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Abstract

Cardiotoxicity (CT) is a frequent complication due to the use of anthracyclines (AC) in chemotherapy in various types of cancer. The 
reduction in the systolic shortening fraction (SF) is an echocardiographic parameter that, together with other biochemical values, is 
used to assess the presence of CT. Studies suggest that some genetic variants may be involved in the risk of cardiotoxicity due to the 
use of anthracyclines. Although it has been reported that SF alone cannot be taken as a measurement to definitely assess CT due to 
the use of AC, reports documenting the impact of single nucleotide variant (SNV) on CT risk considering SF as a marker in pediatric 
patients from Latin American countries with cancer, are scarce. This study aimed to evaluate the association between the genotypic 
status of NCF4 rs1883112 and CBR3 rs1056892 SNV with the SF indicative of CT by AC in a group of Mexican children with acute 
lymphoblastic leukemia (ALL). Sixty-nine children (6 to 17 years of age) with ALL were treated at the Centro Estatal de Cancerología 
(CECAN) in Durango-Mexico. The NCF4 and CBR3 genotypes were examined by real-time PCR. Fractional shortening was evaluated as 
a marker of systolic CT due to the use of AC. The homozygous AA genotype of the NCF4 rs1883112 SNV was significantly associated 
with reduced SF by the use of AC (OR = 8.87, 95% CI = 1.8066 to 147.6678, p = 0.01). There was a significant association between 
the dominant homozygous GG genotype of the CBR3 rs1056892 SNV and the reduced SF by the use of AC (OR = 5.33, 95% CI = 
1.4008 to 20.3060, p = 0.01). This pilot study suggests that selected SNV may affect the risk of CT by AC, SF may be a value that, 
together with other parameters such as left ventricular ejection fraction (LVEF) and diastolic filling volume may give a broader 
picture of CT risk in Mexican pediatric patients treated with AC.
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Introduction 

Childhood acute lymphoblastic leukemia (ALL) is the most common pediatric cancer in the world; it is a malignant disease of the white 
blood cells with a multifactorial etiology that involves an interaction of several variables including genetic ones.[1] It is estimated that 
more than 60% of patients diagnosed with ALL are children under 15 years of age, with a higher incidence between 2 - 5 years of age. In 
Mexico, the incidence of pediatric ALL is 44.9/million inhabitants [2,3].

With the treatment regimen currently in use, the cure rate for this disease is 90% [4,5]. The strategy of implementing risk-stratified 
therapy has had very encouraging results, as survival rates for ALL have improved significantly [6-8].

Treatment of pediatric ALL consists of combination chemotherapy regimens that include AC; and doxorubicin (Dox) is one of the most 
widely used AC in cancer treatment [9]. Treatment with Dox is associated with the development of CT in some patients.[10] It is well 
known that anthracyclines such as Dox can cause congestive heart failure (CHF) during or after treatment of childhood ALL; the risk of 
CT is increased with a total cumulative dose and is modified by individual factors, including cancer diagnosis at a younger age, female sex, 
and concomitant radiation to the heart [11,12].

One of the strategies to reduce the risk of cardiotoxicity is the use of cardioprotective drugs. Dexrazoxane (DRZ) has been shown 
to successfully prevent or reduce anthracycline-related cardiotoxicity in children with cancer by acting as a scavenger of metal ions in 
cardiomyocytes, preventing the iron-anthracycline complex from entering the oxidoreduction cycle and forming reactive free radicals [13]. 
Enalapril is another drug that provides temporary cardioprotection against the development of cardiotoxicity when using Dox therapy 
[14,15]. With more childhood cancer survivors now reaching adulthood, it is vital to understand the adverse effects of cancer treatment 
on the cardiovascular system and their long-term consequences to identify and establish optimal prevention and management strategies 
that balance oncologic efficacy with long-term safety; therefore in addition to the use of cardio protectants, one strategy that has aided the 
treatment and clinical assessment of the adverse effects of Dox has been an echocardiographic evaluation [16,17]. Van Dalen E., et al 2006 
[18] wrote one of the most comprehensive review article regarding the echocardiographic assessment of cardiotoxicity in which they 
evaluated twelve protocols that included AC therapy in regards to the minimally required diagnostic tests to assess CT, the parameters and 
definitions of Anthracycline-induced cardiotoxicity. In most of these 12 protocols they used the left ventricular shortening fraction (LSF) 
to evaluate cardiac function. In this sense, several authors agree that a reduction in the value of SF < 29% will be considered a significant 
functional deterioration [19,20].

As mentioned above, several factors may be involved in the development of CT. It has been shown that some genetic SNV of genes that 
participate significantly in the metabolic pathway of Dox, may have a potentiation effect or decrease the probability of presenting CT in 
patients using this antineoplastic agent.

The NCF4 gene is part of a subunit of NAD(P)H oxidase, directly involved in the formation of reactive oxygen species (ROS) in the 
mitochondria, and it has been reported that the rs1883112 SNV is associated with the development of CT [21]. On the other hand, the 
CBR3 gene encodes for the protein carbonyl reductase, it has an important role in the metabolic pathway of Dox since in cardiomyocytes, 
it participates in the synthesis of the metabolite doxorubicinol which is known to be cardiotoxic. The rs1056892 SNV of the CBR3 gene 
has been reported as an enhancer of CT [22].

Although the assessment of SF to evaluate CT by AC relies heavily on the accuracy of the sonographer, several studies have considered 
that it can be a good support that together with other echocardiographic (ECG) [18] values, it can help monitor cardiotoxic effects during 
and after the use of AC. This work aimed to identify the association of the genetic SNV NCF4 rs1883112 and CBR3 rs1056892 with SF 
reduction in pediatric patients with acute lymphoblastic leukemia treated with Dox.
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Material and Methods

Population

This was a longitudinal case-control study where sixty-nine children diagnosed with childhood ALL treated with Dox, from the Pediatric 
Hemato-Oncology Service of Centro Estatal de Cancerología (CECAN) of the Secretary of Health of Durango-Mexico were included. Of the 
69 children included, 12 presented a reduced SF after the application of Dox, these children were assigned to the cases group. A reduction 
in SF ≤ 28% was considered a significant decrease after Dox dosing. Of the 69 children included in this study, fifty six children did not 
present a reduced SF, these children were assigned to the control group.

All patients were diagnosed with ALL according to the criteria of the French-American-British Hematology Association [23]. This 
research was approved by the Research Ethics Committees of the General Hospital of Durango, Mexico, with registration number 516/019, 
in accordance with the Helsinki declaration and the Mexican General Health Law. Each patient was undergoing chemotherapy treatment 
according to the St Jude TOTAL XV protocol [24]. Patients under observation, that is, children who had already completed their drug 
treatment, were also included. All patients’ parents were asked to give written informed consent; in addition, children older than 9 years 
were also asked to give written informed assent.

Cardiotoxicity assessment criteria

All 69 patients diagnosed with ALL underwent an echocardiogram (ECG) to evaluate cardiotoxicity, which was found to be normal 
(SF > 28%) [25] before starting Dox treatment. One month after the first dose of Dox, a second ECG was performed. A third ECG was 
performed four months later, a fourth study eight months later, and a fifth ECG a year and a half after receiving Dox. Subsequently, after 
receiving Dox, a decrease in SF ≤ 28% was considered cardiotoxic due to a reduced SF. 

Evaluation of cardiovascular risk factors in patients

Evaluation of cardiovascular risk factors at the Centro Estatal de Cancerología (CECAN) of Durango, México is currently carried out 
considering arterial hypertension, high cholesterol, overweight and obesity, smoking, physical inactivity, male patients, and age. None of 
the patients considered in this study presented any of the cardiovascular risk factors.

Genotyping

DNA was obtained from whole blood using the “DTAB-CTAB” extraction procedure [26]. Its integrity and purity were determined 
by horizontal 1% agarose gel electrophoresis, staining was performed with Texas Red, and quantification by spectrophotometry on a 
Nanodrop® (Thermo Scientific, USA). NCF4 rs1883112 (C__11521119_1_) and CBR3 rs1056892 (C___9483603_10) SNV were determined 
by real-time polymerase chain reaction (qPCR) using TaqMan technology on a dedicated thermal cycler, Bios® Step One®.

Statistical analysis

Data is presented as means ± standard deviation or proportions. Differences between numerical variables were established with 
Student’s t-test for independent samples (Fisher’s exact test) for categorical variables. Multivariate analysis was performed with a 
correspondence test, using TIBCO Statistica 13.3 software [27]. Genotype frequencies were obtained by direct counting and Hardy-
Weinberg equilibrium (HWE) was calculated by X2 goodness-of-fit statistics; both analyses were performed using SNP stats software 
(http://bioinfo.iconcologia.net/SNPstats) [28]. The association between the SNV and fractional shortening reduction was assessed with 
Odds ratio analysis. Statistical significance was set at p < 0.05 with a 95% confidence interval (CI). PASW Statistics 18.0.0 software was 
used for statistical analysis.
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Results

Table 1 shows the demographic data of children with (cases) and without (controls) SF reduction, statistically significant differences 
were found between children in height (p = 0.04) and BMI (0.04). table 2 shows the genotypic and allelic frequencies of the SNV’S; in the 
case of the NCF4 rs1883112 SNV, there is a statistically significant difference in the WT genotype (p = 0.04), also, there is a difference 
between the G alleles (p = 0.01). In the case of the CBR3 rs1056892 SNV, there is a statistically significant difference in the HM genotype 
(p = 0.02), and HT genotype (p =0.03), additionally, there is a difference between the A alleles (p = 0.01). 

Variables Cases (N = 12) Controls (N = 57) P
Age (years) 11.69 ± 4.3 12.22 ± 4.6     0.4
Sex(F/M) 04/08 22/35

Weight (kg) 34.4 ± 8.8 36.7 ± 7.6 0.3
Height (cm) 144.7 ± 24.7 126.8 ± 22.3 0.04
BMI (kg/m2) 17.1 ± 3.3 20.4 ± 2.2 0.04

Table 1: Comparison of demographics of children with acute lymphoblastic leukemia with and without systolic fractional shortening. 
T Student t-test.

                  Patients with ALL (n=69)  

NCF4

rs1883112

Genotype                               

WT (GG)

HT (GA)

HM(AA)

Alleles

Major allele (G)

Minor allele (A)

Cases n (%)

01 (8.33%)

04 (33.33%)

07 (58.31%)

06 (25.00%)

18 (75.00%)

Controls n (%)

28 (49.12%)

17 (29.81%)

12 (21.04%)

73 (64.03%)

41 (35.97%)

  p*

0.04

0.07

0.5

0.01

0.08

CBR3

rs1056892

Genotype

WT (GG)

HT (AG)

HM(AA)

Alleles

Major allele (G)

Minor allele (A)

06 (50.00%)

03 (25.00%)

03 (25.00%)

15 (62.50%)

09 (37.50%)

09 (15.78%)

23 (40.34%)

25 (43.85%)

41 (35.97%)

73 (64.03%)

0.1

0.03

0.02

0.07

0.01

Table 2: Genotypic and allelic frequencies of NCF4 rs1883112 and CBR3 rs1056892 SNV‘S in  
patients with and without systolic shortening fractional. 

*Fisher´s exact test.
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Graph 1 shows the association between the variables of age, sex, weight, height, BMI, and genetic SNV with the patients who presented 
SF reduction using Dox by a multivariate analysis, in which a significant association was obtained (x2 = 328.189, p = 0.0001). The 
association between the variables and the patients who had a reduction in SF is shown, it can be observed that the variables that had the 
greatest association were: Height (Relative Inertia: 0.19844), NCF4 rs1883112 SNV (Relative Inertia: 0.18984), BMI (Relative Inertia: 
0.10541) and CBR3 rs1056892 SNV (Relative Inertia: 0.09547).

Graph 1: Two-dimensional graph showing the association between cases (patients with  
fractional shortening reduction). (        ), as well as the 7 variables (      ).

Regarding Hardy Weinberg Equilibrium (HWE), we found that the NCF4 rs1883112 SNV is in disequilibrium, while the CBR3 rs1056892 
SNV are in HWE.

Table 3 shows the crude analysis of allelic status by inheritance models, which shows that the rs1883112 SNV of the NCF4 gene was 
significantly associated with reduced SF, shown through a homozygous AA in the codominant model (OR 8.87; 95% CI 1.8066 to 147.6678, 
p = 0.0171). 

Inheritance models of the 

ALL patients with and without systolic fractional shortening (n = 69).

NCF4

rs1883112

Codominant Model

WT (GG)

HT  (GA)

HM (AA)

Yes(n=12)

01

04

07

No(n=57)

28

17

12

OR

1

6.2882

8.8700

IC

0.6788 to 63.9427

1.8066 to 147.6678

P

0.1040

   0.0171

                            
Dominant Model

WT (GG)

HT (GA) +HM(AA)

01

11

28

29
0.0942 0.0114 to 0.7782 0.0283
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Additive Model

WT (GG)+HM(AA) 

HT (GA)

08

04

40

17
0.8500 0.2253 to 3.2063 0.8104

Major allele (G)

Minor allele (A)

06

18

73

41
0.1872 0.0689 to 0.5089 0.0010

Minor allele (A)

Major allele (G)

18

06

41

73
3.7330 1.6982 to 8.2059 0.0010

Recessive Model

HM(AA)

WT(GG) + HT (GA)

07

05

12

45
  5.2500

1.4130 to 19.5059
   0.0171

Codominant Model

WT (GG)

HT  (AG)

HM(AA)

06

03

03

09

23

25

1

0.1957

   0.1800

0.0401 to 0.9554

0.0370 to 0.8752

0.0438

0.0333

CBR3

rs1056892

Dominant Model

WT (GG)

HT (AG) + HM (AA)

06

06

09

48
5.3333 1.4008 to 20.3060  0.0141

Additive Model

WT (GG) + HT (AG)

HM (AA)

09

03

32

25
2.3438 0.5736 to 9.5760 0.2356

Major allele (G)

Minor allele (A)

15

09

41

73
2.9675 1.1937 to 7.3769 0.0192

Minor allele (A)

Major allele (G)

09

15

73

41
  0.3370 0.1356 to 0.8377  0.0192

Recessive Model

HM (AA)

WT(GG) + HT (AG)

03

09

25

32
0.4267 0.1044 to 1.7433   0.2356

Table 3: Association by inheritance models of NCF4 rs1883112, CBR3 rs1056892   
SNV‘S in children with ALL with systolic fractional shortening. 

*Odds ratio test.
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The dominant model shows us that homozygous GG has a protective effect of the SF reduction (OR 0.0942; 95% CI 0.0114 to 0.7782, 
p = 0.02). The major allele (G) was associated with the protection against SF reduction (OR 0.1872; 95% CI 0.0689 to 0.5089, p = 0.001), 
while the minor allele (A) was associated with the risk of SF reduction (OR 3.73; 95% CI 1.6982 to 8.2059, p = 0.001). Finally, the recessive 
model shows the risk effect of reduced SF through the homozygous AA (OR 5.25; 95% CI 1.4130 to 19.5059, p = 0.01).

For CBR3 rs1056892 SNV, the genotype WT codominant model (OR 5.33; 95% CI 1.4008 to 20.3060, p = 0.01) was associated with the 
risk of SF reduction by Dox use. The minor allele (A) was associated with protection against the risk of reduced SF (OR 0.3370; 95% CI 
0.1356 to 0.8377, p = 0.01), while the major allele (G) was associated with the risk of reduced SF by Dox use (OR 2.9675; 95% CI 1.1937 
to 7.3769, p = 0.01). 

Table 4 shows the degree of SF reduction of the patients who presented reduced SF, the temporal distribution of the SF findings, as 
well as the cumulative and total doses of Dox. We can observe that the “Vigilance” stage was where the highest number of cases of patients 
presented a SF reduction occurred (7 patients). Similarly, SF grade 1 was the one with the highest number of patients, since 10 of the 12 
who presented SF reduction were grade 1.

Number 
of pa-

tients with  
systolic 

fractional 
shortening 

/ Sex

Classification of systolic fractional shorten-
ing according to the severity Temporal Distribution

[Dox]
final accu-

mulated

  Body 
Surface

 m2

[Dox]
total

Grade 1 tox-
icity 

Shortening 
fraction: 
24% ≤ SF 

<30%

Grade 2 toxic-
ity (Moderate 
to severe car-
diotoxicity)
Shortening 

fraction: 15% 
≤ SF <24%

  Grade 3 toxic-
ity (Symptom-
atic congestive 
heart failure)

Shortening 
fraction: < 

15% 

Induc-
tion After rein-

duction
Vigi-
lance

1 /F X X 230 mg/m2 1.15 264mg
2 /M X X 230 mg/m2 0.91 209mg
9 /M X X 230 mg/m2 0.99 228mg
10/M X X 230mg/m2 1.49 343mg
11/F X X 150 mg/m2 1.32 198mg
13/F X X 150 mg/m2 1.46 219mg
15/M X X 230 mg/m2 1.27 292mg
21/M X X 230 mg/m2 0.91 209mg
22/M X X 230 mg/m2 1.13 260mg
38/M X X 230 mg/m2 1.31 301mg
46/F X X 230 mg/m2 0.96 221mg
57/M X X 230 mg/m2 1.21 278mg

Table 4: Temporal distribution of systolic fractional shortening findings and Dox dose in patients with ALL.
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A multivariate analysis was performed using “TIBCO Statistica 13.3.0”28 software using a correspondence model (Graph 2). The 
results show that among the variables taken into account in the temporal distribution of the findings in patients with SF reduction, those 
with the greatest association were: Grade 1 toxicity fractional shortening (relative inertia: 0.1265), Vigilance (relative inertia: 0.069444), 
and total [Dox] (≥ 220mg) (relative inertia: 0.055556).

Graph 2: Temporal distribution of findings in patients with reduced fractional shortening.

Finally, we found a significant association between patients with reduced FS and the CBR3 rs1056892 SNV at the vigilance stage (OR = 
6.133 CI: 1.3353 to 65.3291 p = 0.03). In addition, we found a significant association between total [Dox] ((≥ 220 mg) and the AA genotype 
of the NCF4 rs1883112 SNV (OR: 4.448, CI: 1.3353 to 35.3291, p = 0.04).

Discussion 

The use of AC such as Dox is limited due to the development of cardiotoxicity, which depends on various factors such as dose, age, 
height, sex, and genetic SNV´S. In 2006 van Dalen, E., et al [18] published an extensive review of guidelines for monitoring CT during AC 
treatment in children and the monitoring recommendations used in European pediatric oncology trials. Six of the 12 guidelines reviewed 
mark SF (≤ 28%) as a parameter for monitoring CT. On the other hand, Steinherz., et al. [20] recommended that a drop in SF by an absolute 
value of ≥ 10 percentile units or SF < 29% after the use of AC will be considered a significant deterioration of cardiac systolic function. In 
Mexico, SF has been reported as an indicative marker of cardiotoxicity due to the use of AC [29].

In the meta-analysis performed by Leong SL, Chaiyakunapruk N and Lee SW [30] the association between genetic markers and 
cardiotoxicity by AC considering the reduction of SF as one of the parameters to evaluate it, through a literature search until May 2016 
they examined 84 genes and 147 SNV, they reported that three variants significantly increased the risk of CT by AC, these were; ABCC2 
rs8187710, CYBA rs4673, and RAC2 rs13058338. One of the genes studied by this group was included in our study, thus, we found that 

Genotype Analysis of Single Nucleotide Variant in NCF4 and CBR3 Genes Associated with Reduced Systolic Fractional 
Shortening in Pediatric Patients with Acute Lymphoblastic Leukemia Treated with Doxorubicin

21



Citation: Ismael Lares-Asseff., et al. “Genotype Analysis of Single Nucleotide Variant in NCF4 and CBR3 Genes Associated with Reduced 
Systolic Fractional Shortening in Pediatric Patients with Acute Lymphoblastic Leukemia Treated with Doxorubicin”. EC Pharmacology and 
Toxicology 10.8 (2022): 14-25.

the homozygous GG in the dominant model of the rs1056892 SNV of the CBR3 gene was associated with reduced SF due to the use of Dox. 
It is important to note that the minor allele (A) of this gene was associated with protection to SF reduction while the major allele (G) was 
associated with risk of SF reduction, for this, it is necessary to have two copies of the mutated allele of this gene to possess a true risk to 
have SF reduction by Dox use. Although the NCF4 gene is not included in the study, we have studied the contribution of the rs1883112 
SNV of this gene, due to its importance in the metabolic pathway of Dox, this gene showed a significant association as a risk factor in the 
reduction of SF by Dox in the homozygous AA of the codominant model, However, the heterozygous G/A genotype also shows a risk effect 
to the reduction of SF by the use of Dox, this is because the minor allele (A) of this gene alone has a risk effect, in such a way that a single 
copy of this allele confers a risk to have a reduction of SF by the use of Dox.

As we have mentioned, several factors can influence Dox metabolism that can end up causing CT. In our study, we found that of the 
different variables studied (SNV’S, age, height, sex, weight, and BMI), height and BMI are among the first three with the greatest association 
with the reduction of SF. This is interesting since in the work reported by Hanley, M., and collaborators in 2010 [31] they mention that 
anthropometric measures of people significantly modify the pharmacokinetics of drugs, in our work we have found significant differences 
between the height of cases and controls, however, although our study patients do not fall into malnutrition evaluated by BMI (probably 
because they are on treatment with steroids [32,33] we did find that cases (patients with reduced SF after receiving Dox) had lower BMI 
than controls with a statistically significant difference. This lower BMI in cases may contribute to reduced SF as mentioned by Batte, A., et 
al. in 2017 [34] in whose study found that underweight, thinness, delayed growth and development, and malnutrition were more frequent 
among children with cardiovascular disease.

Corremans R., et al. [38] emphasizes that a high cumulative dose of anthracycline is a well-recognized risk factor for cardiac damage, 
mentioning that other risk factors include an extreme range of age (> 65 or < 4 years), diabetes, previous mediastinal radiotherapy, 
hypertension, concomitant treatments, and the presence of heart disease, continuous rather than dichotomous variables, which makes 
it difficult to quantify the risk of any patient. In our study, we found that the variables of height, NCF4 rs1883112 SNV, BMI, and CBR3 
rs1056892 SNV are associated with patients who developed reduced SF due to Dox use.

On the other hand, in our work, we have explored the temporal distribution of the findings of systolic fractional shortening and Dox 
dose in patients with ALL. For this reason, Kocabaş A., et al. [35] evaluated early-onset chronic progressive cardiotoxicity in the left and 
right ventricles with increasing cumulative doses of anthracycline; they analyzed diastolic and systolic parameters and compared them 
with the controls, although the myocardial performance index increased significantly in both segments, abnormalities in right ventricular 
diastolic function and left ventricular systolic function were observed even with a cumulative dose of anthracycline < 120 mg/m2. Bansal 
N, Amdani SM., et al. [37] revealed in their work that there is no “safe” dose of anthracyclines. This is consistent with what we found when 
performing multivariate analysis since we observed that the variable of total dose concentration ≥ 220 mg is one of the three that has the 
greatest association with the reduction in systolic fractional shortening.

In contrast to a study reported by Wojonowsky., et al. in 2005[36] in which they examined acute and chronic Dox toxicity for three 
years, in our study ECG follow-up was performed for a year and a half and we observed that of the 12 patients who had reduced SF, 7 
were in the observation stage, and 5 had reduced SF after reinduction. This is interesting because this result shows the importance of 
cardiological follow-up of patients who have completed treatment with AC.

Conclusion

In the clinical practice, we can point out that the results obtained show, through inheritance models, the impact of the NCF4 rs1883112 
and CBR3 rs1056892 SNV’S in the reduction of FS due to the use of Dox. In the case of the NCF4 gene SNV, a single copy of the A allele 
confers a risk of having a reduction in FS from Dox use.
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It is worth highlighting the importance of inheritance models, which evaluate the effect of gene variation on the risk or protection of 
the FS reduction caused by the use of anthracyclines.
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The variables that presented the greatest association are: Height (Relative inertia: 0.19844), NCF4 rs1883112 SNV (Relative inertia: 
0.18984), BMI (Relative inertia: 0.10541) and CBR3 rs1056892 SNV (Relative inertia: 0.09547).

A multivariate analysis using a correspondence model is shown, where the importance of each variable with the association of the 
systolic shortening fraction is evident, the first 3 variables in order of importance were; Toxicity grade 1 Fractional shortening (relative 
inertia: 0.1265), Vigilance (Relative inertia: 0.069444) and total [Dox] (≥ 220mg) (Relative inertia: 0.055556).

Bibliography

1. Greaves Mel. “A causal mechanism for childhood acute lymphoblastic leukaemia”. Nature Reviews Cancer 18.8 (2018): 471-484. 

2. Pérez-Saldivar María Luisa., et al. “Childhood acute leukemias are frequent in Mexico City: descriptive epidemiology”. BMC Cancer 
11.355 (2011).

3. Verduzco-Rodriguez L and Verduzco-Aguirre HC. “Prevalence of high-risk acute lymphoblastic leukemia (ALL) in Mexico, a possible 
explanation for outcome disparities. Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubiran”. American Journal Clinical 
Oncology 36.15 (2018): e22501-e22501.

4. Rivera-Luna R., et al. “El niño de población abierta con cáncer en México. Consideraciones epidemiológicas”. Annals of Medicine 60.2 
(2005): 91-97.

5. Ruiz-Argüelles Guillermo José. “Advances in the diagnosis and treatment of acute and chronic leukemia in Mexico”. Salud Publica de 
Mexico 58.2 (2016): 291-295. 

Genotype Analysis of Single Nucleotide Variant in NCF4 and CBR3 Genes Associated with Reduced Systolic Fractional 
Shortening in Pediatric Patients with Acute Lymphoblastic Leukemia Treated with Doxorubicin

23

https://pubmed.ncbi.nlm.nih.gov/29784935/
https://pubmed.ncbi.nlm.nih.gov/21846410/
https://pubmed.ncbi.nlm.nih.gov/21846410/
https://meetinglibrary.asco.org/record/162743
https://meetinglibrary.asco.org/record/162743
https://meetinglibrary.asco.org/record/162743
https://www.medigraphic.com/pdfs/abc/bc-2015/bc152c.pdf
https://www.medigraphic.com/pdfs/abc/bc-2015/bc152c.pdf
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0036-36342016000200291
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0036-36342016000200291


Citation: Ismael Lares-Asseff., et al. “Genotype Analysis of Single Nucleotide Variant in NCF4 and CBR3 Genes Associated with Reduced 
Systolic Fractional Shortening in Pediatric Patients with Acute Lymphoblastic Leukemia Treated with Doxorubicin”. EC Pharmacology and 
Toxicology 10.8 (2022): 14-25.

6. Rodriguez L., et al. “Observaciones sobre la incidencia de leucemias agudas en el noreste de México”. Revista de Hematologia 11.2 
(2011): 78-81.

7. Frost Adaani E., et al. “Risk-stratified outcomes with initial combination therapy in pulmonary arterial hypertension: Application of 
the REVEAL risk score”. The Journal of Heart and Lung Transplantation: the Official Publication of the International Society for Heart 
Transplantation 37.12 (2018): 1410-1417. 

8. Muwakkit Samar., et al. “Implementation of an intensive risk-stratified treatment protocol for children and adolescents with acute 
lymphoblastic leukemia in Lebanon”. American Journal of Hematology 87.7 (2012): 678-683. 

9. Martins-Teixeira., et al. “Antitumour Anthracyclines: Progress and Perspectives”. Journal of Medicinal Chemistry 15.11 (2020): 933-
948. 

10. Velásquez CA., et al. “Chemotherapy-induced cardiotoxicity from molecular bases to clinical perspective”. Revista Colombiana de 
Cardiologia 23.2 (2016): 104-112.

11. Hutchins Kelley K., et al. “Prevention of cardiotoxicity among survivors of childhood cancer”. British Journal of Clinical Pharmacology 
83.3 (2017): 455-465. 

12. Lipshultz Steven E. “Letter by Lipshultz Regarding Article, “Anthracycline Cardiotoxicity: Worrisome Enough to Have You Quaking?”. 
Circulation Research 122.7 (2018): e62-e63. 

13. Padegimas Allison., et al. “Cardioprotective strategies to prevent breast cancer therapy-induced cardiotoxicity”. Trends in Cardiovas-
cular Medicine 30.1 (2020): 22-28. 

14. Kang Minkyoung., et al. “Cardioprotective effect of early dexrazoxane use in anthracycline treated pediatric patients”. Journal of Che-
motherapy 24.5 (2012): 292-296. 

15. Franco Vivian I and Steven E Lipshultz. “Cardiac complications in childhood cancer survivors treated with anthracyclines”. Cardiology 
in the Young 25.2 (2015): 107-116. 

16. Moudgil Rohit., et al. “Evolution of echocardiography in subclinical detection of cancer therapy-related cardiac dysfunction”. Echocar-
diography 35.6 (2018): 860-868. 

17. Fulbright Joy M. “Review of cardiotoxicity in pediatric cancer patients: during and after therapy”. Cardiology Research and Practice 
(2011): 942090. 

18. Van Dalen Elvira C., et al. “Anthracycline-induced cardiotoxicity: comparison of recommendations for monitoring cardiac function 
during therapy in paediatric oncology trials”. European Journal of Cancer 42.18 (2006): 3199-3205. 

19. Altena Renske., et al. “Cardiovascular toxicity caused by cancer treatment: strategies for early detection”. The Lancet Oncology 10.4 
(2009): 391-399. 

20. Steinherz LJ., et al. “Guidelines for cardiac monitoring of children during and after anthracycline therapy: report of the Cardiology 
Committee of the Childrens Cancer Study Group”. Pediatrics 89.5-1 (1992): 942-999.

21. Ray Paul D., et al. “Reactive oxygen species (ROS) homeostasis and redox regulation in cellular signaling”. Cellular Signalling 24.5 
(2012): 981-990. 

22. Cappetta Donato., et al. “Oxidative Stress and Cellular Response to Doxorubicin: A Common Factor in the Complex Milieu of Anthra-
cycline Cardiotoxicity”. Oxidative Medicine and Cellular Longevity (2017): 1521020. 

Genotype Analysis of Single Nucleotide Variant in NCF4 and CBR3 Genes Associated with Reduced Systolic Fractional 
Shortening in Pediatric Patients with Acute Lymphoblastic Leukemia Treated with Doxorubicin

24

https://www.medigraphic.com/cgi-bin/new/resumen.cgi?IDARTICULO=36250
https://www.medigraphic.com/cgi-bin/new/resumen.cgi?IDARTICULO=36250
https://pubmed.ncbi.nlm.nih.gov/30209017/
https://pubmed.ncbi.nlm.nih.gov/30209017/
https://pubmed.ncbi.nlm.nih.gov/30209017/
https://pubmed.ncbi.nlm.nih.gov/22565284/
https://pubmed.ncbi.nlm.nih.gov/22565284/
https://www.researchgate.net/publication/340815257_Antitumour_Anthracyclines_Progress_and_Perspectives
https://www.researchgate.net/publication/340815257_Antitumour_Anthracyclines_Progress_and_Perspectives
http://www.scielo.org.co/scielo.php?script=sci_abstract&pid=S0120-56332016000200006
http://www.scielo.org.co/scielo.php?script=sci_abstract&pid=S0120-56332016000200006
https://pubmed.ncbi.nlm.nih.gov/27591829/
https://pubmed.ncbi.nlm.nih.gov/27591829/
https://pubmed.ncbi.nlm.nih.gov/29599279/
https://pubmed.ncbi.nlm.nih.gov/29599279/
https://pubmed.ncbi.nlm.nih.gov/30745071/
https://pubmed.ncbi.nlm.nih.gov/30745071/
https://pubmed.ncbi.nlm.nih.gov/23182049/
https://pubmed.ncbi.nlm.nih.gov/23182049/
https://pubmed.ncbi.nlm.nih.gov/26377717/
https://pubmed.ncbi.nlm.nih.gov/26377717/
https://pubmed.ncbi.nlm.nih.gov/29749652/
https://pubmed.ncbi.nlm.nih.gov/29749652/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3102324/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3102324/
https://pubmed.ncbi.nlm.nih.gov/17011186/
https://pubmed.ncbi.nlm.nih.gov/17011186/
https://pubmed.ncbi.nlm.nih.gov/19341970/
https://pubmed.ncbi.nlm.nih.gov/19341970/
https://pubmed.ncbi.nlm.nih.gov/1579408/
https://pubmed.ncbi.nlm.nih.gov/1579408/
https://pubmed.ncbi.nlm.nih.gov/22286106/
https://pubmed.ncbi.nlm.nih.gov/22286106/
https://pubmed.ncbi.nlm.nih.gov/29181122/
https://pubmed.ncbi.nlm.nih.gov/29181122/


Citation: Ismael Lares-Asseff., et al. “Genotype Analysis of Single Nucleotide Variant in NCF4 and CBR3 Genes Associated with Reduced 
Systolic Fractional Shortening in Pediatric Patients with Acute Lymphoblastic Leukemia Treated with Doxorubicin”. EC Pharmacology and 
Toxicology 10.8 (2022): 14-25.

23. Bennett JM., et al. “Proposals for the classification of the acute leukaemias. French-American-British (FAB) co-operative group”. Brit-
ish Journal of Haematology 33.4 (1976): 451-458. 

24. Pui CH., et al. “Long-term results of St Jude Total Therapy Studies 11, 12, 13A, 13B, and 14 for childhood acute lymphoblastic leuke-
mia”. Leukemia 24.2 (2010): 371-382. 

25. Tissot Cécile., et al. “Echocardiographic Evaluation of Ventricular Function-For the Neonatologist and Pediatric Intensivist”. Frontiers 
in Pediatrics 6.79 (2018). 

26. Gustincich S., et al. “A fast method for high-quality genomic DNA extraction from whole human blood”. BioTechniques 11.3 (1991): 
298-300.

27. Solé Xavier., et al. “SNPStats: a web tool for the analysis of association studies”. Bioinformatics 22.15 (2006): 1928-1929. 

28. Navarrete-Rodríguez EM., et al. “Role of echocardiogram in children with cancer”. Boletín Médico del Hospital Infantil de México 70.2 
(2013): 133-137.

29. Leong Siew Lian., et al. “Candidate Gene Association Studies of Anthracycline-induced Cardiotoxicity: A Systematic Review and Meta-
analysis”. Scientific Reports 7.139 (2017). 

30. Hanley Michael J., et al. “Effect of obesity on the pharmacokinetics of drugs in humans”. Clinical Pharmacokinetics 49.2 (2010): 71-87. 

31. Speerhas R. “Drug metabolism in malnutrition and obesity: clinical concerns”. Cleveland Clinic Journal of Medicine 62. (1995): 73-75. 

32. Brill Margreke JE., et al. “Impact of obesity on drug metabolism and elimination in adults and children”. Clinical Pharmacokinetics 
51.5 (2012): 277-304. 

33. Batte Anthony., et al. “Wasting, underweight and stunting among children with congenital heart disease presenting at Mulago hospi-
tal, Uganda”. BMC Pediatrics 17.1 (2017). 

34. Kocabaş Abdullah., et al. “Assessment of early-onset chronic progressive anthracycline cardiotoxicity in children: different response 
patterns of right and left ventricles”. Pediatric Cardiology 35.1 (2014): 82-88. 

35. Wojnowski Leszek., et al. “NAD(P)H oxidase and multidrug resistance protein genetic polymorphisms are associated with doxorubi-
cin-induced cardiotoxicity”. Circulation 112.24 (2005): 3754-3762. 

36. Armenian Saro H., et al. “Cardiovascular Disease in Survivors of Childhood Cancer: Insights Into Epidemiology, Pathophysiology, and 
Prevention”. Journal of Clinical Oncology: Official Journal of the American Society of Clinical Oncology 36.21 (2018): 2135-2144. 

37. Corremans Raphaëlle., et al. “Update on pathophysiology and preventive strategies of anthracycline-induced cardiotoxicity”. Clinical 
and Experimental Pharmacology and Physiology 46.3 (2019): 204-215. 

Volume 10 Issue 8 August 2022
© All rights reserved by Ismael Lares-Asseff., et al.

Genotype Analysis of Single Nucleotide Variant in NCF4 and CBR3 Genes Associated with Reduced Systolic Fractional 
Shortening in Pediatric Patients with Acute Lymphoblastic Leukemia Treated with Doxorubicin

25

https://pubmed.ncbi.nlm.nih.gov/188440/
https://pubmed.ncbi.nlm.nih.gov/188440/
https://pubmed.ncbi.nlm.nih.gov/20010620/
https://pubmed.ncbi.nlm.nih.gov/20010620/
https://pubmed.ncbi.nlm.nih.gov/29670871/
https://pubmed.ncbi.nlm.nih.gov/29670871/
https://pubmed.ncbi.nlm.nih.gov/1931026/
https://pubmed.ncbi.nlm.nih.gov/1931026/
https://pubmed.ncbi.nlm.nih.gov/16720584/
https://www.medigraphic.com/cgi-bin/new/resumenI.cgi?IDARTICULO=41586
https://www.medigraphic.com/cgi-bin/new/resumenI.cgi?IDARTICULO=41586
https://pubmed.ncbi.nlm.nih.gov/28232737/
https://pubmed.ncbi.nlm.nih.gov/28232737/
https://pubmed.ncbi.nlm.nih.gov/21417960/
https://pubmed.ncbi.nlm.nih.gov/7859407/
https://pubmed.ncbi.nlm.nih.gov/22448619/
https://pubmed.ncbi.nlm.nih.gov/22448619/
https://pubmed.ncbi.nlm.nih.gov/28077108/
https://pubmed.ncbi.nlm.nih.gov/28077108/
https://pubmed.ncbi.nlm.nih.gov/23821296/
https://pubmed.ncbi.nlm.nih.gov/23821296/
https://pubmed.ncbi.nlm.nih.gov/16330681/
https://pubmed.ncbi.nlm.nih.gov/16330681/
https://pubmed.ncbi.nlm.nih.gov/29874141/
https://pubmed.ncbi.nlm.nih.gov/29874141/
https://pubmed.ncbi.nlm.nih.gov/30244497/
https://pubmed.ncbi.nlm.nih.gov/30244497/

	_Hlk94558572
	_Hlk51181965
	_Hlk86060589
	_Hlk51319990

