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Abstract
Objective: To describe the cardiovascular risk from Mexican patients scheduled to initiate cancer treatment and to compare 
the risk between oncological and hematological malignancies. Methods: We enrolled patients referred for echocardiography 
before initiating cancer therapies. Left ventricular ejection fraction (LVEF) and global longitudinal strain (GLS) was evaluated. 
To estimate the risk for developing cancer therapy-related cardiovascular toxicity (CTR-CVT) we used the Heart Failure 
Association-International Cardio-Oncology Society risk score (HFA-ICOS). Results: 106 patients were studied, 83% (n = 88) 
had an oncological, and 17% (n = 18) a hematological malignancy. Breast cancer represented 89.8% (n = 79) of the onco-
logical and lymphoma 61.1% (n = 11) of the hematological malignancies. Patients with oncological malignancies were older 
(55 ± 11 vs. 46 ± 14 years; p = 0.020) and more frequently female (95.5 vs. 44.4%; p < 0.001). Metastasis was more prev-
alent in patients with hematological malignancies (38.9 vs. 13.6%; p = 0.011). Mean LVEF was 59.42 ± 6.36 and mean GLS 
was 20.26 ± 4.89. Prevalence of borderline (50-54%) and reduced LVEF (< 50%) was 4.7 and 3.8%, respectively. Abnormal 
GLS (< 18%) was identified in 10.4%. HFA-ICOS classified 14.7% of oncological and 10.2% of hematological malignancies 
in the high and very high-risk categories for developing CTR-CVT (p = 0.68). Conclusions: A high risk for developing CTR-
CVT was identified in 14.2% of our population. This risk was comparable among oncological and hematological malignancies.

Keywords: Cardio-oncology. Global longitudinal strain. Echocardiography. Chemotherapy. Cardiotoxicity. Risk prediction.

Resumen
Objetivo: Describir el riesgo cardiovascular en pacientes mexicanos antes de iniciar tratamientos contra el cáncer y compararlo 
entre neoplasias oncológicas y hematológicas. Métodos: Se estudiaron pacientes remitidos para ecocardiografía, se evaluó 
la fracción de eyección ventricular izquierda (FEVI) y el strain longitudinal global (SLG). Se utilizó la escala HFA-ICOS para 
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Introduction

Advances in cancer treatment have led to improved 
survival and quality of life in a wide variety of solid 
tumors and hematologic malignancies1-3. However, can-
cer treatments, including chemotherapy, immune ther-
apies, targeted agents, and radiation therapy, convey 
toxicities that increase the risk of cardiovascular (CV) 
diseases4. Therefore, a new discipline named car-
dio-oncology has emerged to allow patients with cancer 
to receive the best possible cancer treatments safely, 
minimizing cancer therapy-related cardiovascular toxic-
ity (CTR-CVT) across the entire continuum of cancer 
care5.

A broad spectrum of CTR-CVT has been identified 
including cardiac dysfunction/heart failure, myocarditis, 
vascular toxicities, hypertension, arrhythmias, and peri-
cardial and valvular diseases4,6-9. Different terminolo-
gies and definitions have been previously proposed to 
describe the spectrum of CTR-CVT, leading to inconsis-
tencies in diagnosis and management. Recently, the first 
guidelines on cardio-oncology unifying the definitions 
and terminology of CTR-CVT have been published10. In 
addition, these guidelines recommend baseline risk strat-
ification before starting potentially CV-toxic anticancer 
therapies and provide recommendations for prevention 
and monitoring CV complications during and after can-
cer treatment.

Several prediction scores have been proposed to 
identify patients at risk for developing CTR-CVT11-13. 
However, these scores have been for specific cancer 
groups and cannot be extrapolated to other types of 
malignancies. The most recommended CV risk assess-
ment tool is the Heart Failure Association-International 
Cardio-Oncology Society risk score (HFA-ICOS), since 
it has been developed for seven cardiotoxic cancer 

therapy classes and can be easily used in oncology 
and hematology services10,14.

CV imaging plays a key role in monitoring CTR-CVT, 
accordingly, current guidelines recommend transtho-
racic echocardiography as the preferred imaging tech-
nique for the assessment of cardiac function in patients 
with cancer treatment, being three-dimensional (3D) 
echocardiography and global longitudinal strain (GLS) 
being the endorsed modalities10,15,16.

In clinical practice, the lack of a baseline left ventric-
ular ejection fraction (LVEF) poses a challenge when 
evaluating the likelihood of a true cancer therapy-re-
lated cardiac dysfunction (CTRCD)4. Moreover, infor-
mation from the Mexican population is limited to case 
reports, pharmacogenetic studies, and children surviv-
ing cancer17-21. The aim of this study is to describe the 
baseline CV risk to develop CTR-CVT, analyze the CV 
risk differences between patients with oncological and 
hematological malignancies, and describe the echocar-
diographic features and clinical characteristics from a 
Mexican population scheduled to initiate cancer 
treatment.

Material and methods

Study population
We prospectively enrolled newly diagnosed cancer 

patients who were referred for echocardiography before 
initiating cancer therapies during the period June 
2020-september 2023. This is a prospective cohort 
study conducted at Hospital San José Hermosillo, a 
tertiary care center with a high-specialty oncology unit 
in northwest Mexico. Eligibility criteria: Patients above 
18  years with an expected life survival of more than 
6 months, based on the treating physician’s judgment, 
were eligible. Patients with a poor echocardiographic 

estimar el riesgo de toxicidad cardiovascular relacionada a terapias contra el cáncer (CTR-CVT). Resultados: Se estudiaron 
106 pacientes; 83% (n = 88) presentaba una neoplasia oncológica y 17% (n = 18) una neoplasia hematológica. El cáncer de 
mama representó 89.8% (n = 79) de las neoplasias oncológicas y el linfoma 61.1% (n = 11) de las hematológicas. Los pacien-
tes con neoplasias oncológicas eran de mayor edad (55 ± 11 vs. 46 ± 14 años; p = 0.020) y en mayor proporción mujeres 
(95.5 vs. 44.4%; p < 0.001). La metástasis fue más prevalente en neoplasias hematológicas (38.9 vs. 13.6%; p = 0.011). FEVI 
promedio 59.42 ± 6.36 y SLG promedio 20.26 ± 4.89. La prevalencia de FEVI limítrofe (50-54%) y reducida (< 50%) fue del 
4.7 y 3.8%, respectivamente. Se identificó un SLG anormal (< 18%) en el 10.4%. Se clasificaron en alto y muy alto riesgo 
para desarrollar CTR-CVT al 14.7 y el 10.2% de los pacientes con neoplasias oncológicas y hematológicas, respectivamente 
(p = 0.68). Conclusiones: Se identificó un alto riesgo de desarrollar CTR-CVT en el 14.2% de los pacientes utilizando la 
puntuación de riesgo HFA-ICOS. Este riesgo fue similar en los pacientes con neoplasias oncológicas y hematológicas.

Palabras clave: Cardiooncología. Strain longitudinal global. Ecocardiografía. Quimioterapia. Cardiotoxicidad. Predicción de 
riesgos.
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window were excluded from the study. Patients with a 
prior history of cancer who received chemotherapy or 
radiotherapy were not excluded. Clinical characteristics 
including age, gender, CV risk factors, previous cancer 
treatments, and current cancer diagnosis were recol-
lected from the clinical record. Patients were classified 
in the oncological and hematological groups to analyze 
differences among them. The baseline CV risk of the 
enrolled patients was assessed using the HFA-ICOS 
risk assessment tool (available at https://guidelines.
escardio.org/), which includes specific CV risk stratifi-
cation pro forma for anthracyclines, Human Epidermal 
growth factor Receptor 2 (HER2)-targeted therapies, 
vascular endothelial growth factor inhibitors, breakpoint 
cluster region–Abelson oncogene locus inhibitors, and 
multiple myeloma therapies. The baseline CV risk of 
these patients was classified as low/medium/high/very 
high based on the recommendations of the HFA-ICOS 
Risk Tool developed for the planned cancer drug ther-
apy. In patients with breast cancer who were planned 
to receive sequential therapy with anthracyclines and 
HER2-targeted agents, we used the pro forma designed 
for HER2-targeted agents. Since this tool allows the 
calculation of cardiac risk without the use of cardiac 
biomarkers, they were entered in the calculator only 
where available. The oncologic treatment was deter-
mined by the responsible oncologist or hematologist. 

Echocardiographic examination
A complete baseline echocardiogram was performed 

according to current recommendations using a Viv-
id-E95 machine (General Electric, Milwaukee, USA)10,22. 
All tests were performed and interpreted by a level 3 
echocardiographer. For the left ventricular (LV) GLS 
standard, four, three, and two chamber views were 
used, according to the EACVI/ASE/Industry Task Force 
for 2D speckle tracking echocardiography23. Adequate 
tracking was visually assessed before acceptance. 
Radial and circumferential strain were not measured. 
For three-dimensional analysis, dataset acquisition for 
3D images was performed using second harmonic 
imaging from the apical approach. During acquisition, 
we used the multi-slice display to ensure that the entire 
LV cavity was included in the dataset. Four to six con-
secutive electrocardiography-gated sub-volumes were 
acquired during breath holding to generate full-volume 
datasets with a minimum volume rate of 20 volumes/s24. 
Measurements of 3D LV volumes and LVEF were per-
formed using a commercially available software pack-
age (4D AutoLVQ, GE Vingmed Ultrasound, Horten, 

Norway). Briefly, initialization of LV endocardial border 
tracing was manually performed by identifying two 
points on the 4-chamber view image at end-diastole 
and at end-systole (1 point in the middle of the mitral 
annulus and a second point at the LV apex). Manual 
editing of the semi-automatically generated endocardial 
contours was routinely applied to include the LV outflow 
tract, as well as papillary muscles and trabeculae within 
the LV cavity.

Statistical analysis
The Kolmogorov-Smirnov test was used to study the 

distribution of numerical variables. Parametric variables 
are expressed as mean ± standard deviation; compar-
ison between groups was done with Student’s t test or 
ANOVA as appropriate. Non-parametric variables are 
expressed as median and interquartile ranges, and 
comparison between groups was performed using the 
Wilcoxon signed-rank test. Categorical variables are 
summarized as percentages, and comparison between 
groups was done with the Chi-square test. Statistical 
analysis was performed using IBM SPSS Statistics, ver-
sion  25.0 (IBM Corp., Armonk, N.Y., USA). Two-tailed  
p values with an α error < 0.05 were considered statis-
tically significant.

Results
A summary of the baseline characteristics is pre-

sented in table 1. A  total of 106 patients were studied; 
of these, 83% (n = 88) had an oncological and 17% 
(n = 18) a hematological malignancy. The mean age was 
53  years and 87% were women. Breast cancer repre-
sented 89.8% (n = 79) of the oncological malignancies, 
6.8% (n = 6) had colorectal cancer, and 3.4% (n = 3) 
had a sarcoma. Among patients with hematological 
malignancies, lymphoma was the most frequent type, 
representing 61.1% (n = 11). This group also included 
16.7% (n = 3) of patients with leukemia, 16.7% (n = 3) 
with multiple myeloma, and 5.6% (n = 1) with plasmacy-
toma. Patients with oncological malignancies were older 
(55 ± 11 vs. 46 ± 14 years; p = 0.020) and had a greater 
proportion of female patients (95.5%, n = 84 vs. 44.4%, 
n = 8; p < 0.001). Metastasis was more frequently 
encountered in patients with hematological malignancies 
(38.9 vs. 13.6%; p = 0.011). Recurrent cancer was similar 
between both groups (8 vs. 11.1%; p = 0.191).

The predominant CV risk factors were hypertension 
and obesity, both present in 24.5% (n = 26) of the total 
population. Other risk factors included diabetes in 



343

C. Arroyo-Rodríguez et al.  CV risk before cancer treatments in Mexico

15.1% (n = 16), dyslipidemia in 16% (n = 17), and smok-
ing in 6.6% (n = 7). No significant differences between 
groups were found in previous cardiac conditions, dia-
betes, hypertension, dyslipidemia, obesity, and smok-
ing. According to the HFA-ICOS CV toxicity risk, the 
majority of patients were classified in the low and medi-
um-risk categories, 85.8% (n = 91). However, 14.2% 
(n = 15) of the population were classified in the high or 
very high-risk categories for developing CTR-CVT. No 
significant differences between groups were found in 
the HFA-ICOS CV toxicity risk. Cardiac biomarkers 
were available for calculation of HFA-ICOS risk only in 
15% of the general population and in 50% of the cases 

of myeloma/plasmocytoma, where they represent a 
higher risk when elevated25.

The planned anticancer therapies were anthracy-
clines in 59.4% (n = 63), HER2-targeted therapies in 
50% (n = 53), and radiotherapy in 46.2% (n = 49) of the 
total population. Oncological patients were more com-
monly planned to receive HER2-targeted therapies 
(60.2 vs. 0%; p < 0.001) and radiotherapy (51.1 vs. 
22.2%; p = 0.024) than patients with hematological 
malignancies. Anthracycline prescription was compara-
ble among groups (58 vs. 66.7%; p = 0.492). In patients 
with breast cancer, 40 patients (51%) were planned to 

Table 1. Baseline characteristics

Variable All patients
(n = 106)

Oncological malignancies
(n = 88)

Hematological malignancies
(n = 18)

p

Age 53 ± 12 55 ± 11 46 ± 14 0.020

Female 92 (86.8) 84 (95.5) 8 (44.4) < 0.001

Cancer type, n (%)
Colorectal
Sarcoma
Breast
Leukemia
Lymphoma
Multiple myeloma
Plasmocytoma 

6 (5.7)
3 (2.8)

79 (74.5)
3 (2.8)

11 (10.2)
3 (2.8)
1 (0.9)

6 (6.8)
3 (3.4)

79 (89.8)
0 (0)
0 (0)
0 (0)
0 (0)

0 (0)
0 (0)
0 (0)

3 (16.7)
11 (61.1)
3 (16.7)
1 (5.6)

< 0.001

Metastasis 28 (26.4) 12 (13.6) 7 (38.9) 0.011

Recurrent cancer 9 (8.5) 7 (8) 2 (11.1) 0.191

Previous cardiac conditions
Myocardial infarction
Long QT syndrome
Dilated cardiomyopathy

1 (0.9)
1 (0.9)
1 (0.9)

1 (1.1)
1 (1.1)
0 (0)

0 (0)
0 (0)

1 (5.6)

0.223

Diabetes 16 (15.1) 15 (17) 1 (5.6) 0.214

Hypertension 26 (24.5) 23 (26.1) 3 (16.7) 0.394

Dyslipidemia 17 (16) 16 (18.2) 1 (5.6) 0.183

Obesity 26 (24.5) 20 (22.7) 6 (33.3) 0.340

Smoking 7 (6.6) 5 (5.7) 2 (11.1) 0.398

HFA‑ICS
Low risk
Medium risk
High risk
Very high risk

61 (57.5)
30 (28.3)
13 (12.3)

2 (1.9)

51 (58)
24 (27.3)
12 (13.6)

1 (1.1)

10 (55.6)
6 (33.3)
1 (5.6)
1 (4.6)

0.466

Anthracyclines  63 (59.4) 51 (58) 12 (66.7) 0.492

HER2‑targeted therapies 53 (50) 53 (60.2) 0 (0) < 0.001

Radiotherapy 49 (46.2) 45 (51.1) 4 (22.2) 0.024

Values presented as mean ± SD or percentage.
HFA‑ICOS: Heart Failure Association‑International Cardio‑Oncology Society risk score; HER2: human epidermal growth factor receptor 2.
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receive sequential therapy with anthracyclines and 
HER2-targeted therapies.

Echocardiographic characteristics are presented in 
table  2. For the echocardiographic examination, 3D 
echocardiography was the most frequently method 
used to measure LVEF (76.4%, n = 81), followed by the 
Simpson method (23.6%, n = 25). LVEF was 59.42 ± 
6.36 of the total population. However, non-significant 
differences were found between groups (60.00 ± 5.23 
in oncological vs. 56.61 ± 9.97 in hematological patients; 
p = 0.177). A  reduced (LVEF < 50%) and borderline 
ejection fraction (LVEF 50-54%) were present in 3.8% 
(n = 4) and 4.7% (n = 5) of the study population. The 
proportion of patients with reduced and borderline 
LVEF was similar between groups (2.3 vs. 11.1%; 
p = 0.073) and (5.7 vs. 0%; p = 0.300), respectively.

GLS was 20.26 ± 4.89 in the total population. No 
significant differences were found in GLS among 
groups (20.25 ± 5.27 vs. 19.55 ± 3.65; p = 0.600). The 
proportion of patients with an abnormally low GLS 
(absolute value < 18%) was comparable between 
groups (10.2 vs. 11.1%; p = 0.911).

In addition, patients with oncological malignancies 
had lower LV end-diastolic volumes (48.55 ± 10.42 vs. 
55.33 ± 12.45; p = 0.042) and smaller diastolic diame-
ters (44 vs. 47mm; p = 0.041). This is mainly explained 
by a greater proportion of female patients in the onco-
logical group. Non-significant differences were found in 
LV end-systolic volumes and diameters between groups 
(19.58 ± 5.98 vs. 22.15 ± 4.16; p = 0.066) and (29 vs. 
30; p = 0.505), respectively. Furthermore, non-signifi-
cant differences were found in left atrial volume (31.55 
± 8.72 in oncological vs. 30.11 ± 8.13 mL/m2 in hema-
tological patients; p = 0.505). Grade I diastolic dysfunc-
tion was present in 45.5% (n = 40) of oncological and 
33.3% (n = 6) of hematological patients. A  grade  II 
diastolic dysfunction (reflecting high filling pressures) 
was also comparable among groups (4.5 vs. 11.1%; p 
= 0.420).

Tables 3 and 4 present the baseline characteristics 
and echocardiographic features according to cancer 
type. Of note, patients with sarcoma, multiple myeloma, 
and plasmacytoma had a higher prevalence of metas-
tasis (p < 0.001). Obesity was more frequent in patients 
with sarcoma, lymphoma, and multiple myeloma 

Table 2. Echocardiographic features

Variable All patients
(n = 106)

Oncological malignancies
(n = 88)

Hematological malignancies
(n = 18)

p

LVEF 59.42 ± 6.36 60.00 ± 5.23 56.61 ± 9.97 0.177

LVEF method
3D
Simpson

81 (76.4)
25 (23.6)

68 (77.3)
20 (22.7)

13 (72.5)
5 (27.8)

0.646

LVEF < 50% 4 (3.8) 2 (2.3) 2 (11.1) 0.073

LVEF 50‑54% 5 (4.7) 5 (5.7) 0 (0) 0.300

GLS 20.26 ± 4.89 20.25 ± 5.27 19.55 ± 3.65 0.600

GLS < 18% 11 (10.4) 9 (10.2) 2 (11.1) 0.911

End‑diastolic volume mL/m2 49.71 ± 11.03 48.55 ± 10.42 55.33 ± 12.45 0.042

End‑systolic volume mL/m2 19.93 ± 5.83 19.58 ± 5.98 22.15 ± 4.16 0.066

Diastolic diameter 45 (42‑47) 44 (41‑46) 47 (43‑51.5) 0.041

Systolic diameter 29 (26.5‑32) 29 (26‑31) 30 (27.5‑36.5) 0.516

Left atrial volume mL/m2 31.3 ± 8.61 31.55 ± 8.72 30.11 ± 8.13 0.505

Diastolic dysfunction
None
Grade I
Grade II

55 (50.9)
46 (43.4)

6 (5.7)

44 (50)
40 (45.5)

4 (4.5)

10 (55.6)
6 (33.3)
2 (11.1)

0.420

Values presented as mean ± SD or percentage.
LVEF: left ventricular ejection fraction; 3D: three dimensional; GLS: global longitudinal strain.
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(p = 0.027). No significant differences were found in the 
risk estimation for developing CTR-CVT according to 
cancer type utilizing the HFA-ICOS pro forma accord-
ing to cancer type. As expected, end-diastolic/systolic 
volumes and diastolic diameters were significantly 
smaller in patients with breast cancer, given a greater 
proportion of female patients in this group. No signifi-
cant differences were found in LVEF or GLS according 
to cancer type.

Discussion

This study provides the baseline clinical characteris-
tics, echocardiographic features, and CV risk profile of 
a Mexican population scheduled to initiate cancer treat-
ment (Fig. 1). Our main findings can be summarized as 
follows: (1) The majority of patients referred for echo-
cardiography before starting cancer therapies were 
female gender (87%), being breast cancer the most 
frequent type among them (85.9%), (2) most of the 
patients had a low or medium risk to develop CTR-CVT; 
however, 14.2% were classified in the high or very 

high-risk categories according to the HFA-ICOS CV 
toxicity risk score, (3) the risk to develop CTR-CVT was 
comparable among patients with oncological and 
hematological malignancies according to the HFA-
ICOS pro forma, and (4) considering low GLS and a 
low and borderline LVEF, 10.4 and 8.5%, of our patients 
(respectively) face a higher risk for developing CTR-CVT.

The optimal time to consider CV prevention strategies 
in patients with cancer is at the time of cancer diagnosis 
and before the initiation of cancer treatment5,10. The 
HFA-ICOS CV toxicity risk score is a baseline CV risk 
stratification pro forma that can be used specifically to 
stratify risk in cancer patients before starting potentially 
cardiotoxic cancer therapies14. This tool has been vali-
dated in a wide variety of oncological and hematological 
malignancies26-31. Accordingly, patients identified in the 
high and very high-risk categories require a cardiology 
referral (preferentially a cardio-oncologist), while patients 
in the low-risk category should proceed to anticancer 
therapy without delay10. Patients identified at risk should 
receive aggressive management of CV risk factors and 
pre-existing CV disease. A  multidisciplinary team 

Table 3. Baseline characteristics according to cancer type

Variable Breast Sarcoma Colorectal Lymphoma Leukemia Multiple 
myeloma

Plasmocytoma p

Age 55 ± 10 41 ± 12 59 ± 21 48 ± 13 29 ± 10 56 ± 8 48 0.001

Female 79 (100) 1 (33.3) 4 (66.7) 6 (54.5) 1 (33.3) 1 (33.3) 0 (0) < 0.001

Metastasis 7 (8.9) 3 (100) 2 (33.3) 4 (36.4) 0 (0) 2 (66.7) 1 (100) < 0.001

Recurrent cancer 6 (7.6) 0 (0) 1 (16.7) 2 (18.2) 0 (0) 0 (0) 0 (0) 0.827

Diabetes 14 (17.7) 1 (33.3) 0 (0) 1 (9.1) 0 (0) 0 (0) 0 (0) 0.758

Hypertension 21 (26.6) 1 (33.3) 1 (16.7) 2 (18.2) 0 (0) 0 (0) 1 (100) 0.559

Dyslipidemia 16 (20.3) 0 (0) 0 (0) 1 (9.1) 0 (0) 0 (0) 0 (0) 0.664

Obesity 16 (20.3) 3 (100) 1 (16.7) 5 (45.5) 0 (0) 1 (33.3) 0 (0) 0.027

Smoking 5 (6.3) 0 (0) 0 (0) 1 (9.1) 1 (33.3) 0 (0) 0 (0) 0.794

HFA‑ICOS
Low risk
Medium risk
High risk
Very high risk

46 (58.2)
21 (26.6)
11 (13.9)

1 (1.3)

1 (33.3)
2 (66.7
0 (0)
0 (0)

4 (66.7)
1 (16.7)
1 (16.7)

0 (0)

5 (45.5)
4 (36.4)
1 (9.1)
1 (9.1)

3 (100)
0 (0)
0 (0)
0 (0)

2 (66.7)
1 (33.3)

0 (0)
0 (0)

0 (0)
1 (100)

0 (0)
0 (0)

0.837

Anthracyclines 48 (60.8) 3 (100) 0 (0) 10 (90.9) 2 (66.7) 0 (0) 0 (0) < 0.001

HER2‑targeted 
therapies

52 (65.8) 0 (0) 1 (16.7) 0 (0) 0 (0) 0 (0) 0 (0) < 0.001

Radiotherapy 40 (50.6) 2 (66.7) 3 (50) 3 (27.3) 0 (0) 1 (33.3) 0 (0) 0.832

Values presented as mean ± SD or percentage.
HFA‑ICOS: Heart Failure Association‑International Cardio‑Oncology Society risk score; HER2: human epidermal growth factor receptor 2.
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Table 4. Echocardiographic features according to cancer type

Variable Breast Sarcoma Colorectal Lymphoma Leukemia Multiple 
myeloma

Plasmocytoma p

LVEF 60 ± 5 55 ± 3 60 ± 6 55 ± 12 57 ± 3 60 ± 3 62 0.220

LVEF method
3D
Simpson

61 (77.2)
18 (22.8)

3 (100)
0 (0)

4 (66.7)
2 (33.3)

7 (63.6)
4 (36.4)

2 (66.7)
1 (33.3)

3 (100)
0 (0)

1 (100)
0 (0)

0.723

LVEF < 50% 2 (2.5) 0 (0) 0 (0) 2 (18.2) 0 (0) 0 (0) 0 (0) 0.298

LVEF 50‑54% 4 (5.1) 1 (33.3) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0.352

GLS 20.2 ± 5.5 19.7 ± 4 21.2 ± 2.4 19.3 ± 4.4 18.1 ± 0.1 20.9 ± 2.8 22.5 0.969

GLS < 18% 8 (10.1) 1 (33.3) 0 (0) 2 (18.2) 0 (0) 0 (0) 0 (0) 0.686

End diastolic volume mL/m2 47.3 ± 8.7 52.3 ± 3.2 63.5 ± 20 53.8 ± 3.9 58 ± 5.3 61.7 ± 13.6 45 0.001

End systolic volume mL/m2 18.9 ± 5.3 23.3 ± 3.2 25.8 ± 10.1 20.3 ± 2.1 24.6 ± 2.1 25 ± 6.6 17 0.025

Diastolic diameter 43.9 ± 3.7 43.7 ± 5.1 42.3 ± 7.5 48.2 ± 7 45.7 ± 2.5 49.3 ± 5.5 40 0.026

Systolic diameter 29.2 ± 3.8 30 ± 5.6 28.3 ± 6.5 32.9 ± 10.6 30.7 ± 4 33.7 ± 4 28 0.300

Left atrial volume mL/m2 30.9 ± 8.1 35.6 ± 3.2 38 ± 14.8 30.6 ± 6.9 24.3 ± 1.2 36.3 ± 13.8 23 0.198

Diastolic dysfunction
None
Grade I
Grade II

40 (50.6)
35 (44.3)

4 (5.1)

1 (33.3)
2 (66.7)

0 (0)

3 (50)
3 (50)
0 (0)

6 (54.5)
4 (36.4)
1 (9.1)

2 (66.7)
0 (0)

1 (33.3)

1 (33.3)
2 (66.7)

0 (0)

1 (100)
0 (0)
0 (0)

0.722

Values presented as mean ± SD or percentage.
LVEF: left ventricular ejection fraction; 3D: three dimensional; GLS: global longitudinal strain.

Figure  1. Patients scheduled to receive cancer therapies. HFA-ICOS: Heart Failure Association-International Cardio-
Oncology Society risk score; HER2: human epidermal growth factor receptor 2. LVEF: left ventricular ejection fraction; 
GLS: global longitudinal strain; CTR-CVT: cancer therapy-related cardiovascular toxicity.
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discussion between oncologists and cardiologists to 
balance the risk/benefit of cardiotoxic anticancer treat-
ment before starting treatment in high and very-high-risk 
patients is recommended. There is moderate evidence 
supporting the use of neurohormonal blockade (angio-
tensin converting enzyme inhibitors or angiotensin 
receptor blockers and beta-blockers), statins, dexrazox-
ane, and liposomal anthracyclines for primary preven-
tion of cancer therapy-related CV toxicity in high and 
very high risk patients10,32.

An Italian registry of 373 patients with breast cancer 
identified 10.2% of their population at high or very high 
risk for developing CTR-CVT utilizing the HFA-ICOS 
risk tool. A higher proportion of patients at medium or 
high risk received cardioprotective agents (p < 0.0001), 
likely explaining the lack of LV dysfunction events in 
patients receiving anthracyclines28. Similar to our 
results, in the CARDIOTOX registry, 15.2% of patients 
were classified in the high or very high-risk categories. 
In their study, the HFA-ICOS demonstrated a good 
ability to predict both all-cause mortality and CV toxic-
ity29. A  United  Kingdom study of 931  patients with 
breast cancer reported 8.1% of their population in the 
high or very high-risk categories from the HFA-ICOS 
score, also demonstrating increased rates of cardiotox-
icity with increasing HFA-ICOS scores (14.0% low, 
16.7% medium, 30.3% high/very high; p = 0.002)33. In 
a Japanese registry including 486 patients with hema-
tological malignancies and breast cancer, 31.3% of 
their population were in the high and very-high catego-
ries of the HFA-ICOS score. Compared with the low risk 
category, the HR for presenting heart failure/LV dys-
function was 3.57  (95% CI 1.70-7.51, p < 0.001)34. 
However, the HFA-ICOS pro forma has been able to 
identify only the highest risk patients, and there is an 
ongoing need for accurate CTRCD risk prediction mod-
els in women with HER2+ breast cancer35.

Although in our study the risk for developing CTR-
CVT was comparable among patients with oncological 
and hematological malignancies according to the HFA-
ICOS pro forma, in a recent validation of the HFA-ICOS 
risk score, the proportion of patients classified in the 
high and very-high risk categories for developing CTR-
CVT was higher in hematological than oncological 
malignancies (27.3 vs. 9.5%)31. In line with this, the 
HFA-ICOS baseline risk score classified in the high and 
very high risk categories 32.4% of patients with chronic 
myeloid leukemia treated with nilotinib and 8.1% of 
patients with HER2+ breast cancer33,36. Moreover, in 
the Kurume-Creo registry, a near 2-year follow-up study 
demonstrated that CV adverse events were more 

frequent in patients with hematological malignancies 
than in patients with breast cancer with a good predic-
tion ability of the HFA-ICOS proforma34. These dispar-
ities could be partially explained by different cancer 
treatment regimens, demographics, patient-related CV 
risk factors, as well as previous use of cardiotoxic 
agents14. In our study, a small sample size and a rela-
tively younger population among hematological patients 
likely contributed to obtain similar CV risk profiles 
according to the HFA-ICOS pro forma.

The current definition of CTRCD involves a decline in 
LVEF, GLS, and a new rise in troponin or natriuretic 
peptides, even without symptoms of heart failure 
(asymptomatic CTRCD). However, patients may need 
heart failure therapy or hospitalization according to the 
severity of symptoms (symptomatic CTRCD)4,10. A base-
line echocardiographic examination is of utmost impor-
tance to identify a true CTRCD, since some patients 
may have a pre-existing cardiac condition that may be 
misconsidered as a CTRCD leading to unnecessary 
interruptions or discontinuation of cancer therapies that 
may affect their prognosis. A  baseline borderline (50-
54%) or a reduced (< 50%) LVEF is a risk factor for 
future CTR-CVT from most cardiotoxic cancer thera-
pies, in particular with anthracyclines or trastuzumab. 
Considering this, 4.7 and 3.8% of our patients had a 
borderline or reduced LVEF, respectively.

Furthermore, an abnormal baseline GLS can predict 
LV dysfunction in patients receiving anthracyclines and/
or trastuzumab10,37,38. A cut off < 18% in GLS (absolute 
value) was associated with a hazard ratio of 3.54 for 
developing CTRCD. In our study, 10.4% of the studied 
population had a GLS < 18%, reflecting a higher risk 
population.

Limitations
First, this is a single-center observational study. 

Another limitation is that selection bias cannot be 
excluded since patients were sent to echocardiography 
at the discretion of the treating oncologist or hematol-
ogist (mainly in candidates to receive anthracyclines or 
HER2-targeted therapies). However, to the best of our 
knowledge, besides conference abstracts, this is the 
biggest cardio-oncology registry of Mexican patients, 
adding a missing piece of the puzzle to the literature 
from an under-represented population39. Finally, 
although the HFA-ICOS pro forma allows a risk calcu-
lation without cardiac serum biomarkers, this may 
underestimate the risk of our study population since 
they were not measured in the majority of our patients.
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Conclusions
A high risk for developing cardiac therapy-related CV 

toxicity was identified in 14.2% of our population. This 
risk was comparable among oncological and hemato-
logical malignancies. Considering low and borderline 
LVEF, 8.5% of our population pose a higher risk for 
developing cardiac therapy-related CV toxicity. An 
abnormally low baseline GLS (< 18%) was identified in 
10.4%, also linked to a higher risk. A  close follow-up 
with a multidisciplinary approach is necessary in this 
group of patients to minimize the risk, for a prompt 
identification and treatment of CTR-CVT.
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