Fisher’s exact/Chi-square test were used
to determine the differences in mean, median, and frequency
between those with AIC and those without, respectively. Crude
odds ratios (ORs) and the corresponding 95% ClIs from uni-
variable and multivariable Firth logistic regression were com-
puted to determine the association between patient characteris-
tics and AIC. Variables significantly associated with AIC in the
univariable models were included in the multivariable model.
All valid data were included in the analysis. The null hypoth-
esis was rejected at a 0.05 a-level of significance. STATA 15.0
software was used for data analysis.

Results

Patient demographics and clinical profile

A total of 3,579 breast cancer patients who underwent anthra-
cycline chemotherapy were considered for inclusion in this
study. Three thousand two hundred twenty-eight patients were
excluded due to the following reasons: clinical ineligibility in
1,430 patients, incomplete or missing 2D echocardiograms in
1,568 patients, and date of initiation outside of study scope in
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230 patients (Fig. 2).

Out of 341 patients reviewed in the final analysis, 338
(99.12%) were females (mean age was 53.91 + 10.84 years)
(Table 1). Patients with AIC were significantly older (59.06 =
9.7 vs. 53.36 £ 10.83, P = 0.004) and had lower BMI (24 kg/
m? vs. 25.3 kg/m?, P = 0.003) than those without AIC. Moreo-
ver, 134 (39.3%) patients were overweight (BMI 23 - 27.5).
Those who developed AIC had significantly more comorbidi-
ties (81.82% vs. 41.23%, P < 0.001). The most common co-
morbidities that we found in this cohort of patients were HTN
(66.67%), DM (21.21%) and dyslipidemia (9.09%). Given
their higher incidence of comorbidities, AIC patients also had
more maintenance medications, such as angiotensin receptor
blockers (ARBs, 13 or 39.39% vs. 40 or 12.99%, P < 0.001),
beta-blockers (6 or 18.18% vs. 12 or 4.22%, P = 0.006), and
angiotensin converting enzyme (ACE) inhibitors (3 or 9.09%
vs. 4 or 1.3%, P =0.022).

The AIC patients were less often on concurrent chemo-
therapeutic agents compared to those patients without AIC;
namely, cyclophosphamide in only 36.36% of AIC patients vs.
81.17% in non-AIC patients (P <0.001), taxanes in 39.39% vs.
70.45% (P =0.001) and 5-fluorouracil in 3.03% vs. 17.21% (P
=0.041). AIC patients had significantly lower mean baseline
LVEF (65.89+5.84% vs. 67.71+4.89%, P = 0.047) (Table 1).
In terms of chemotherapeutic management, more than half of
the patients (54.55%) had chemotherapy on an outpatient basis
(Table 2). AIC patients received a significantly lower median
dose of epirubicin (14 mg/m? vs. 70 mg/m?, P = 0.030).

Clinical outcomes

Thirty-three out of the 341 patients had AIC, accounting for an
incidence of 9.68% (95% CI: 6.95 - 13.32); 2.6% of the total
population had clinical HF (nine out of 341). There were a total
of 17 deaths within the study period. The mortality rates were
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Table 1. Demographic and Clinical Profile of Patients (n = 341)

Total (n = 341) With AIC (n = 33) Without AIC (n = 308) P-value
Age, years 53.91+10.84 59.06 £9.7 53.36+10.83 0.004*
BMI, kg/m? 253 (11.3-45.06) 24 (11.7-34.71) 25.3 (11.3 - 45.06) 0.003f
BMI category
Underweight (< 18.5) 12 (3.52) 2 (6.06) 10 (3.25) 0.336%
Normal (18.5 to < 23) 84 (24.63) 10 (30.3) 74 (24.03)
Overweight (23 to 27.5) 134 (39.3) 9 (27.27) 125 (40.58)
Obese (> 27.5) 111 (32.55) 12 (36.36) 99 (32.14)
Comorbidities
Any 154 (45.16) 27 (81.82) 127 (41.23) <0.001%
Hypertension 114 (33.43) 22 (66.67) 92 (29.87) <0.001%
Diabetes mellitus 57 (16.72) 7(21.21) 50 (16.23) 0.464%
Dyslipidemia 36 (10.56) 3(9.09) 33 (10.71) >(.999%
PTB 6(1.76) 1(3.03) 5(1.62) 0.460%
Asthma 4(1.17) 0 4(1.3) >0.999%
Atrial fibrillation 3(0.88) 2 (6.06) 1(0.32) 0.026%
Coronary artery disease 3 (0.88) 1(3.03) 2 (0.65) 0.264%
Chronic kidney disease 3(0.88) 1(3.03) 2 (0.65) 0.264%
Hyperthyroidism 3 (0.88) 1(3.03) 2 (0.65) 0.264%
Hepatitis B 2 (0.59) 0 2 (0.65) >0.999%
Other 23 (6.74) 3(9.09) 20 (6.49) 0.477%
Medications
Any medications 130 (38.12) 20 (60.61) 110 (35.71) 0.008%
Calcium channel blocker 55 (16.13) 8 (24.24) 47 (15.26) 0.211%
ARBs 53 (15.54) 13 (39.39) 40 (12.99) <0.001%
Statin 39 (11.44) 5(15.15) 34 (11.04) 0.562%
Oral hypoglycemic agent 37 (10.85) 4(12.12) 33 (10.71) 0.769%
Beta-blocker 19 (5.57) 6 (18.18) 13 (4.22) 0.006%
ACE inhibitor 7 (2.05) 3(9.09) 4(1.3) 0.022%
Anti-hypertensive 5(1.47) 2 (6.06) 3(0.97) 0.076%
Anti-platelet 5(1.47) 1(3.03) 4(1.3) 0.401%
Exogenous insulin 5(1.47) 0 5(1.62) > (0.999%
Exogenous thyroid medication 3(0.88) 0 3(0.97) >(.999%
Anticholesterol medication 3 (0.88) 0 3(0.97) > (0.999%
Vitamins 3 (0.88) 0 3(0.97) >(.999%
Cardiometabolic drugs 3(0.88) 1(3.03) 2 (0.65) 0.264%
Anti-arrhythmic medication 2(0.59) 1(3.03) 1(0.32) 0.184%
Anti-thyroid medication 2 (0.59) 0 2 (0.65) >0.999%
Novel oral anticoagulant 2 (0.59) 1(3.03) 1(0.32) 0.184%
Nutritional supplements 2 (0.59) 1(3.03) 1(0.32) 0.184%
SGLT2 inhibitors 2 (0.59) 1(3.03) 1(0.32) 0.184%
Anti-asthma medications 1(0.29) 0 1(0.32) > (.999%
Oral antimetabolite 1(0.29) 0 1(0.32) > (.999%
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Table 1. Demographic and Clinical Profile of Patients (n = 341) - (continued)

Total (n = 341) With AIC (n = 33) Without AIC (n = 308) P-value

Anti-tuberculosis medications 1(0.29) 0 1(0.32) > (0.999%

Low molecular weight heparin 1(0.29) 0 1(0.32) >(.999%

Mineralocorticoid receptor antagonists 0 0 0 -
Concurrent chemotherapeutic agents

Any 319 (93.55) 21 (63.64) 298 (96.75) <0.001%

Cyclophosphamide 262 (76.83) 12 (36.36) 250 (81.17) <0.001%

Taxanes 230 (67.45) 13 (39.39) 217 (70.45) 0.001%

HER-2 inhibitors 119 (34.9) 7(21.21) 112 (36.36) 0.088%

5-fluorouracil 54 (15.84) 1(3.03) 53 (17.21) 0.041%

Carboplatin 14 (4.11) 0 14 (4.55) 0.377%

Monoclonal antibodies 2(0.59) 0 2 (0.65) > (0.999%

Eribulin 2(0.59) 1(3.03) 1(0.32) 0.184%

Vinorelbine 1(0.29) 1(3.03) 0 0.097+

Tyrosine kinase inhibitors 0 0 0 -
Radiation therapy >0.999%

No radiotherapy 303 (88.86) 30(90.91) 273 (88.64)

Mediastinal radiotherapy 7 (2.05) 0 7(2.27)

Left breast radiotherapy 19 (5.57) 2 (6.06) 17 (5.52)

Right chest wall radiotherapy 12 (3.52) 1(3.03) 11 (3.57)

Baseline LVEF 67.53 +£5.01 65.89 +5.84 67.71 £4.89 0.047*

Statistical test used: *Independent sample t-test; TMann-Whitney U test; ¥Chi-square/Fisher’s exact test. Data are expressed frequency (%) or me-
dian (range). AIC: anthracycline-induced cardiotoxicity; ARBs: angiotensin receptor blockers; BMI: body mass index; PTB: pulmonary tuberculosis;
ACE: angiotensin converting enzyme; SGLT2: sodium-glucose cotransporter-2; HER2: human epidermal growth factor 2; LVEF: left ventricular ejec-
tion fraction.

Table 2. Chemotherapeutic Management (n = 341)

Total (n = 341) With AIC (n =33) Without AIC (n=308) P-value

Location of initiation chemotherapy 0.147%
In-patient/admitted 155 (45.45) 19 (57.58) 136 (44.16)
Outpatient 186 (54.55) 14 (42.42) 172 (55.84)

Dosage
5-fluorouracil, mg/m? 316.69 +1,081.76  92.03 + 522.07 340.76 £ 1,123.2 0.210*
Epirubicin, mg/m? 65.13 £ 141.9 1436 +45.24 70.57 £ 147.58 0.030*
Doxorubicin, mg/m? 96.82 + 126.53 132.36 £ 127.24 93.02 +126.06 0.090*
Idarubicin, mg/m? 4.69 + 63.07 0 5.19 £ 66.35 0.654*
Daunorubicin, mg/m? 0 0 0 -
Trastuzumab, mg 143.77 + 627.86 57.03 +£115.75 153.07 + 659.01 0.405*
Docetaxel, mg/m? 96.98 + 141.01 82.88 + 154.53 98.49 +139.68 0.546*
Paclitaxel, mg/m? 69.77 £ 221.34 50.62+171.5 71.83 £226.16 0.602*
Cyclophosphamide, mg 1,352.6 £1,247.64 1,44739+1,275.54 1,342.44+1,246.3 0.647*
Carboplatin, mg/m? 19.38 £ 111.87 0+0 21.46 +£117.54 0.296*

Total duration of anthracycline chemotherapy cycles, months 4 (0 - 27) 4(1-20) 4(0-27) 0.081F

Statistical test used: *Independent sample t-test; TMann-Whitney U test. Data are expressed frequency (%) or median (range). AIC: anthracycline-
induced cardiotoxicity.
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Table 3. Clinical Outcomes (n = 341)

Total (n = 341) With AIC (n = 33) Without AIC (n = 308) P-value
Mortality 17 (4.99) 2 (6.06) 15 (4.87) 0.674
LVEF
At first follow-up 65.5 (55-92) 57 (39 - 80) 66 (55 - 92)
At second follow-up (n = 178) 64.4 (35 - 79) 50.8 (35 - 67) 65.1 (48.28 - 79)
At third follow-up (n = 109) 66 (27.6 - 86) 53.3(27.6 - 81) 66.1 (55 - 86)

Statistical test used: ¥Chi-square/Fisher’s exact test. Data are expressed as frequency (%) or median (range). AIC: anthracycline-induced cardiotox-

icity; LVEF: left ventricular ejection fraction.

not statistically different between the AIC and non-AIC groups
(P = 0.674). In the AIC group, the patients’ LVEF progres-
sively decreased during the follow-up periods. Meanwhile, for
patients in the non-AIC group, the LVEF values remained rela-
tively constant from baseline to follow-up periods (Table 3).

Factors associated with AIC

The unadjusted OR showed that for every unit increase in age
in years, the odds of AIC increased by approximately 5% (Ta-
ble 4). Patients with comorbidities were six times more likely
to have AIC compared to those without. Moreover, for those
with HTN, the odds of AIC was five times higher, and for
those with AF, it was 16 times higher. There was a significant
increase in odds of AIC for patients who were on ARBs, beta-
blockers, or ACE inhibitors. Patients treated with cyclophos-
phamide and taxanes were less likely to have AIC, 86.4% and
72.3% less likely, respectively. There was an increased odds by
28 times among those given vinorelbine.

Table 5 shows the multivariate analysis of selected inde-
pendent variables. The presence of comorbidities and concur-
rent non-anthracycline chemotherapy were confirmed as inde-
pendent correlates of AIC but not age, medications, baseline
LVEF, doxorubicin dosage > 250 mg/m? and epirubicin dos-
age > 600 mg/m?. Patients with any comorbidity were approxi-
mately 12.37 times more likely to have AIC, while those with
concurrent chemotherapy were 0.07 times or 93% less likely
to have AIC.

Discussion

This is a retrospective study of a cohort of breast cancer pa-
tients who underwent anthracycline chemotherapy and who
had no preexisting cardiac dysfunction from 10 centers in vari-
ous locations in the Philippines. We report on the incidence of,
and the risk factors associated with, AIC.

Incidence of AIC and HF

The foremost finding of this study is that AIC occurred at a
frequency of 9.68% (33 cases in 341 patients) in this cohort
of patients in the Philippines. This is lower compared to the
results from other studies done in Asia where the incidence
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ranged from 25% to 33%. This may in part be due to the use
of varying definitions of AIC [13, 15, 16]. In this study, the
investigators strictly followed the definition of the American
and European Society of Echocardiography Expert Consensus
of Anthracycline-induced cardiotoxicity, which is a reduction
of LVEF by more than 10%, to a value below 53% [10].

It is of concern that a significant proportion of patients
with AIC had developed symptomatic HF (nine out of 33, ac-
counting to 27%). A study by Cardinale et al [17] showed that
early intervention with traditional medications after the detec-
tion of HF may potentially reverse LV systolic dysfunction.
They reported a response rate of 64% when the HF regimen
was given < 2 months, as compared to only 7% when given
4 - 6 months after detection of AIC [17]. This emphasizes the
importance of cardiac monitoring and early detection for car-
diotoxicity in these sets of patients. In our study, we have de-
tected high rates of breast cancer patients not being screened
and/or being followed with cardiac imaging as reflected in the
high exclusion rates (Fig. 2). It is therefore possible that the
high proportion of patients developing HF may be a reflec-
tion of the strength of the current local practice. Our country,
the Philippines, is just starting to gain experience in the field
of cardio-oncology in the past decade. The authors advocate
emphasis on clinician education and cardiac monitoring in
the community to improve the cardiac safety of anthracycline
chemotherapy.

Risk factors associated with the development of AIC

Previous studies have determined the risk factors for AIC.
These risk factors included cumulative anthracycline doses,
> 65 years of age, baseline LVEF, renal failure, concomitant
or previous radiation therapy involving the heart, concurrent
chemotherapy (alkylating or antimicrotubule agents, immune-
and targeted-therapies), and preexisting conditions such as car-
diac diseases, HTN, and genetic factors [4-6].

Multivariate analysis showed that having comorbidities
gave patients 12 times increased odds of developing anthracy-
cline cardiotoxicity. In the cohort, patients with AIC had a high
prevalence of comorbidities, particularly HTN at 66.67%, DM
at 21.21%, and dyslipidemia at 9.09%. The possible mecha-
nism for potentiation for risk of AIC among patients with HTN
is related to oxidative stress and inflammatory processes. An-
thracyclines can trigger abnormal cell signaling and cytotoxic
molecules, which are potentiated by the same abnormal cell
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Table 4. Unadjusted Odds Ratio for Factors Associated With Anthracycline-Induced Cardiotoxicity (n = 341)

Crude odds ratio (95% CI) P-value
Age, years 1.05 (1.01 - 1.09) 0.005
BMI, kg/m?
Underweight (< 18.5) 1.689 (0.37 - 7.75) 0.500
Normal (18.5 to <23) 1.0 (reference) -
Overweight (23 to 27.5) 0.537 (0.21 - 1.35) 0.187
Obese (> 27.5) 0.891 (0.37 - 2.14) 0.796
Comorbidities
Any 6.023 (2.49 - 14.58) <0.001
Hypertension 4.579 (2.16 -9.7) <0.001
Diabetes mellitus 1.449 (0.61 - 3.44) 0.401
Dyslipidemia 0.944 (0.3 -3.02) 0.922
PTB 2.547 (0.4 - 16.06) 0.320
Asthma 1.01 (0.05 - 19.17) 0.995
Atrial fibrillation 16.27 (2.08 - 127.29) 0.008
Coronary artery disease 5.658 (0.72 - 44.23) 0.099
Chronic kidney disease 5.658 (0.72 - 44.23) 0.099
Hyperthyroidism 5.658 (0.72 - 44.23) 0.099
Hepatitis B 1.83 (0.09 - 38.92) 0.698
Other 1.615 (0.49 - 5.33) 0.431
Medications
Any medications 2.728 (1.32 - 5.63) 0.007
Calcium channel blocker 1.835 (0.8 - 4.23) 0.154
Angiotensin receptor blockers 4.366 (2.04 - 9.36) <0.001
Statin 1.535(0.58 - 4.09) 0.391
Oral hypoglycemic agent 1.254 (0.44 - 3.6) 0.674
Beta-blocker 5.174 (1.88 - 14.26) 0.001
ACE inhibitor 7.765 (1.83 - 32.96) 0.005
Anti-hypertensive 6.927 (1.31 - 36.58) 0.023
Anti-platelet 3.123 (0.48 - 20.53) 0.236
Exogenous insulin 0.824 (0.04 - 15.22) 0.896
Exogenous thyroid medication 1.303 (0.07 - 25.77) 0.862
Anti-cholesterol medication 1.303 (0.07 - 25.77) 0.862
Vitamins 1.303 (0.07 - 25.77) 0.862
Cardiometabolic drugs 5.658 (0.72 - 44.23) 0.099
Anti-arrhythmic medication 9.462 (0.96 - 93.61) 0.055
Anti-thyroid medication 1.83 (0.09 - 38.92) 0.698
Novel oral anticoagulant 9.462 (0.96 - 93.61) 0.055
Nutritional supplements 9.462 (0.96 - 93.61) 0.055
SGLT2 inhibitors 9.462 (0.96 - 93.61) 0.055
Anti-asthma medications 3.06 (0.12 - 76.61) 0.496
Oral antimetabolite 3.06 (0.12 - 76.61) 0.496
Anti-tuberculosis medications 3.06 (0.12 - 76.61) 0.496
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Table 4. Unadjusted Odds Ratio for Factors Associated With Anthracycline-Induced Cardiotoxicity (n = 341) - (continued)

Crude odds ratio (95% CI) P-value
Low molecular weight heparin 3.06 (0.12 - 76.61) 0.496
Concurrent chemotherapeutic agents
Any 0.061 (0.02 - 0.15) <0.001
Cyclophosphamide 0.136 (0.06 - 0.29) <0.001
Taxanes 0.277 (0.13 - 0.57) 0.001
HER-2 inhibitors 0.494 (0.21 - 1.15) 0.101
S-fluorouracil 0.22 (0.04 - 1.16) 0.075
Carboplatin 0.303 (0.02-5.2) 0.410
Monoclonal antibodies 1.83 (0.09 - 38.92) 0.698
Eribulin 9.462 (0.96 - 93.61) 0.055
Vinorelbine 28.477 (1.14 - 713.39) 0.042
Radiation therapy
No radiotherapy 1.0 (reference)
Left breast radiotherapy 0.598 (0.03 - 10.73) 0.727
Right chest wall radiotherapy 1.281 (0.32 - 5.08) 0.724
Mediastinal radiotherapy 1.17 (0.2 - 6.68) 0.860
Baseline LVEF 0.929 (0.86 - 1) 0.051
Chemotherapeutic agents dosage
5-fluorouracil, mg/m? 1(0.99 - 1.0) 0.354
Epirubicin, mg/m? 0.991 (0.98 - 1) 0.050
Doxorubicin, mg/m? 1.002 (1-1) 0.076
Idarubicin, mg/m? 1.001 (1-1) 0.650
Daunorubicin, mg/m? - -
Trastuzumab, mg 1(1-1) 0.988
Docetaxel, mg/m? 0.999 (1-1) 0.656
Paclitaxel, mg/m? 1(0.99 - 1.0 0.844
Cyclophosphamide, mg 1(0.99 - 1.0) 0.574
Carboplatin, mg/m? 0.999 (0.99 - 1) 0.635
Total duration of anthracycline chemotherapy cycles, months 1.04 (0.97 - 1.11) 0.239

Statistical test used: Firth logistic regression. BMI: body mass index; PTB: pulmonary tuberculosis; ACE: angiotensin converting enzyme; SGLT2:
sodium-glucose cotransporter-2; HER2: human epidermal growth factor 2; LVEF: left ventricular ejection fraction; Cl: confidence interval.

Table 5. Multivariate Analysis for Factors Associated With Anthracycline-Induced Cardiotoxicity (n = 341)

Adjusted odds ratio (95% CI) P-value
Age > 65 years old 0.879 (0.28 - 2.8) 0.827
Any comorbidity 12.369 (3.58 - 42.74) <0.001
Any medications 0.369 (0.13 - 1.07) 0.065
Presence of any concurrent chemotherapy 0.07 (0.03 - 0.19) <0.001
Presence of concomitant radiation therapy 0.691 (0.17 - 2.84) 0.608
Baseline LVEF 0.954 (0.88 - 1.03) 0.245
Doxorubicin dosage > 250, mg/m? 1.497 (0.33 - 6.88) 0.604
Epirubicin dosage > 600, mg/m? 0.415 (0.02 - 8.2) 0.563

Cox-Snell RZ 0.146; P < 0.001. LVEF: left ventricular ejection fraction; Cl: confidence interval.
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signaling as with that of HTN [18]. A meta-analysis by Qui et
al among 7,488 patients receiving anthracycline chemotherapy
showed that HTN had an OR of 1.99 (95% CI: 1.43 - 2.76) in
the development of AIC. Likewise, DM was also found to have
increased odds of AIC (OR: 1.74; 95% CI: 1.11 - 2.74) [19].
Mechanistically, DM potentiates anthracycline cardiotoxicity
by exposing the heart to high blood sugar, thereby increasing
fatty acids and cytokines. This then leads to continuous ac-
cumulation of fat droplets in myocardial cells and eventually
cardiotoxicity [20]. Lastly, dyslipidemia was also shown to be
related to increased risk for AIC as reported in other studies
[12, 21]. Its proposed mechanism in potentiating AIC involves
endothelial dysfunction and vascular complications [22]. The
significantly higher propensity for AIC development in pa-
tients with comorbidities may warrant closer monitoring and
control of HTN, DM, and dyslipidemia before and during the
chemotherapeutic sessions.

This retrospective study included breast cancer patients
who were given different anti-cancer therapies, such as cyclo-
phosphamide, taxanes, and human epidermal growth factor 2
(Her-2) inhibitors, whose mechanism for cardiotoxicity differs
from that of anthracyclines. In many cases, these non-anthra-
cycline chemotherapies, like Her-2 inhibitors, had reversible
cardiotoxic effects and thus patients may spontaneously recov-
er [23]. This is in contrast to the irreversible cardiotoxic effect
of anthracyclines.

Findings of this study showed that patients who were
concurrently given non-anthracycline chemotherapy had a
significantly less likelihood of cardiotoxicity than those given
anthracyclines alone. On the other hand, existing literature
proposes that having concurrent chemotherapy apart from an-
thracyclines predisposes patients to AIC [7]. An explanation
for our contrasting findings is that the temporality of EF deter-
mination could have had a significant confounding effect (i.e.,
those who had cardiotoxicity from other chemotherapy agents
could have already recovered from the damage at the time of
EF determination, and thus, the cardiotoxicity was not detect-
ed). Additionally, we found that those patients with concur-
rent non-anthracycline chemotherapies had a lower mean dose
of doxorubicin of 155.77 mg/m? compared to those patients
who were given only doxorubicin regimens (higher mean
dose of 172.69 mg/m?). An accepted fact is that oncologists
will classify and determine which patients will receive con-
current chemotherapy based on their baseline clinical profile.
Oncologists tend to give concurrent chemotherapy to younger
patients and to those with less or no comorbidities. Hence,
these patients possibly receive a lower total cumulative dose
of anthracyclines. Older patients as well as those with comor-
bidities who are poor candidates for concurrent therapy, tend
to receive anthracyclines alone or in sequential therapy with
varying cumulative anthracycline doses [24]. In our study, the
mean age of patients who had concurrent chemotherapy was
lower at 53.66 compared to 57.45 years for those who had
anthracyclines alone. Likewise, patients who received con-
current chemotherapy had no comorbidity in 56% of patients,
compared to only 36% among patients who had anthracyclines
alone. A prospective, randomized and controlled study involv-
ing subsets of patients with more comorbidities and with a
high risk of AIC may be needed to verify our findings.
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In this study, the mean age was only 53.91 years, with
those over 65 years comprising only 12.31% of the total co-
hort. The inclusion of a relatively younger cohort of patients
may preclude a definitive assessment that having an age over
65 is a significant risk factor for the development of AIC.
Likewise, we did not demonstrate an independent correlate
of cumulative anthracycline dose for AIC development. How-
ever, the cumulative doxorubicin dose in the cohort was rela-
tively low, with a median dose of only 132 mg/m? in the AIC
group. This is in contrast to the reported higher risk for AIC
development for doxorubicin dose going beyond 250 mg/m?
[8, 9, 12]. It is, however, noteworthy, that we still detected a
high incidence of AIC despite having a lower mean age and
a lower mean anthracycline dose. These results are similar to
that of a retrospective study done on 99 breast cancer Filipino
female patients, wherein the mean age of those who developed
CTRCD was relatively young as well (56 years), with an inci-
dence for subclinical LV dysfunction of 18% [25]. Similar to
our study, patients in their cohort also received relatively lower
doses of anthracyclines. Therefore, clinicians should also be
mindful of the possibility of AIC even for younger patients or
those with lower anthracycline doses.

To the best of our knowledge, this study is the first multi-
site real world data in a Filipino cohort to determine the na-
tional burden of AIC. We believe that this is an important step
in improving our knowledge and care for cancer patients un-
dergoing anthracycline chemotherapy. Our findings show that
Filipino breast cancer patients may have lower thresholds or
propensities for AIC in terms of age and cumulative anthracy-
cline dose compared to other ethnicities. We believe that this is
worth investigating further in future studies.

Limitations of the study

The measurement accuracy of the LVEF is dependent on the
image quality and expertise of the sonographer and reader.
Therefore, the determination of the EF was subjected to some
degree of inter-vendor and inter-observer variability. Some
AIC may have been potentially undetected, leading to an un-
derestimation of its incidence. Moreover, the duration of pa-
tient follow-up was limited to only 1 year from the completion
of anthracycline chemotherapy and it was, therefore, possible
to miss out on those patients who developed AIC beyond 1
year. Given the retrospective nature of the study, a sizable
number of patients were excluded (1,568 patients) mainly due
to lack of matching pre- and/or post-chemotherapy echocar-
diograms. Despite current recommendations to perform a TTE
prior to anthracycline initiation as well as periodic LVEF mon-
itoring [26], many patients did not have either one or both.
This reduced the generalizability of our results, and may have
led to an underestimation of the true incidence of AIC.
Patients with preexisting cardiac dysfunction were ex-
cluded in this study. This allowed the assessment of the pa-
tient’s risk for the development of cardiotoxicity from an-
thracyclines alone, without the confounding etiologies of LV
dysfunction such as ischemic heart disease and valvular heart
diseases. It is worth mentioning, however, that other impor-
tant potential preexisting cardiac conditions not routinely
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seen in medical chart review may be missed in our study.
Hypertrophic cardiomyopathy (HCM) [27], arrhythmogenic
right ventricular cardiomyopathy [28], dilated cardiomyopa-
thy [29] and cardiomyopathies induced by arrhythmias [30]
may have normal LVEF on TTE and yet can still present with
overt heart failure and even sudden cardiac death later in their
disease. Moreso, these patients may present with symptoms
not typical of HF, i.e., patients with HCM can present with
syncope [27]. A comprehensive account of all these cardiac
disease entities at baseline through symptom screening may
be done in future studies. Data on the amount of radiation the
patients had received were not available for analysis, limiting
our ability to accurately assess its association with AIC. Last-
ly, our study did not stratify based on breast cancer staging.
Higher stages may necessitate more cycles of chemotherapy,
hence longer lines of treatment and more prolonged exposure
to anthracyclines and other potentially cardiotoxic therapies.
Lower stage breast cancers in contrast may entail lower dose
exposure of anthracyclines.

Conclusion

In a 5-year nationwide multicenter cohort study in the Phil-
ippines, we determined a high incidence of cardiotoxicity at
9.68% among adult breast cancer patients undergoing anthra-
cycline chemotherapy. Concurrent non-anthracycline chemo-
therapy showed an inverse association with the development
of AIC. We attribute this inverse association to patient selec-
tion, as the patients who had concurrent chemotherapy had re-
ceived lower mean anthracycline doses and had fewer or no
preexisting comorbidities. Having preexisting comorbidities
increased the odds of developing anthracycline cardiotoxicity.
This may warrant closer monitoring and control of patient co-
morbidities such as HTN among patients undergoing anthracy-
cline chemotherapy.
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