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Abstract: Methotrexate is an antimetabolic agent with proliferative and immunosuppressive activity. It has been

demonstrated to be an effective treatment for acute lymphoblastic leukemia (ALL) in children. However, there

is evidence of an association between methotrexate and toxicity risks, which influences the personalization of

treatment, particularly in the case of childhood ALL. This article presents the development and implementation of

an algorithm based on artificial neural networks to detect methotrexate toxicity in pediatric patients with acute

lymphoblastic leukemia. The algorithm utilizes historical clinical and laboratory data, with an effectiveness of

99% in the tests performed with the patients dataset. The use of neural networks in medicine is often linked to

disease diagnosis systems. However, neural networks are not only capable of recognizing examples, but also

hold very important information. For this reason, one of the main areas of application of neural networks is the

interpretation of medical data. In this article we diagnose with the application of neural networks in medicine

with a concrete example: Detecting Methotrexate in Pediatric Patient in its early stages.

Keywords: methotrexate; artificial neural networks; acute lymphoblastic leukemia (ALL); detection system

1. Introduction

Acute Lymphoblastic Leukemia (ALL), is the most frequent cancer on children under 15 years
old, with a high incidence between 2 and 5 years. The treatment for this disease has made important
progress, which is why the concept of being mortal had changed, now is considered curable. The
methotrexate is an important component on the treatment protocols of these patients. It has been
proposed that the function of enzymes and transporters involved in the pathway of MTX, may be
altered by genetic polymorphisms substantially influence the kinetics and response to therapy with
high dose of MTX.

High-dose methotrexate (HD-MTX) plays an significant part in the therapy of acute lymphoblastic
leukaemia (ALL) in many treatment procedures around the world. However, there is a large variability
in the pharmacokinetics and toxicity of the drug. [1] Polymorphisms in the MTX pathway genes
influence the kinetics and response to high-dose MTX therapy in childhood ALL.

Acute leukemias are the most common group of cancer in children; where acute lymphoblastic
leukemia (ALL) represents the 80 %. Although the etiology is uncertain, there are predisposing factors;
as genetic, viral and environmental factors. The clinical manifestations in occasions are produced by
the existence of malignant cells in the bone marrow; such as anemia, thrombocytopenia and leukopenia
[1].
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The diagnosis is made by morphological, cytogenetic and molecular analysis of the bone marrow
aspirate. The treatment takes an average of two years. The expectation of cure for children with ALL
has improved exponentially thanks to new drugs and in recent years to a treatment adapted to the risk
of patients. Currently, the percentage of cure of patients with ALL is 75 % [2].

Many studies have been carried out on methotrexate and its application in the treatment of ALL:
the researchers of [3] investigated the influence of the polymorphisms C677T and A1298C on the
gene of methylenetetrahydrofolate reductase (MTHFR) on the toxicity induced by MTX during the
treatment of children with ALL.

Performing a regression analysis in patients with ALL, it was found that the ALL subtype was
the strongest predictor of MTXPG accumulation, which shows that the genetic variation acquired in
the ALL cells themselves had a stronger influence on the accumulation of MTXPG [4]. Children with
ALL who received high doses of MTX in tests, multiple common polymorphisms in SLCO1B1 were
associated with MTX clearance [5–7].

Authors on [8–10] found that variants of the SLC19A1, SLC22A8, MTR and MTHFD1 genes were
shown to be associated with the development of acute toxicity after HD-MTX treatment.

Results on [11–13] show evidence for the contribution pharmacogenetics to the toxicity of high-
dose MTX and plasma MTX concentrations 48 hours after treatment in patients with ALL or non-
Hodgkin lymphoma. The influence of MTHFR C677T on MTX-related toxicities and plasma levels
were confirmed.

Authors on [14,15] found that the TT genotype of the MTHFR gene is associated with an increase
in MTX toxicity and the relapse rate. They consider the dose adjustment of MTX in the treatment
protocols, depending on the genotype of the patient.

The studies on [16] identified that the 677TT genotype of the MTHFR gene is associated with
decreased clearance of MTX and that genetic polymorphisms in the folate pathway and SLC19A1 were
associated with MTX toxicity.

Five variants in four genes (MTHFR, ABCB1, ABCC2, and TYMS) were shown to be associated
with toxicity, they also found a statistically significant association between MTHFR rs1801133 and
anemia, in the consolidation phase [17].

By investigating key genes involved in the MTX pathway, authors on [18] detect genetic poly-
morphisms associated with MTX pharmacokinetics, toxicity, and outcome. The strongest association
was observed between the SLCO1B1 rs4149056 SNP and MTX pharmacokinetic parameters such as,
clearance C24h, and AUC0−48h.

The aim of the study on [19] was to analyze the influence of genetic polymorphisms in RFC1
(reduced folate carrier), MS (methionine synthase) and MTRR (methionine synthase reductase) on the
occurrence of adverse effects from MTX therapy, such as hematological disorders, hepatotoxicity and
nephrotoxicity. Polymorphisms in genes coding drug-metabolizing enzymes may cause individual
differences in the effectiveness and toxicity of many medications including cytostatics.

In ALL [20], too many stem cells become a type of white blood cell called lymphocyte. These
lymphocytes are also called lymphoblasts or leukemic cells. There are three types of lymphocytes:
1) B lymphocytes: produce antibodies to help fight infections, 2) Lymphocytes: T Help B lymphocytes
generate antibodies that help fight infection. 3) Natural aggressor cells: attack cancer cells or viruses.

The factors that increase the risk of contracting a disease is called a risk factor. Having a risk
factor does not mean that you are going to get cancer; And not having a risk factor does not mean that
you are not going to get cancer. Possible risk factors for ALL include the following aspects :Having a
brother with leukemia, Being exposed to X-rays before birth, Being exposed to radiation, Having had
previous treatment with chemotherapy or other medications that weaken the immune system, Having
certain genetic disorders such as Down syndrome, The possible signs of childhood ALL include fever
and bruising [21].

MTX is antimetabolic that has anti-proliferative and immunosuppressive activity by competitively
inhibiting the enzyme di-hydrofolate reductase (DFR), a key enzyme in the metabolism of folic acid
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that regulates the amount of intracellular folate available for the synthesis of proteins and acids. nucleic
It prevents the formation of tetrahydrofolate necessary for the synthesis of nucleic acids. It catalyzes the
reduction of 5,10 methylene tetrahydrofolate to 5 methyl tetrahydrofolate, a form in which endogenous
folate circulates, which is the donor of methyl groups necessary for the conversion of homocysteine to
methionine during protein synthesis. This mainly affects cells that are in the phase of the cell cycle [1].

Mucositis is caused by the rapid proliferation of epithelial cells, causing the oropharynx and
gastrointestinal tract to be particularly vulnerable to treatment with MTX. The combination of inten-
sive chemotherapy and radiotherapy increases the damage of this drug to the level of the mucous
membranes. Many factors are involved in the pathophysiology of mucositis, beginning with damage
to connective tissue and blood vessels in the submucosa. This is followed by the release of proinflam-
matory cytokines and reactive oxygen species that exacerbate vascular damage and turn the process
into a vicious circle that leads to tissue destruction. Bacterial colonization of ulcers increases tissue
damage by the inflammation that is generated to control the infection.

MTX poisoning can be avoided in the following way: it should not be administered in patients
with renal, hepatic or both deficiency; also those with a pleural effusion or ascites, to avoid plasma
concentrations of MTX, these being of predictive value for such toxicity. In addition to constant
monitoring to reverse the undesirable effects of the medication.

The article is organized as follows: Section 2 describes the methodology used for the development
of the project, in turn it is divided into subsections that describe the Identification of the problem, the
determination of the necessary requirements, the needs analysis, the design of the system, as well as
the development and documentation. Section 3 describes the results obtained from the design and
training of the proposed neural network, and is also divided into subsections that present the graphical
interface for data recording, the methotrexate validation neural network, as well as the performance
results. In Section 4, the discussion to the research project is addressed. Finally, Section 5 presents the
conclusions of the work.

2. Methodology

This section present the used methodology for the project development, the analysis is based on
the Kendall System Analysis and Design which proposes seven phases, which for our analysis are
presented on Figure 1. The seven phases will be described below.

Figure 1. Proposed Methodology based on Kendall’s Life Cycle Management.
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2.1. Problem Identification

In order to understand the problem´s cause, an analysis through the Ishikawa Diagram (Figure
2), in which the possible causes of Methotrexate Toxicity Manifestation in Patients with ALL are
determined.

Figure 2. Ishikawa Diagram for Methotrexate Toxicity Manifestation in ALL Patients.

2.2. Determine Necessary Requirements

The needs and requirements of the system are determined these were provided by personal of
the Regional Center of high specialty of the Hospital of Pediatric Specialties of Tuxtla Gutiérrez. A
list of the required patient information is presented; Table 1 shows the sociodemographic data of the
patient admitted to the pediatric hospital, Table 2 presents the subjective clinical data that oncologists
use to determine the presence of ALL in patients, at last Table 3 shows the objective clinical data that
allows to determine the presence of ALL, as well as the manifestation of symptoms for Methotrexate
intoxication.

Table 1. Sociodemographic Data of the Patient.

No. 1 2 3 4 5 6 7 8 9 10

File 21864 22097 22443 18940 18941 20544 20508 21302 20455 21057
Entry Date 15/08/2014 23/09/2014 03/11/2014 11/07/2013 20/06/2013 17/02/2014 17/02/2014 04/06/2014 11/02/2014 18/05/2014
Exit Date 28/08/2014 29/10/2014 06/11/2014 11/08/2013 29/06/2013 20/03/2014 18/03/2014 09/07/2014 24/03/2014 01/06/2014

Date of Birth 24/01/2010 26/02/2009 04/11/2009 30/12/2011 05/10/2011 14/09/2011 21/12/2011 1/08/2011 27/06/2010 27/01/2010
Today/Date 02/09/2017 02/09/2017 02/09/2017 02/09/2017 02/09/2017 02/09/2017 02/09/2017 02/09/2017 02/09/2017 02/09/2017

Age 7 8 7 5 5 5 5 6 7 7
Gender M F F F M M M M F M

Last name FR RL GL GL AL PG SP SG AL PM
Names AG SD D E JH NR IL S SS AE

Child Number 1 4 1 1 6 2 1 1 5 2
Municipality T M O B M C C O C T

Father’s Occupation Driver Farmer Farmer Farmer Farmer Employee security guard Employee Mechanic Merchant
Mother’s Occupation Housewife Deceased Housewife Housewife Farmer Housewife Housewife Housewife Merchant Merchant

Total Number of children 7 2 1 5 2 2 1 5 2 2

Table 2. Subject Clinical of the Patient.

Subjective Clinical Data

Age of the Father Age of the Mother Fever Bleeding Cephalea or Paleness or Cor Anemic Abdominal pain and hypere-osinophilia Bone pain or increase in volume Weight (Kg)
31 31 Yes Yes Yes No No 14
24 19 Yes No Yes No No 17.5
55 46 Yes Yes Yes No No 18
31 31 Yes Yes Yes No No 9.5
30 22 Yes No No No Yes 9.5
27 23 Yes No Yes No No 11
20 20 Yes No No No Yes 11.5
43 36 Yes Yes Yes No Yes 10.6
34 28% Yes No Yes No No 9
43 40 Yes No Yes No No 16

Table 3. Clinical Data that determine MTX toxicity.

Clinical Data that determine Symptoms of Acuate Lymphoblastic Leukemia

Waterlow Index (weigth) 74% 102% 107% 90% 90% 87% 100% 100% 98% 97%
Weigth Percentile (WHO) 1.65 (-) DE 0.73 (-) DE 0.08 (-) DE 0.70 (-) DE 1.57 (-) DE 1.57 (-) DE 0.77 (-) DE 2.15 (-) DE 3.26 (-) DE 0.47 (-) DE
Size (cm) 111.4 115 95 79 80 90 85 79.7 75 104
Waterlow Index (size) 104% 102% 95% 98% 94% 99% 96% 85% 75% 98%
Percentile (size) WHO 0.96 (+) DE 0.46 (+) DE 0.94 (-) DE 0.72 (-) DE 1.70 (-) DE 0.46 (-) DE 1.19 (-) DE 4.0 (-) DE 6.1 (-) DE 0.33 (-) DE
Sup. Corp. (F. simplified) 0.61 0.72 0.72 0.45 0.45 0.5 0.52 0.49 0.43 0.67
Sup. Corp Haycock 0.65 0.74 0.73 0.46 0.46 0.52 0.53 0.49 0.44 0.68
IMC 11.28 12.85 16.33 15.2 14.8 13.5 15.9 16.66 16 14.7
IMC [22] P 1 P 10 P 70 P 13 P 7 P 5 P 35 P 66 P 51 P 28
Nutritional index (Shukla) 77% 89% 103% 87% 88% 85% 96% 91% 79% 96%
Weigth length-size relationship (WHO 06-07) 3.1 (-) DE 1.68 (-) DE 0.75 (-) DE 0.5 (-) DE 1.13 (-) DE 1.9 (-) DE 0.22 (-) DE 0.07 (-) DE 0.38 (-) DE 0.38 (-) DE
Nutritional Assessment Moderate malnutrition Mild malnutrition Eutrophic Mild malnutrition Mild malnutrition Moderate malnutrition Eutrophic Eutrophic Moderate malnutrition Eutrophic
Max. temp. first 24 hours 36.7 37.9 37.1 36.6 38.5 38.5 38.5 38 37.5 38
Adenomegaly No No Inguinal Inguinal Inguinal, axillary Cervical, Ingunal Cervicals Retroauricular; Cervicals Retroauricular; Cervicals Cervicals
Hepatomegaly Yes No Yes Yes Yes Yes Yes Yes Yes Yes
Splenomegaly Yes Yes Yes Yes Yes Yes Yes No Yes Yes
Hemorrhagic manifestations Gingivorrhagia Gingivorrhagia Epistaxis Wet purple No No No Petechia No No
Infection at admission Si Si No No Si Si Si No No No
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2.3. Necessities Analysis

On this phase the recollected information was concentrated, for analysis. In order to realize
the design and training of the network, it was necessary to separate the data that possess specific
information. A normalization method was used for all the collected data (Tables 1,2,3) to design and
train the Neuronal Network. Table 4 presents the data used: the “Clinical Data Objectives” since to
determine the presence of each type of symptomatology, a laboratory study was necessary. Figure 3
shows the graphs of the patients’ behavior, depending on the amount and the gravity of the symptoms
presented.

Figure 3. Normalized Clinical Data Objectives.

Table 4. Normalized Clinical Data Objectives.

Patient Number 1 2 3 4 5 6 7 8
Waterlow Index (weight) 0.22222222 0.00306306 0.32132132 0.27027027 0.27027027 0.26126126 0.3003003 0.3003003
Weight Percentile (WHO) -0.125 -0.05530303 -0.00606061 -0.0530303 -0.11893939 -0.11893939 -0.05833333 -0.16287879
Size (cm) 0.68765432 0.70987654 0.64814815 0.48765432 0.49382716 0.55555556 0.52469136 0.49197531
Waterlow Index (size) 0.80620155 0.79069767 0.73643411 0.75968992 0.72868217 0.76744186 0.74418605 0.65891473
Percentile (size) WHO 0.11566265 0.05542169 -0.11325301 -0.08674699 -0.20481928 -0.05542169 -0.14337349 -0.48192771
Sup.Corp (F.simplicada) 0.37888199 0.44720497 0.44720497 0.27950311 0.27950311 0.31055901 0.32298137 0.30434783
Sup.Corp Haycock 0.41139241 0.46835443 0.46202532 0.29113924 0.29113924 0.32911392 0.33544304 0.31012658
IMC 0.18989899 0.21632997 0.27491582 0.25589226 0.24915825 0.22727273 0.26767677 0.27946128
IMC (Fernandez, 2011) 0.01010101 0.1010101 0.70707071 0.13131313 0.07070707 0.05050505 0.35353535 0.66666667
Nutritional index (Shukla) 0.39487179 0.45641026 0.52820513 0.44615385 0.45128205 0.43589744 0.49230769 0.46666667
Weight-length-size relationship (WHO 06-07) -0.37214886 -0.20168067 0.09003601 -0.06002401 -0.13565426 -0.22809124 -0.02641056 0.00840336
Nutritional Assessment 1 1 1 1 1 0.5 1 1
Max. temp. first 24 hours 0.9175 0.9475 0.9275 0.915 0.9625 0.9625 0.9625 0.95
Adenomegaly 0 0 1 1 1 1 1 1
Hepatomegaly 1 0 1 1 1 1 1 1
Splenomegaly 1 1 1 1 1 1 1 0
Hemorrhagic manifestations 1 1 1 1 0 0 0 1
Infection at admission 1 1 0 0 1 1 1 0

2.4. System Design

To collect the personal and clinical data of patients, see Figure 3, admitted to the Tuxtla Gutiérrez
Pediatric Hospital, a movil application was designed.

The diagram presented in Figure 4 shows the different patient data recollected, which are: patient’s
registry, clinical data, family data, nutritional values, location of infections, blood analysis and the
morphological classification and risk factor of the patient’s ALL.
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Patient Data

Patient Registry


First Name Middle Name Last Name

Birthdate Age

Address State

Diagnosis

Clinical Data



File Number Admission Date

Evolution Time Stay Days Week

Phase Risk Group Service

Treating Doctor

Family Data



Child Number Total Number of Children

Father’s occupation Mother’s occupation Religion

USO_LE Med_Embarazo Rx_Embarazo CA_Familia

Familial_Lymphoma_Leukemia Consanguinity

Age of Mother Age of Father

Infections SX_Down Other Genopathies

Nutritional Assessment



Severe Malnutrition Moderate Malnutrition

Mild Malnutrition

Eutrophic Overweight Obesity

Temperature_Income Adenomegalias_Ingreso

Hepatomegaly_Ingress Splenomegaly_Ingress

Hemorrhage_Income Infections_Income

Location of Infections



None


Digestive Pulmonary

Skin Renal_Urinary

Otic Pharynx

Dental_Valuation Cardi Valuation

HB_inicial Leukocytes_initials

Hyperleukocytosis

Blood Test



total_neutrophils



greater than 2000

1900 to 1500

1400 to 1000

900 to 500

less than 500

Total_Lymphocytes Blasts_Percentage
Initial_Platelets_1 Initial_PCR

Morphology Classification of LLA



HLA_DR_Immunophenotype Myeloid Marker

Translocations DNA Index

Immunophenotypic Classification
{

PROB PREB

Classification
{

L1 L2 L3

Karyotype
{

Abnormal Normal

LLA Risk Classification

{
Low risk Habitual Risk
High risk Very High Risk

Steroid type

{
Prednisone

Dexamethasone

TX Window Steroid VAR00017

Figure 4. Patient Data.
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Figure 5 depicts the implemented neural architecture, the network comprises 25 neurons in the
initial hidden layer (input layer), 15 and 10 neurons in the subsequent hidden layers, and a single
neuron in the output layer (result of data processing). For data collection, we developed a Graphic
interface was developed in order to collect the patient data, and train the network, this interface is
shown on Figure 6.
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Figure 5. BackPropagation Neural Network Design.

2.5. Development and Documentation

With the patient characteristics, it is possible to know their ALL condition, as well as diagnose
the risk of poisoning due to the supply of methotrexate according to the criteria established by the
World Health Organization (WHO), and in this case provide a safe alternative for diagnosing ALL; in
which traditional methods have not had the desired results. For the Diagnostic System, a Graphical
User Interface (GUIDE) programmed in Matlab is used and shown in Figure 6.

Figure 6. Intelligent Diagnosis in pediatric patients with acute lymphoblastic leukemia to predict
intoxication by methotrexate.

3. Results

This section presents the results of the design and training of the proposed neural network, as
well as the tests performed on the graphical interface for the registration of the patient’s personal and
clinical data. The analysis of the tests is also presented.

3.1. Graphical Interface for Data Registration

The graphic user interface, developed in Matlab GUIDE (Figure 6), is divided into four sections.
In the first section, the data received is displayed. In the second section, the user can select either the
option for the diagnosis of ALL or the option for the diagnosis of intoxication. The third section shows
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both the data received and the training data. Finally, the fourth section presents the training of the
neural network and provides the option to exit the system. It is crucial to highlight that the graphical
user interface (GUI) receives the data transmitted by a website and stored in an Excel file.

3.2. Neuronal Methotrexate Validation Network

The previously described BackPropagation Neural Network design comprises 10 input data, four
hidden layers of 25, 15, 10 and 1 neurons, respectively (Figure 5). Once the network had been designed,
the mean square error was calculated in order to evaluate its performance. A portion of the neural
network training code, which was designed in accordance with the aforementioned specifications, is
presented herein:

1. t=xlsread(’baseDatosRnafinal.xlsx’,’Hoja8’,’A3:BG1’);
2. msgbox("Data has been loaded correctly");
3. net=newff(minmax(p),[25,15,10,1], ’logsig’,’tansig’,’tansig’,’purelin’,’trainlm’);
4. net.trainparam.show=10;
5. net.trainparam.lr=0.05;
6. net.trainparam.epochs=50;
7. net.trainparam.goal=1e-5;
8. net=train(net,p,t);
9. net=init(net);

10. net, tr=train(net,p,t);
11. a=sim(net,p);

The mean square error was reduced to 3.10x10−11 after 38 iterations, indicating that the propaga-
tion error was effectively eliminated with each iteration. Please refer to Figure 1 for further details.
Figures 7, 8 and 9 present the mean square error, the learning curve, and the linear regression curve,
respectively. The latter indicates the amount of data that moves away from the input data. All data are
included in the line of linear regression, indicating that no data loss occurs during the training process.

Figure 7. Mean Square Error.
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Figure 8. Gradient learning curves and neural network validation.

Figure 9. Linear Regression Graphic.

3.3. Performance Results

Acute lymphoblastic leukemia (ALL) is a disease that primarily affects children under the age
of 15. In this study, a graphical user interface (GUI) was developed to collect data from the patient
and his or her family environment, providing a comprehensive view of the patient. The design and
implementation of artificial neural network algorithms with supervised training enabled the determi-
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nation of the levels of toxicity associated with the administration of methotrexate in patients with acute
lymphoblastic leukemia at the Hospital de Alta Especialidad Pediátrica del Estado de Chiapas. In
addition, statistical patterns established by the World Health Organization and criteria defined by hos-
pital medical specialists were used. The resulting data are presented in Figure 10. This allowed for an
accurate evaluation of symptoms according to the morphological and risk classification of the disease
in each patient. This classification will allow physicians to make decisions regarding necessary safety
measures during the first 48 hours following methotrexate administration, which promises to signifi-
cantly improve treatment follow-up, prevent common complications such as mucositis, and ultimately
contribute to increasing patients’ life expectancy. The ability to accurately identify methotrexate levels
in patients using this tool can also reduce the costs associated with treatment monitoring by optimizing
the management of medical resources and minimizing the need for unnecessary interventions.

Figure 10. The graph depicts the results generated by the neural network in the processing of the
pediatric patient data sheet.

4. Discussion

It is possible to create a graphical user interface for data collection of patients under 15 years, this
allows to have a complete picture of the current situation of the patient

The development and training of the neural network that contains the information of hospital
admissions of the patients, as well as their family data, which allows to determine the toxicity levels in
the methotrexate supply, in patients with ALL less than 15 years old as observed in the Learning Curve
of Figure 7, with statistical patterns help World Health Organization or by the doctors themselves.
The patient A difference in the pathophysiology of MTX neurotoxicity that is complex, because by
inhibiting DFR it increases adenosine and homocysteine. Adenosine dilates cerebral blood vessels,
delays the release of neurotransmitters in the pre-synaptic junctions, modifies the response after the
synaptic and slows the neuronal discharges manifested by headache, anorexia, vomiting, nausea,
arterial hypertension, poisonous, vertigo, aphasia , agitation, lethargy, seizures, sensory depression,
and coma. This neurotoxicity is usually associated with an MTX-induced neurotoxicity or renal failure
that leads to a poor like this sample as show by [22].

5. Conclusions

Acute lymphoblastic leukemia is a conditions suffered by children under 15 years old, which
treatment has presented substantial progress, to improve the life of children suffering from this disease
.
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It was possible to design a graphical user interface to collect patients data and family to have a
complete vision of the patient’s current situation.

The development and training of the neuronal network allow determining the levels of toxicity by
Methotrexate supply in patients with ALL with the help of statistical patterns established by the World
Health Organization or by the physicians themselves, allowing access to the symptoms characteristics
depending on the morphological and risk classification of the ALL suffered by the patient.

Once this classification is available, it will help the doctor decide the safety measures that must be
taken within of the first 48 hours after Methotrexate supply.

This development will help improve the treatment monitoring and prevent frequent complications
such as mucositis, as well as increase the life expectancy of patients. It will help reduce costs in the
treatment follow-up by identifying the levels of methotrexate in patients.
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Abbreviations

The following abbreviations are used in this manuscript:

ALL Acute Lymphoblastic Leukemia
MTX Methotrexate
HD-MTX High-dose methotrexate
C677T polymorphisms
A129C polymorphisms
MTHFR methylenetetrahydrofolate reductase
MTXPG methotrexate polyglutamates
SLCO1B1, SLC19A1, SLC22A8 and MTHFD1 genes were shown to be associated with the

development of acute toxicity after
HD-MTX treatment

MTHFR C677T common changes of MTHFR
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MTHFR, ABCB1, ABCC2, and TYMS variants in four genes (MTHFR, ABCB1, ABCC2, and
TYMS) were shown to be associated with toxicity,
they also found a statistically significant association
between MTHFR rs1801133 and anemia,
in the consolidation phase

MTHFR rs1801133 Frequency of the c677t polymorphism
SLCO1B1 rs4149056 polymorphisms
C24h, AUC48h MTX pharmacokinetic parameters
RFC1 Reduce Folate Carrier
MTRR Methionine Synthase Reductase
DFR Enzyme di-hydrofolate reductase
ANN Artificial Neural Network
Matlab GUIDE Matlab Graphical User Interface
GUIDE Graphical User Interface
WHO World Health Organization (WHO)
GUI Graphical User Interface
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