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Abstract 

Background 
Methotrexate is a chemotherapy drug used in high doses to treat malignancies that can lead to 
serious liver damage, especially cirrhosis in a dose-dependent manner. We aimed to evaluate the 

hepatic complications, 10 years after treating children with hematologic malignancies by high-dose 
Methotrexate regimen.  

Materials and Methods: In a descriptive-analytical study, all children with hematologic malignancies 

who received high-dose methotrexate for treating cancer and who were hospitalized in Tabriz 
Children’s Hospital, Tabriz, Iran, from 2008 to 2009 were included. Demographic data were extracted 
from medical records. Liver enzyme tests, ultrasonography, as well as a Doppler ultrasound of the 
portal vein were performed for all participants in the Tabriz Children’s Hospital. Data were analyzed 
using descriptive statistics. The Chi-Square test was used to examine the relationship between 
variables using SPSS software version 22.0.  

Results: Out of 30 patients, 18 cases (60%) were boys and 23 (76.67%) of patients had Acute 

Lymphoblastic Leukemia. ALT, Total BILL, and Direct BILL levels were increased by 13.33%, 
13.33%, and 10% of cases, respectively. AST, PT, and PTT levels were normal in all patients. The 

liver and spleen spans were larger than normal in 26.67% and 40% of cases, respectively and 5 
patients (16.67%) had grade 1 fatty liver. Port vein diameter was normal in all patients. 

Conclusion 

Based on the results of the study, it is possible to consider the long-term safety of high dose 
Methotrexate in terms of the development of severe liver disease following treating malignancies in 
children. However, patient follow-up is recommended to identify complications for years after 
discontinuing treatment. 
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1- INTRODUCTION 

       The liver is one of the most important 

body organs, performing important and 

vital functions (1). Liver cirrhosis is 

among important damage caused by the 

fibrosis and necrotic inflammation of the 

liver (2). Drug-Induced Liver Injury 

(DILI) is one of the important causes of 

liver damage, and methotrexate (MTX) is 

among the important drugs causing dose-

dependent DILI (3, 4). MTX is a 

chemotherapeutic drug acting as an anti-

folate metabolite mainly used in treating 

malignancies such as acute lymphoblastic 

leukemia (ALL). It also has an essential 

role in the treatment of autoimmune 

diseases such as psoriasis, rheumatoid 

arthritis, and Crohn's disease (5-7). 

Chemotherapy regimens containing MTX 

are divided into 3 groups as high-dose 

(HD), intermediate-dose (ID), and low-

dose (LD). The first (i.e. HD-MTX) 

regimen is generally used to treat and 
control malignancies (8-10).  

Among pediatric malignancies, ALL and 

lymphoma are the most common 

neoplasms. Children with these 

malignancies are treated with MTX. 

Today, the elevation of liver 

aminotransferases is a well-known side 

effect of MTX (8, 9, 11). In fact, the main 

concern about this drug is related to its 

effects in inducing histopathological 

changes such as fibrosis, and cirrhosis in 

the liver (6, 12). Generally, liver 

complications have been reported in 10% 

of MTX consumers (3). Symptoms range 

from a variety of mild manifestations such 

as an increase of liver aminotransferases in 

the blood to severe and fatal events such as 

cirrhosis and fibrosis (3). The risk factors 

exaggerating MTX-induced hepatotoxicity 

include a history of alcohol consumption, 

chronic hepatitis B and C infections, a 

family history of liver diseases, diabetes 

mellitus, and a history of exposure to 

hepatotoxic drugs and chemicals (6, 13). In 

the study of Bath et al., advanced fibrosis 

or cirrhosis was observed in 5% of patients 

who either received low dose MTX for a 

long period or carried one or more of the 

above-mentioned risk factors (6). 

Evaluation of long-term liver damages in 

patients receiving MTX helps to 

characterize drug-induced side effects, 

choose more appropriate and faster 

diagnostic and therapeutic modalities for 

these patients. Given the importance of the 

issue, we conducted this study to evaluate 

the hepatic complications of MTX in 

children with malignancy, admitted to the 

Tabriz Children's Hospital for children 10 
years after treatment. 

2- MATERIALS AND METHODS 

2-1. Study design and population 

     Hepatic complications were evaluated 

10 years after treating children with 

hematologic malignancies by HD-MTX 

regimen (doses ≥500 mg/m2) for 6 
months. This study was performed on 

Azeri Turks, who are members of one of 

the largest ethnic groups in Iran (14). 

2-2. Methods 

In a descriptive-analytical study, the 

patients hospitalized during years 2008 to 

2009 were reviewed using the census 

method. Variables included age, sex, 

ultrasound of liver and bile ducts, and 

Doppler ultrasound of portal vein, the level 

of AST, ALT, PT, PTT, Total Bilirubin, 

and Direct Bilirubin. The demographic 

information was collected from medical 

records, patients or their parents, through 

interviews. 

2-3. Measuring 

Liver function tests, liver and bile duct 

ultrasonography, and Doppler vein port 

ultrasound were performed after 

explaining the objectives of the study, the 

safety of the methods used, and obtaining 

written informed consent from parents. For 

all patients, liver tests and ultrasounds 

were performed in a laboratory and a 
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radiology center in the Tabriz Children's 

Hospital, respectively. 

2-4. Intervention 

The intervention included blood sampling 

and performing trans-abdominal 

ultrasound. 

2-5. Ethical consideration 

The present study has been approved by 

the University Ethics Committee with the 

code IR.TBZMED.REC.2019.620. 

Participation in this study began after 

obtaining permission from patients or their 

families. The information of all patients 

was studied and saved in a confidential 

and coded manner. No additional costs 

were collected from patients for the 

examinations. All costs were provided by 

the project manager and with the support 

of the Vice Chancellor for Research, 

Tabriz University of Medical Sciences, 

Iran.  
2-6. Inclusion and exclusion criteria 

Inclusion criteria include: 1) patients who 

were hospitalized during years 2008 to 

2009, 2) in Tabriz 

Children's Hospital, Tabriz University of 

Medical Sciences, Iran, which is a training, 

treatment, and referral hospital in the 

northwest of Iran, 3) patients in the age 

range of 20-30 years 4) children with 

hematologic malignancies, 5) children 

under HD-MTX regimen (doses ≥500 
mg/m2) for 6 months 6) accessibility to 

patients or tendency to participate.  

Exclusion criteria include:  1) 

inaccessibility to the patient, 2) incomplete 

records, 3) death of patient during the last 

ten years, 4) dissatisfaction of parents to 

participate in the study, 5) use of other 

hepatotoxic drugs, 6) the presence of 

known liver disease, or chronic hepatitis B 
or C. 

2-7. Data Analyses  

Descriptive data were analyzed based on 

frequency and percentage, and quantitative 

data were based on mean, standard 

deviation, median, minimum and 

maximum using SPSS software version 

22.0. The Chi-Square test was used to 

examine the relationship between 

variables. P-value <0.05 was considered 

statistically significant difference. 
Improved Kolmogorov-Smirnov test for 

normality was used. 

3- RESULTS 

3-1. General Characteristics 

      In the current study, 30 patients were 

examined. The demographic 

characteristics and sonography results of 

liver, spleen and bile ducts are shown in 

Table.1. In addition, a minimal or mild 

increase in the echogenicity of the liver 

parenchyma was observed in 5 children 

(16.67%) as grade 1 fatty liver, and the 

mean port vein flow rate increased in 3 

cases (10%). The gallbladder, intra-

hepatic, and extra-hepatic bile ducts were 

normal in all patients. There was no 

evidence of thrombosis in the portal. The 

hepatofugal and hepatopetal blood flow 

was normal in all patients. None of the 

patients had collateral vessels in the 

paraembolic and epigastric regions and in 

the splenic vein. 
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Table-1: Demographic characteristics and sonography results of liver, spleen and bile ducts in 
children with HD-MTX regimen. 

 Variables 

 Interventional Group Control Group 

Test 
P- 

value 
Number (%) or  

Mean (SD) 

Number (%) or  

Mean (SD) 

Gender  

X2=0.453 

 

0.501 Male 20 (46.5%) 23 (53.4%) 

Female 20 (54%) 17 (46%) 

Age  

 
X2=4.119 

 

 
0.249 

3 years 18 (64.2%) 10 (35.8%) 

4 years 9 (37.5%) 15 (62.5%) 

5 years 8 (50%) 8 (50%) 

6 years 5 (41.6%) 7 (58.4%) 

Weight 14.40±1.676 14.02±1.625 t=-1.016 0.313 

Time of venipuncture 4.92+1.071 4.70+0.966 t=-0.986 0.327 

SD: standard deviation. 

3-2. Relationship between liver serum 

markers and sonography findings in 
terms of gender and type of malignancy  

None of the serum or sonography findings 

showed a significant difference according 

to the patients' gender or diagnosis, 

including between gender and ALT 

(P=0.6), Bill Total (P=0.6), Bill Direct 

(P=0.3), Liver span (P=0.8), Liver 

echogenicity (P=0.3), Spleen span 

(P=0.8), and Port vein blood flow velocity 

(P=0.3); and between type of malignancy 

and ALT (P=0.2), Bill Total (P=0.2), Bill 

Direct (P=0.3), Liver span (P=0.8), Liver 

echogenicity (P=0.1), Spleen span 

(P=0.4), and Port vein blood flow velocity 

(P=0.3), (Table.2). 
 

 

Table 2: Relationship between liver serum markers and liver ultrasound in terms of gender and type 
of malignancy in children with HD-MTX regimen. 

  Variable  Mean (standard deviation)    Independent t-test         P- value 

Control group 7.95 (1.084) 17.505 0.001 

Interventional group  2.65 (1.577) 

 

3. Relationship between sonography 

findings 

Patients with grade 1 fatty liver had a 

higher liver size, although this difference 

was not significant, including between 

Liver echogenicity and Liver span 

(P=0.06), Spleen span (P=0.3), and Portal 

Vein Blood Flow (P=0.4), (Table.3). 

 

Table-3: Relationship between liver and spleen span and Portal Vein Blood Flow with liver 
echogenicity in children with HD-MTX regimen. 

Variable 
Control group 

Number (%) 

Interventional group 

Number (%) 

P- value 

Low (0-3) 0 31 (77.5%)  

0.001 Average  (4-7) 11 (30%) 9 (22.5%) 

High (8-10) 29 (70%) 0 

 

4- DISCUSSION 

       In this study, 10 years after treating 

children with hematologic malignancies by 

HD-MTX regimen, hepatic complications 

were evaluated in 30 patients. Based on 

literature research, there are no 

comprehensive previous studies on the 

long-term (i.e. years after treatment) side 
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effects of HD-MTX in children with 

malignancy, and most studies have been 

conducted on adult populations. In the 

current study, the serum levels of ALT, 

total bilirubin and direct bilirubin were 

elevated in 13%, 13%, and 10% of 

patients, respectively. In terms of the 

ultrasound findings of gallbladder and 

intra and extra hepatic bile ducts, liver and 

spleen span showed abnormally large 

appearance in 26.6% and 40%, 

respectively, and the average portal vein 

flow rate increased in 10% of cases. Liver 

parenchyma echogenicity increased 

slightly and homogeneously in 16.6% of 

cases, demonstrating the evidence of grade 

I fatty liver. There were no relationships 

between serum changes or sonography 

findings and gender or the type of 

malignancy. In patients with grade 1 fatty 

liver, liver size showed an increase, but 

this was statistically insignificant.   

In the study of Mashhadi et al., 102 

patients with lymphoma and sarcoma and a 

mean age of 19.5 years, there were no 

elevations in PT and BILL while AST and 

ALT increased in 46.9% of patients after 

HD-MTX treatment. However, the 

elevated enzymes normalized after 6 

months (15). In the study of Perez et al., 

AST fluctuation was the most common 

finding after MTX treatment, and there 

was a significant relationship between 

MTX dose and increase in AST level. The 

elevation of AST following MTX injection 

was transient and returned to normal in all 

patients within 1-2 weeks (16). Hegyi et 

al., in their study, reported a significant 

and dose-dependent hepatotoxicity for 

MTX after 24 and 48 hours, but there was 

no relationship between hepatotoxicity and 

age. On the other hand, liver enzymes 

decreased after 48 hours (17). 

Accordingly, short-term elevation in liver 

enzymes, especially AST and ALT, can be 

seen after MTX treatment; however, most 

of these studies have been conducted on 

adults. In a study by Laharie et al., 44 

(8.5%) out of 518 patients showed 

evidence of severe liver fibrosis on 

FibroScan or FibroTest, suggesting that 

severe liver fibrosis can be a rare 

complication of MTX. This phenomenon 

was not associated with the net dose of the 

drug, but it was directly related to other 

factors such as alcohol abuse and obesity 

(18). In another study by Lindsay et al., on 

54 patients with a mean age of 54 years 

and a mean duration of MTX treatment of 

6.9 years (an average cumulative dose of 

4396 mg), 64.8% had normal biopsy 

findings while premature fat and mild 

fibrosis were observed in 13% and 20% of 

the patients, respectively. On the other 

hand, none of the patients showed 

advanced fibrosis (19). In these long-term 

studies, cirrhosis and fibrosis have rarely 

been reported, which was similar to the 

results of our study. Moreover, in those 

developing fibrosis or cirrhosis, the effects 

of other risk factors, which are more 

related to adults, have been indicated. In 

Lindsay et al., there were no significant 

associations between liver enzymes and 
pathologic findings in liver biopsy (19).  

It should be noted that in the study of 

Lindsay et al., patients were treated with 

MTX because of arthritis, not malignancy. 

In fact, malignancy may be a predisposing 

factor for severe hepatic complications 

following MTX therapy. However, in a 

prospective study by Locasciulli et al., 

they evaluated 68 children with ALL from 

the diagnosis to the end of HD-MTX 

treatment and found no major acute 

hepatotoxicity for HD-MTX therapy in 

these children (20). In the study of 

Kawakatsu S. et al., 320 patients (135 

adult and 185 pediatric) treated with HD-

MTX were evaluated. They observed a 

difference in toxicity patterns based on 

age.  Such that HD-MTX was related to 

higher hazard of nephrotoxicity in adults, 

and  neurotoxicity and hepatotoxicity in 

children (21). This suggests that a 

combination of risk factors may influence 
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the occurrence of severe hepatoxicity after 

MTX therapy. In the study of Bath et al., 

cirrhosis developed in 5% of patients who 

received long-term low dose MTX (6). 

Sotoudehmanesh et al., in a retrospective 

study examined the hepatotoxic effects of 

MTX in 286 patients with rheumatoid 

arthritis (RA) over a period of 15 years. 

Elevated liver enzymes were detected in 

23.7% of the patients exposed to MTX for 

40.5 ±34.6 months. The interval between 

the start of treatment and a rise in liver 

enzymes was 22.1±22.1 months. The only 

important factor predicting an increase in 

liver enzymes was the duration of MTX 

treatment. The mean duration of treatment 

was longer in patients with elevated liver 

enzymes (59.6 ±42.3 months) than those 

without increased liver enzymes. There 

was a statistically significant relationship 

between the cumulative dose of MTX and 

elevation of liver enzymes. So, it was 

concluded that MTX hepatotoxicity was a 

common complication of long-term MTX 

therapy, is characterized by a slight 

increase in liver enzymes and is associated 

with the duration of treatment (22). In the 

recent study, contrary to the present one, 

patients were adults, had a non-malignant 

disease, and had received low dose MTX 

over a long period, suggesting that the 

route of administration may also affect the 
occurrence of liver complications. 

4-1. Study Limitations  

The limitation of this study included: 1) a 

small sample size, 2) patients with 

malignancy, and 3) the lack of comparison 

with the control group or adults. 

5- CONCLUSION 

      In this study, we found that long term 

high-dose MTX therapy could not 

significantly affect serological parameters 

of hepatic function (i.e. AST, PT, PTT, 

total bilirubin, and direct bilirubin) after 

several years of treatment discontinuance. 

The main change was seen in the ALT 

level. None of the observed changes were 

related to the type of malignancy or 

gender. It can also be concluded that 

treatment with high doses of MTX will not 

predispose patients to liver cirrhosis and 

fibrosis in those who have improved and 

stopped treatment for several years. 

Nevertheless, some complications include 

hepatomegaly, splenomegaly, and 

increased hepatic parenchymal 

echogenicity, grade I fatty liver, and 

increased portal vein flow rate. There was 

no relationship between liver size and the 

development of grade I fatty liver. 

Furthermore, we observed no cases of 

chronic liver involvement in our patients. 

Based on our results and the findings of 

other studies, it is recommended to use 

short-term high-dose MTX and resolve 

other risk factors to prevent severe liver 

complications years after the 
discontinuance of chemotherapy.  

In this study, due to the lack of evidence of 

significant liver involvement, liver biopsy 

was not indicated for patients. However, 

because of the possibility of mild 

complications, as observed here, there is a 

need to follow up patients for years after 

therapy discontinuance. Future studies on 

larger populations of children, especially 

those with autoimmune diseases, are 

recommended. It is also suggested to 

investigate the risk factors and histological 

features of MTX hepatotoxicity to provide 

accurate and efficient treatment and 

follow-up guidelines. The main limitation 

of this study was the small number of 

samples and the lack of a control group. 

6- ABBREVIATION  

DILI: Drug-Induced Liver Injury 

MTX: Methotrexate 

HDMTX: High-dose Methotrexate 

ALL: Acute Lymphoblastic Leukemia 

ID: Intermediate-dose 

LD: Low-dose 

AST: Aspartate Aminotransferase 

ALT: Alanine Aminotransferase 
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PT: Prothrombin time 

PTT: Partial thromboplastin time. 
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