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Abstract
Chemotherapy (CT) with anthracyclines can generate cardiotoxicity. The immunological system is part of the response to treatment 
with CT. Women with breast cancer were evaluated during their CT treatment, assessing their response to cardiotoxicity according 
to the treatment regimens and the classification of the cancer. Single CT and combined CT groups were made up (anthracyclines, 
Trastuzumab, and taxanes). Cardiotoxicity was measured as the Left Ventricle Expulsion Function (LVEF). The hematological 
response was measured start and at the end of treatment as the Lymphocyte/Macrophage Index (L/M) and the Lymphocyte/Platelet 
Index (L/P) The study included 451 women with breast cancer, among whom 230 underwent follow-up with LVEF on at least three 
occasions. Eight study groups were conformed based on their CT treatment. The comparison with LVEF was obtained between 
the baseline and the last LVEF. Combined CT diminished the LVEF, contrary to the CT of a single compound, which in addition 
showed a recovery from LVEF. The combined CT caused functional loss in terms of LVEF in 27% of the studied population. The 
L/M increased, and the L/P diminished in patients with the combined therapy. This suggests the participation of inflammation 
processes and vascular damage. Human epidermal growth factor receptor 2-positive (HER2+) and triple- negative patients have 
less survival, above all when the LVEF baseline was <55%. Anthracycline CT combined with other CT reduced the LVEF in 
women with breast cancer due to cardiotoxicity associated LVEF dysfunction. The use of only taxanes not exerted cardiotoxicity 
effect. 
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1. Introduction
Chemotherapy (CT) in breast cancer has increased the survival of 
women with this diagnosis [1]. Anthracyclines, hormone therapy, 
and radiotherapy (RT) limit the growth of tumor and healthy 
cells. The secondary effects of the damage depend on individual 
sensitivity, the treatment regimen, and the dosing. Human 
Epidermal Growth Factor Receptor Type 2-positive (HER2+) 
breast cancer presents in 15% of Mexican women and treatment 
of the latter is based on hormone therapy with Tratuzumab [2-4]. 

Cardiological control is necessary in patients, above all when the 
CT is combined with anthracyclines, requiring the assessment of 
the ventricular function and of the function of harmful proteins 
within the care protocols. Cardiotoxicities represent the diminution 
of the LVEF because of the dysfunction of the myocytes in their 
contractility and cardiac insufficiency due to cell death [5-7]. 
The anthracyclines give rise to damage to the cardiomyocytes 
and to their mitochondria because of the increase of oxidative 
stress and the rise of free iron, which provokes molecular 
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oxygen and apoptosis. These conditions can be reduced by the 
volume-correction, interruption of the oncological treatment, or 
cardioprotector medication [8-11].

Diminution of the LVEF by CT in women with breast cancer is 
added to other factors such as the following: age; obesity; smoking; 
hypertension; the cancer type (HER2+), and hypercholesterolemia 
[6,12]. Additionally, CT and radiotherapy (RT) affect the vascular 
endothelial cells, in addition to the aging of the heart and the 
presence of inflammatory processes generated from the deposit 
of visceral adipose tissue. Cardiotoxicity is dependent on the 
compound used; Trastuzumab interferes with the signaling of 
the neuregulin-1/HER, which is a cardioprotector; damage and 
susceptibility in cardiomyocytes is greater after exposure to the 
anthracyclines, with the diminution of the LVEF of between 4.4 
and 18-6% and the increase of the cardiotoxicity-index ranges 
from 0.8-4-1% [11,13,14]. Cardiotoxicity related to Trastuzumab 
is reversible after the treatment interruption of 6-7 months, 
where partial or complete recovery of the LVEF is up to 80% 
spontaneously or with medical treatment; this condition does not 
occur with the anthracyclines, while patients with LVEF recovery 
tolerate and continue with Trastuzumab or with 5-Fluorouracil 
[14-17].

In RT for breast cancer, there exists the risk of cardiac insufficiency 
due to the inflammatory and profibrotic environment, leading to 
endothelial dysfunction, atherosclerosis, and myocardial fibrosis, 
as well as coronary arteriopathy or myocardiopathy. The left 
ventricular apex and the ventricular segments irrigated by the left 
anterior descending coronary artery are vulnerable to radiation due 
to their proximity to the thoracic wall. In breast cancer, the contrast 
of the RT of the left side vs. that of the right side entertains the 
risk of 29% and 22% of coronary disease and cardiac apoptosis, 
respectively [13,18,19]. 

The genetic basis of cancer is related with13/72 genes. with 
variants that involve cardiotoxicity with the diminution of the 
LVEF due to CT with Doxorubicin and Trastuzumab [20]. HER2+ 
type breast cancer is a homodimer that, on the use of Trastuzumab, 
a substitution takes place of interleukin for valine (HER 655 Ile/Val 
SNP) in the transmembrane domain, modifying the configuration 
to the heterozygote and an active state. On the other hand, the 
substitution of the proline for the alanine (SNP HER2 1170 Pro/
Ala) of the carboxyl domain leads to a structure of a secondary 
amide, allowing for the union of H and greater stability. These 
changes in the cardiomyocytes are highly dependent on HER2+ 
signaling for growth, yield, and survival. Thus, the blocking of 
HER2+ by Trastuzumab exerts damage and functional alteration 
[14]. 

Cardiotoxicity with a reduction of ≥10% in the baseline of 
the LVEF has a lower limit of 55% with symptoms of damage 
[5]. Other studies sustain that cardiac insufficiency occurs due 
to muscular weakness and a relaxation of a longer time in the 
contraction, causing difficulty in breathing, little tolerance for 

exercise, and much fatigue. The low LVEF implies ventricular 
thickening, which gives rise to a reduction in the ejection and 
low blood perfusion toward the tissues [13]. To evaluate this 
information in patients with CT treatment permits the physician 
to obtain clinical information for treatment adjustment and clinical 
follow-up. The work analyzed the effect of cardiotoxicity by single 
and combined CT and in Mexican women with breast cancer; the 
LVEF was analyzed, in addition to the immunological response of 
the lymphocytes, monocytes, and platelets. 

2. Methods 
This was a retrospective, observational, descriptive, and 
longitudinal study that was registered with the Ethics Committee 
of the Hospital Regional de Alta Especialidad del Bajío CEI-064-
2021. We declare that all methods were carried out in accordance 
with relevant guidelines and regulations and due to the retrospective 
nature of the study the hospital's research ethics committee waived 
the need of obtaining informed consent.

2.1 Population 
The study included 451 cases of women diagnosed with breast 
cancer who were diagnosed and treated during the period from 
2009-2019 and receiving surveillance monitoring in 2021. Of these 
women, the LVEF was studied in 230 (51%).  The economic status 
of the study population corresponded to women living in rural 
areas with a low-to-medium economic level. The information was 
obtained from the electronic registry and hospitalization records 
deriving from the institutional archive. The follow-up of the cases 
was carried out at 5 years with the registry of recurrences. 

From the clinical studies, the values of the leukocytes, monocytes, 
platelets, CA-15-3, and Ki-67 were obtained at diagnosis and at 
the end of the oncological treatments.
The data were organized based on chemotherapy treatment into 
eight groups with treatments with a single compound with and 
multiplex-compound neoadjuvant therapy: Without chemotherapy; 
anthracyclines; Trastuzumab; taxanes, and the combination of 
these.

The group without CT corresponded to patients who, due to 
advanced disease, were only monitored palliatively for pain control; 
therefore, we may not have all of the follow-up information.  

2.2 Percentage with Obesity
The study population was found to be 73% of women with 
overweight and obesity and who were considered a risk factor for 
treatment and chronic diseases [3].

2.3 Percentage of Left Ventricular Ejection Fraction (LVEF) 
The LVEF was performed as a cardiac gamma gram, using a 
radioactive-material (thallium) MultiMate nuclide (MUGA) 
scanner, which was subsequently analyzed by imaging in the heart 
chambers and analysis by Wall Motion Score Index (WMSI). 

The ejection fraction or LVEF is equal to the end-diastolic volume 
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minus the end-systolic volume, divided by the end-diastolic 
volume and multiplied by 100. The normal LVEF ranges from 
53-73%. An LVEF below 53% for women is considered low. An 
LVEF of less than 45% is considered a potential indicator of heart 
problems.

Percentage data were obtained by taking as a basis the initial LVEF 
test prior to any treatment and calculating the percentage value 
in the last LVEF test conducted at the end of treatment. The data 
were considered with reduction, maintenance and/or recovery with 
respect to the baseline.

The six patients who had an LVEF of less than 50% prior to CT 
treatment were eliminated from the post-CT analysis.

From among the study groups, a representative image was taken 
between the study groups at baseline and at the end of the LVEF 
analysis to contrast the changes and/or the maintenance of the 
LVEF. 

The images annex the baseline comparison group and after 
treatment, according to the treatment group. 

2.4 Cardiotoxicity Definition by CT  
Cardiotoxicity was considered as a reduction of ≥10% with respect 
to the baseline LVEF with a lower limit without symptoms of 
damage [5,18].

2.5 Cardiac Risk Factors 
The chronic diseases of the patients were taken into consideration: 
Diabetes mellitus, arterial hypertension, smoking or exposure to 
wood smoke, and the ingestion of alcohol are considered as risk 
factors for manifesting cardiotoxicity in addition to the treatment.       

2.6 Statistics Analysis
The software program used was SPSS version 25 for Windows 

(IBM, Armonk, NY, USA). The information was organized into 
a database to obtain means, minimums and maximums, standard 
deviations of the quantitative variables, and frequencies in the 
qualitative variables. The quantitative variables were analyzed by 
multiple comparison (ANOVA) and the Tukey test; the significant 
difference in the comparisons was p <0.05. Student t two-tailed 
tests and Chi-square tests were applied to qualitative variables 
to assess significance. Linear correlation tests between variables 
were applied, as was the Chi-square test for risk factors. 

3. Results
The data were obtained for assigning the patients into eight groups 
according to the CT applied. Groups 2-4 received one CT treatment, 
and groups 5-8 received more than two CT. By group, the percentage 
distribution of patients in these groups was the following:1) 
Without CT (2%); 2) Anthracyclines (3%); 3) Trastuzumab 
(4%); 4) Taxanes (3%); 5) Anthracyclines+Trastuzumab (2%); 6) 
Trastuzumab+Taxanes (7%); 7) Anthracyclines+Taxanes (36%), 
and 8) Anthracyclines+Trastuzumab+Taxanes (22%). The majority 
of patients were treated with CT of more than two compounds 
(groups 7 and 8) (Table 1). A total of 230 patients had an LVEF 
follow-up. Average age was 57-60 years, which corresponded 
to the CT groups with a single compound (anthracyclines and 
Trastuzumab), while for combined CT, the average age was 
50-54 years. The highest Ki-67 presented in the group without 
treatment, in the patients without treatment, and in patients with 
combined therapy. The comorbilities were Diabetes mellitus, 
arterial hypertension, smoking, and obesity. In these groups, these 
illnesses are manifested at a time of more than 5 years; thus, they 
would not be related as CT effects. However, they are factors that 
could modify the response to CT, in addition to exerting effects 
on the endothelial tissue and on the myocardium in patients with 
breast cancer. The Body mass index (BMI) of overweight and 
obesity was observed in all the study groups.  
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Table 1. Characteristics of patients with breast cancer and cardiovascular risk factors at diagnosis  

Treatments 
chemotherapy 

Age at 
diagnosis 

(years) 

Menopause 
level 

Ki-67 
(%) 

DM 
(years) 

20% 

AHT 
(years) 

28% 

Smoker 
(years) 

22% 

IBM 

1)Without CT 64 3 80 * 15 15 2 32 
2)Anthracyclines 57 3 24 5 3 25 * 34 
3)Trastuzumab 60 3 24 10 14 40 * 29 
4)Taxanes 50 2 35 9 9 25 * 32 
5)Anthracyclines + 
Trastuzumab 

50 * 2 40 13 15 35 * 26 

6)Trastuzumab + 
Taxanes 

54 2 49 * 14 5 32 * 28 

7)Anthracyclines + 
Taxanes 

50 * 2 45 * 5 7 15 * 29 

8)Anthracyclines + 
Trastuzumab + 
Taxanes 

50 * 2 48 * 9 9 22 * 29 

DM = Diabetes mellitus; AHT = Arterial HyperTension. IBM= Index Body Mass; Chi2 p <0.05.  
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combined treatment showing the greatest reduction. The average 
differences in the LFEV at the end of CT are presented in Figure 
1; in the CT of a single compound, the FVEF was positive, with 
statistically significant changes between the groups. 

Additionally, this condition is in contrast with the combined CT 
with negative effect and reductions between 3% and 6% in LVEF 
with significant differences between these groups. The differences 
observed by CT per group concerning the LVEF are depicted in 
Table 3. The single-compound CT, although exhibiting negative 
data regarding the LVEF, represents a one-fourth part of the 
patients with combined CT, with a reduction of around 10% in the 
LVEF in many cases.
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Figure 1. Effect of treatment with anthracyclines, Trastuzumab, and taxanes in women with breast cancer and 
the effect of cardiotoxicity assessed by the LVEF response. In the ANOVA test, there were significant 
differences between single treatments (p = 0.0001) and differences in combination treatments (p = 0.002). 
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Table 3. Negative effect of the anthracycline type and their combinations used in patients with breast cancer 

on the LVEF at the end of treatment.  
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Single FEC FAC AC EC CMF TCH CBP 
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 -11.4 -11.6 -16.9 -13.8  -9.8 -12.9 

FEC = 5-Fluoroucil+ Epirubicin, Cyclophosphamide; FAC = 5-Fluoroucil+Adriamycin+ Cyclophosphamide; 
AC = Adriamycin+ Cyclophosphamide; EC = Epirubicin+Cyclophosphamide; CMF = 
Cyclophosphamide+Methotrexate+5-Fluoroucil; TCH = Trastuzumab+ Cyclophosphamide; CBP = 
Carboplatin. Mean value of LVEF in cases with negative effect. the single treatments subsequently recovered 
the LVEF. 

 
Figure 2. Distribution of patients by breast-cancer type in single-compound CT. Only patients with a 
reduction response in the LVEF. LA = luminal A, LB = luminal B, HER2+ = Human Epidermal Growth 
Factor Receptor 2-positive. NT = Triple-Negative. 
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Table 3: Negative Effect of the Anthracycline Type and their Combinations Used in Patients with Breast Cancer on the LVEF 
at the End of Treatment.
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Figure 2: Distribution of Patients by Breast-Cancer Type in Single-Compound CT. Only Patients with a Reduction Response in the 
LVEF. LA = luminal A, LB = luminal B, HER2+ = Human Epidermal Growth Factor Receptor 2-positive. NT = Triple-Negative.

Figure 2 presents the distribution of patients based on the histological 
type of breast cancer and the CT. The majority groups were the 
following: LA; HER2+, and triple- negative. CT combined with 
anthracyclines+Trastuzumab+taxanes and anthracyclines+taxanes 
explains the reduction of the LVEF by means of their having many 
patients treated with this cancer. 
Regarding the antigen CA 15-3, the baseline value of many 
patients was reduced after CT, except in group 7, where all the 

cases of triple negative and    HER2+ were involved (Figure 2) 
(Table 4). It was observed that the combined CT involves an 
increase in the Lymphocyte/Macrophage Index (L/M) at the end 
of treatment, while the Lymphocyte/Platelet Index (L/P) increased 
at CT, independently of its being the single or combined treatment. 
The data suggest the inflammatory response, above all in the 
combined CT, response not observed in the independent counts of 
lymphocytes, monocytes and platelets. 
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Table 4. Effect of chemotherapeutic treatment with anthracyclines, hormone therapy, and taxanes singly and 
combined in women with breast cancer on cardiotoxicity response, tumor marker, and the 
Lymphocyte/Macrophage Index (L/M). 

Treatments (mg /m2) CA 15-3 
Baseline 
(U/mL) 

CA 15-3 
After 
(U/mL)  

L/M 
Baseline 
Index 

L/M 
After 
Index 

L/P 
Baseline 
Index 

 L/P 
After 
Index 

1)Without CT 10.4 12.6 * 2.30 0.89 26 31* 
2)Anthracyclines 22.0 14.1* 3.33 2.13* 28 41* 
3)Trastuzumab 14.3 13.1 * 3.00 2.83 26 29* 
4)Taxanes 14.0 17.4* 2.23 2.51 27 26 
5)Anthracyclines +Trastuzumab 29.4 7.1 * 2.60 2.76 23 29* 
6)Trastuzumab + Taxanes 32.2 7.1* 2.67 3.37* 25 28* 
7)Anthracyclines + Taxanes 19.0 50.2 * 2.65 3.02 * 25 27* 
8)Anthracyclines+Trastuzumab 
+ Taxanes 

21.3 15.0 * 2.56 3.17 * 24 28* 

CA-15-3 (cancer antigen).  Multivariate ANOVA analysis and Tukey test p <0.05 (*) = statistical significance 
with respect to the individual treatment.  L/M = Lymphocytes/Macrophages; L/P = Lymphocytes/Platelets.  
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In the face of the cardiological affectation caused by CT with 
greater sensitivity in the HER2 type. In Table 5, the distribution 
is presented of HER2+ patients with respect to the baseline of the 
LVEF. These patients had an average age of 52 years, with the 
extreme ages of 23 years and 85 years. It was observed that the 
CT with the greatest effect on the LVEF occurs in the group with 
a baseline of >66 years, where the average LVEF was 63 years, 

with a range of 33-79 years. Nonetheless, lowest survival presents 
in the groups with an LVEF baseline of >55-65 years and of >66 
years.   Contrary to the response demonstrated previously in the 
groups by CT, these patients exhibited a diminution of platelets 
and an increase in Interval  Normalized Ratio (INR) coagulation 
time (Figures 3.a and 3.b), platelet response is dependent on the 
type of cancer and the combined CT, we suppose that the 64% 
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treated patients with RT in addition exerts an influence on the 
platelet count, even when low toxicity is supposed for Modulated-

Emission  Radiotherapy (MERT) with low dispersion to other 
organs, finding a survival of above 65% for this HER2+ group. 
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Table 5. Characteristics of HER2+ breast-cancer patients on the effects of cardiotoxicity following drug 
treatment and radiotherapy 

 LVEF BASELINE (%) 
LVEF Baseline < 55 (n = 11) >55.1 – 65 (n = 75) > 66 (n = 87) 
Age (years) 52 [40 – 68] 51 [30 - 78] 52 [23 - 85] 
LVEF after  66 [54 – 71] 65 [60 – 79] 63 [36 – 79] * 
Recovers LVEF (%) 7 / 11 (63.6) 30 / 75 (40) 6 / 87 (7) 
INR baseline (second) 1.040 0.975 1.001 
INR after (second) 1.142 1.434 1.082 
Anthracyclines (mg/m2) 4,765 

[2,409 – 6,920] 
5,275 

[360 – 16,560] 
5,259 

[480 -10,250] 
Trastuzumab (mg/m2) 7,446 

[5,092 -10,200] 
7,511 

[1,440 -11,621] 
6,897 

[1,800 -22,572] 
Taxanes (mg/m2) 738 

[182 -1,560] 
1,211 

[60 - 32,140] 
758 

[110 – 2,680] 
Radiotherapy cases (%) 7/11 (64) 48/75 (64) 59/87 (68) 
Left breast  6 37 43 
Right breast 3 35 40 
Two-way breast 2 3 4 
Survivors (%) 9/11 (82) 49/75 (65) 57/87 (65) 
 

  
Figure 3.a. Effect of CT in HER2 patients diagnosed 
with breast cancer on platelets at baseline and after CT 
(anthracyclines+ Trastuzumab+taxanes). 

Figure 3.b. Effect of CT in HER2 patients diagnosed 
with breast cancer on INR at baseline and after CT 
(anthracyclines+Trastuzumab+ taxanes) 
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Table 5: Characteristics of HER2+ Breast-Cancer Patients on the Effects of Cardiotoxicity Following Drug Treatment and 
Radiotherapy

Figure 3.a: Effect of CT in HER2 Patients Diagnosed with Breast 
Cancer on Platelets at Baseline and After CT (anthracyclines+ 
Trastuzumab+taxanes).

Figure 3.b: Effect of CT in HER2 Patients Diagnosed 
with Breast Cancer on INR at Baseline and After CT 
(anthracyclines+Trastuzumab+ taxanes)

In Figures 4.a and 4.b. the combined CT 
(anthracyclines+Trastuzumab+taxanes) increase in platelets 
count and monocytes suggests damage at the vascular-wall level, 
which could initiate the platelet attraction repair response process 
plus other cells. In addition, the CT could generate an oxidative 

environment with cellular damage. Under these conditions, 
an increase is observed in the L/M and in the L/P, suggesting 
inflammatory processes and vascular damage in the patients during 
the treatment. 
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Figure 4.a. Effect of CT in patients diagnosed 
with breast cancer on the 
Lymphocyte/Macrophage Index (L/M) at 
baseline and after CT (anthracyclines+ 
Trastuzumab+taxanes). 
 

Figure 4.b. Effect of CT in patients diagnosed 
with breast cancer on the Lymphocyte/Platelet 
Index (L/P) at baseline and after CT 
(anthracyclines+Trastuzumab+ taxanes). 
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Figure 4.a: Effect of CT in Patients Diagnosed with Breast Cancer 
on the Lymphocyte/Macrophage Index (L/M) at Baseline and after 
CT (anthracyclines+ Trastuzumab+taxanes).

Figure 4.b. Effect of CT in Patients Diagnosed with Breast Cancer 
on the Lymphocyte/Platelet Index (L/P) at Baseline and After CT 
(anthracyclines+Trastuzumab+ taxanes).

The multifactorial analysis  (Table 6) revealed that, among 
surviving and deceased patients, the statistical significance on 
comparing CT with a single compound with the combined CT, 
L/M are evident with single treatments in surviving  women 
with single treatments, but in the combined therapies, significant 
differences were observed in the surviving  women as well as in 

those who were deceased, while the L/P was only significant in 
some of the groups with combined therapy. It has been shown that 
the combined CT has a greater effect on the bodily economy of the 
patients, demonstrating that the hematological response and the 
cardiological response are intimately related. 
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Treatments  PLATELETS CA 15-3  L/M 
INDEX 

 L/P 
INDEX 

1)Without CT Live - - 0.015* - 
Dead - - - - 

2)Anthracyclines Live - - 0.020* - 
Dead - - - - 

3)Trastuzumab Live - - 0.020* - 
Dead - - - - 

4)Taxanes Live - - 0.006* - 
Dead - - - - 

5)Anthracyclines + 
Trastuzumab 

Live - 0.004* 0.024* 0.02* 
Dead - - - - 

6)Trastuzumab + Taxanes Live - - 0.017* - 
Dead - - 0.001* 0.04* 

7)Anthracyclines + Taxanes Live 5.76 E-07  0.0018*  
Dead 7.58 E-04 0.003* 0.003* 0.024* 

8) Anthracyclines + 
Trastuzumab + Taxanes 

Live 3.55 E-06 0.010* 0.001* 0.003* 
Dead 5.19 E-04 0.0001* 0.021* - 

(-) data not statistically significant. (*) p <0.05 ANOVA analysis comparison between groups. 

In Figure 5. The baseline image has a small area and represents normal function in contrast to the second 

image at the end of treatment which has a larger area and signifies myocardial damage and reduced left 

ventricular ejection, consistent with the effects that have been shown by type of treatment. 
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C D 

Table 6: Statistical Comparison Between Breast-Cancer Treatment in Survivors vs. Deceased Patients on the Effect On Platelets, 
the CA15-3 Antigen, the L/MI, and the L/PI

In Figure 5. The baseline image has a small area and represents normal function in contrast to the second image at the end of treatment 
which has a larger area and signifies myocardial damage and reduced left ventricular ejection, consistent with the effects that have been 
shown by type of treatment.
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Figure 5: MUGA scan in patients with breast cancer, baseline LVEF and after chemotherapy. ventrículo= ventricle A) LVEF baseline 
(65.1%) and B) LVEF after (64.8%) anthracyclines + trastuzumab; C) LVEF baseline (79.5%) and D) LVEF after (40.9%) trastuzumab 
+taxanes; E) LVEF baseline (62.4%) and F) LVEF after (59.2) anthracyclines + taxanes; G) LVEF baseline (64.7%) and H) LVEF after 
(52%) anthracyclines + trastuzumab + taxanes. The baseline image has a small area and represents normal function in contrast to the 
second image at the end of treatment which has a larger area and signifies myocardial damage and reduced left ventricular ejection.
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4. Discussion
In Mexican women with breast cancer, CT generates 27% of 
cardiotoxicity, nearly three times higher than that reported in 
similar studies with 10% [21]. The data indicate that single-
component CT or its combination depends on the effect of 
inhibition and/or cellular death; the effects on the LVEF have been 
observed as reversible and irreversible, above all in combined 
therapies. We suppose that the comorbility of diseases and 
behaviors such as hypertension and smoking exert an influence on 
the LVEF. Also, the women of the present study presented a BMI 
greater than 26% in 73% of this population, with overweight and 
obesity very close to cardiotoxicity and the presence of diabetes, 
arterial hypertension, and smoking habits of 20%, 28%, and 
22%, respectively, conditions that affect, among other organs, the 
endothelial and cardiac tissue. 

CT-associated cardiotoxicity has been demonstrated during 
treatment; the cases affected are managed for   recovery in the 
LVEF index; however, there is a residual effect in a small group of 
patients with 3% and 6% LVEF, less than those that established by 
the cardiological guides (a reduction of >10% from baseline) for 
its functional-damage classification [2,18]. Not with standing this, 
among the damages due to the disease and to the chronic illnesses, 
the data appear to imply systemic and endovascular damage, 
which contribute to an oxidative environment that is maintained 
during the treatment with CT. Therefore, the conditions of risk and 
cardiological dysfunction will be present, as others have reported 
[22,23]. The oncological–clinical results of the CT of patients with 
breast cancer considers the predisposition to damage in the cardiac 
function, above all in the presence of overweight and obesity; it 
has been demonstrated that the adipose tissue participates in the 
production of estrogens; thus, it is assured that these are factors of 
resistance to the hormone treatment (Anastrozole, Letrozole, and 
Exemestrane) [12,24].   

While CT considers specific criteria of the patients, such as age, 
cancer type, pathological grade, and stage of disease advance, 
among these patients the election of chemotherapeutics and the 
intensity of application will limit the tumor response; however, it is 
important to provide follow- up for other organs, such as renal and 
hepatic function in the processing and elimination of metabolites 
[25]. It is important to consider the aldosterone–angiotensin–renin 
axis that contributes to the control of the arterial pressure and 
vascular integrity, a function that will be affected in patients who 
were from the beginning identified as diabetic and hypertensive; 
this would explain the changes between the baseline LVEF and 
the diminution of the LVEF after treatment in the studied patients, 
with damage to the vascular endothelium and consequently, to the 
cardiological function [22,23,26-28]. 

The cardiotoxicity analyzed as the diminution of the LVEF was 
statistically significant (p<0.001) in all the combined-therapy 
groups, where the greatest reduction occurred in the use of 
anthracyclines+ Trastuzumab (-4.50%) and Trastuzumab+taxanes 

(-4.00%). The use of taxanes in the combined LVEF therapy appears 
not to affect the LVEF, which seems to exert a cardiovascular 
protection effect, as has been suggested in other studies [10,18]. The 
single therapies do not affect the LVEF; this suggests a recovery 
in the cardiac-tissue cells, as has been demonstrated in therapies 
with Trastuzumab, on with drawing these chemicals, or on clinical 
control in the administration of the treatment [14,29,30]. 

It has been demonstrated that CT affects the breast-cancer cells on 
inhibiting the tyrosine kinase and the Vascular Endothelial Growth 
Factor (VEGF), but this also implies undesirable effects. It was 
identified that the activated kinase protein AMP and the platelet-
derived growth factor are elements related with cardiomyocyte 
function; this explains the vascular damage associated with 
pharmaceuticals, which increases the concentration of reactive 
species and the limitation of nitrogen oxide  (NO) in vasodilatation 
and that is influenced by the CT, contributing an increase of the 
systemic post-burden that will drive the cardiological function in 
patients with breast cancer [12,23,31]. The endovascular damage 
observed indirectly with changes involving a decrease platelet 
count in the combined therapies can be implicated in the recovery 
of the LVEF.    

On the other hand, to the calculation of index, the high L/M and L/P 
in the combined CT treatments are expected in high-risk cancer, 
because the hematological system will exhibit a pressure response; 
in addition, the lymphocytes, macrophages, and platelets, under 
this condition, add up to overactivity in patients with overweight 
and obesity, who show a response of the lymphocytes and 
macrophages participating in a chronic low-grade inflammation. 
In this situation, the combined treatments increased with the 
pressure in the hematological response in addition to the damage 
in the LVEF. 

In terms of cardiotoxicity in Mexican women with breast cancer, 
the LVEF demonstrated recovery in a treatment of a single 
compound, while the use of anthracyclines and their combination 
always showed a reduction of the LVEF. It has been reported that 
the anthracyclines provoke irreversible cellular damage during the 
first months, with damage to and the death of the cardiomyocytes. In 
addition, there occurs the accumulation of reactive oxygen species 
(ROS) that harm the cellular membrane. Although the oxidative 
environment is not limited to the heart, due to that the drugs 
demonstrate a systemic distribution, the anthracyclines reach the 
hematological cells, with a response in the L/M and L/P increase, 
explained as the multiorgan inflammatory state [1,8,13,20,32]. 

The toxicity and the hematological malignancy of the 
anthracyclines is limited to women older than 65 years of age, 
as stipulated in the international protocols; therefore, they are 
utilized in younger patients with breast cancer in whom a better 
immunological response is expected, with a lesser effect on their 
physical condition for them to be able to endure the treatment. 
The patients who received combined therapy for the control of the 
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cancer in this study showed that nearly 49% had a reduction of 
the LVEF without recovery, in this manner confirming the damage 
to cardiomyocytes due to the oxidative environment and cellular 
death.

The patients identified as HER2+ and triple-negative treated with 
the combined regimens demonstrated the greatest number of 
cases with LVEF diminution. The patients treated with a single 
compound, such as Trastuzumab and taxanes, were differentiated 
for showing recovery in the LVEF. In the multiple comparison 
tests with statistical significance, age at diagnosis was the most 
important factor (p = 0.014) in the age extremes of 23 years and 
more than 70 years; the final L/M increased in all the groups in 
which anthracyclines were employed (p = 0.000, 0.006, and 
0.0159) with an impact on the reduction of the CA153 antigen.  

The percentage of patients with HER2+ who did not survive 
their baseline LVEF was under 55%, even on their being treated 
with Trastuzumab, the treatment that was expected to provide the 
recovery of their LVEF, this signifying that the baseline function 
exerts an influence on the cardiotoxicity deriving from the CT 
treatment in breast cancer. 

CT combined with anthracyclines affects the cardiomyocytes 
through oxidative stress and cellular death, which are inflammatory 
processes that affect the LVEF, implying the thickening of the 
LVEF area with MUGA images, reflecting a cardiac dysfunction 
(Figure 5).
 
At present, the control of the cancer indicates management 
with iRNA (interference RNA), in terms of their being inserted 
into the proteins that form complexes of control in the synthesis 
of the proteins and enzymes that silence genes linked with the 
development of cancer. The groups advanced in the theme ensure 
and trust in that there will be an impact on a diminution in the 
secondary effects caused by the currently employed drugs [33,34].  

5. Conclusion
The patients administered with breast cancer in CT composed of 
multiple oncological drugs experience a deterioration in the left 
ventricular expulsion function (LVEF) in 27% of patients, and in 
the hematological response, with high L/M and L/P index as the 
indirect response of the inflammatory processes and endovascular 
damage, in Mexican women with breast cancer.

The use of anthracyclines exerts greater damage in the LVEF 
compared with the combination with taxanes and Tratuzumab. In 
contrast with single-compound CT, such as the taxanes, these have 
a lesser cardiotoxicity effect in the LFEV.

The use of Trastuzumab in HER2+ patients does not reveal a 
difference of cardiotoxicity with respect to other histological 
classifications.
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