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Introduction: Hepatotoxicity is usual toxicity after chemotherapy in acute lymphoblastic leukemia (ALL) patients. 
Conventional treatment methods such as supportive care did not have an effective role in the improvement of 
hepatotoxicity.
Objectives:  In this study clinical efficacy of milk thistle in contrast with placebo was compared in leukemia 
patients with chemotherapy-induced hepatotoxicity.
Patients and Methods: In this double-blind study, 93 ALL patients with chemotherapy-induced hepatotoxicity 
were randomized to a clinical trial with milk thistle or placebo. Liver enzymes level evaluated during 70 days. 
We divided patients randomly into two groups. Milk thistle at dosage of 7 mg/kg daily was prescribed in the 
intervention group while in the control group, placebo pills similar to milk thistle in shape and color were 
prescribed daily.
Results: At day 35 and day 70 of the study, in the milk thistle arm ALT and AST mean serum levels were lower than 
the placebo group (P<0.001). In the milk thistle group there was a significant reduction in mean of AST and ALT 
during the first 35 days in patients who were taking livergol in comparison to next 35 days that patients stopped 
taking it. Children’s age was between 3-15 years.
Conclusion: Based on our results, milk thistle improves liver function in chemotherapy-induced hepatotoxicity 
and there was no need for dose reduction or discontinuation of chemotherapy. Future clinical trials should be 
conducted to explore longtime effect of livergol in leukemia patients and to determine if there is any need for 
prophylactic administration of antioxidants. 
Trial Registration: This clinical trial has been approved by the Iranian Registry of Clinical Trials at 2018-02-14 
(identifier: IRCT20170821035831N2; http://en.irct.ir/trial/26957).

Abstract

Citation: Ghazizadeh 
F, Noroozi M, Shadara 
P, Rasouli J, Hejazi 
S. New therapy for 
chemotherapy-induced 
hepatic failure in 
leukemia; a randomized 
double-blind clinical trial 
study. Immunopathol 
Persa. 2021;7(2):e16. 
DOI:10.34172/
ipp.2021.16.

Introduction
Acute lymphoblastic leukemia (ALL) is the 
most common malignancy in children. It 
accounts for one-fourth of all cancers and 72% 
of all cases of childhood leukemia (1). More 
than 80% of patients improve with systemic 
chemotherapy and prophylactic central 
nervous system chemotherapy. However, 
systemic chemotherapy of ALL results in a 
significant morbidity and mortality (3, 4), since 
neurotoxicity, liver dysfunction and mucositis 
are serious side effects (5-7). Metabolites of 
6-mercaptopurine and methotrexate are the 
main cause of hepatotoxicity in maintenance 
phase of ALL chemotherapy (8).
Historically, over 2000 years milk thistle has 
been used for liver diseases such as hepatitis, 
cirrhosis and gallbladder problems. Some 
studies suggest that milk thistle is applied as a 
supportive care agent in conditions with liver 
and kidney toxicity (9-11).

Key point 

Every dose reduction or chemotherapy discontinuation 
in leukemia treatment course increases the risk of 
remission failure and leukemia relapse. Liver failure 
is one of the most common causes of dose reduction. 
Milk thistle will improve liver function and reduce 
chemotherapy hepatotoxicity. 

Anti-inflammatory, anti-apoptotic, and 
anti-oxidative as well as inhibition of 
tumor necrosis factor (TNF-a) release and 
caspase-3 activation, increase of the anti-
apoptotic protein Bcl-2 level, proteases, 
and hyaluronidase effects are some possible 
mechanisms for milk thistle protective effects 
(12).

Objectives
There is not enough prospective study about 
the efficacy of milk thistle in chemotherapy-
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induced hepatotoxicity; therefore, in this study we 
evaluated and compared clinical efficacy of milk thistle 
in contrast with placebo on chemotherapy-induced 
hepatotoxicity in children with ALL.

Patients and Methods 
Our study was conducted as a prospective double-blind 
clinical trial in oncology department from November 2016 
to May 2017. Patients’ diagnoses made based on clinical 
findings, review of initial bone marrow aspiration slides 
and flow cytometry results. 

In our department, in maintenance phase, every 35 days 
patients have an injection of vincristine at day 0 which 
followed by 5 days steroid pulses and weekly methotrexate 
(MT) 20 mg/m2 and daily mercaptopurine 75 mg/m2 for 
two years in girls and three years in boys. As our routine, 
we check liver enzymes level and bilirubin level before 
injection of vincristine at day 0 of all courses for all of ALL 
patients in maintenance phase of chemotherapy. Patients 
In this study in two arms of intervention and control, 
treated with MT and placebo for 35 days, respectively, and 
in additional 35 days the treatment followed. In order to 
control confounding parameters, we used double blind 
method, in which all individuals and physicians who 
prescribed the drugs were not aware of the type of drugs. 
Additionally, our biostatistics analyzer was not aware of 
our grouping, only the first author had knowledge of the 
randomization assignment. The samples were selected 
by the convenience method among patients of oncology 
department and allocated in two arms while a block 
randomization procedure was used with matched subjects 
in each block based on sex and age. Thus, at first, the size 
of the blocks was determined to be six in this study. In 
the next step, according to the sample size, the number 
of the required blocks was considered to be 15. In the 
next step, all the possible combinations were listed and, 
for each, a code was assigned. Among these codes, 15 
codes were selected using the drawing method and listed 
in order. The assignment of the individuals was based 
on the combination of the selected blocks, such that in 
addition to the random nature and lack of prediction on 
the assignment of the participants to the intervention and 
control groups, the size of each group remained equal. 

All parameters were measured on days 0, 35 and 70 
during their routine visit for chemotherapy and no 
additional blood sampling imposed on the patients. 

Hepatotoxicity criteria
The grading system applied to patients, adapted from 
the American National Cancer Institute grading scale 
for Hepatotoxicity, published in 1999. Patients with 
grade II and III entered into the study and patients with 
hepatotoxicity grade IV were not included in the study. 

Milk thistle
Milk thistle is scientifically called Silybum marianum. It 
is a plant of the Asteraceae family. Originally a native of 
Southern Europe and Asia, it is now found throughout the 

world. Studies suggest that milk thistle prevents toxin entry 
to hepatocytes, stimulates protein synthesis and accelerates 
hepatocytes regeneration. In patients with hepatitis C virus 
milk thistle showed antiviral effects. Silymarin was safe 
and well tolerated up to 2.1 g per day orally. It was safe for 
up to 41 months use. Gastrointestinal problems ( diarrhea, 
dyspepsia, nausea, flatulence, anorexia, changes in bowel 
habits, abdominal bloating, abdominal fullness or pain), 
headache, skin reactions (pruritus, rash, urticaria, and 
eczema), neuropsychological events ( asthenia, malaise and 
insomnia), rhinoconjunctivitis (nasal congestion, runny 
nose and sneezing), arthralgia (pain in joint), impotence 
and anaphylaxis (serious life threatening allergic reaction) 
are rare side effects associated with milk thistle (16-19). In 
our country milk thistle is sold under the brand of Livergol 
and was effective in fatty liver and hepatitis with strong 
antioxidant activities. Livergol has two types of 140 mg 
and 70 mg coated tablets (each tablet containing 140 mg 
and 70 mg Silybum marianum, respectively) (20). 

Eligibility
All complications were described to parents and were 
presented in written form. Follow-up was done using 
phone contacts and all complications were checked in 
each visit (physical examination). Any side-effects related 
to milk thistle monitored, through weekly phone contacts.

Inclusion criteria
It consisted of pediatric subjects aged between 3-15 years 
referred to oncology department with a diagnosis of 
pre-B cell and early pre-B cell ALL ( initial bone marrow 
involvement with more than 20% lymphoblasts) in 
maintenance phase of chemotherapy, with hepatotoxicity 
grade 2 and 3 according to Common Toxicity Criteria 
Version 2.0 of National Cancer Institute (NCI) (14). 

Exclusion criteria
It consisted of subjects with obstruction of extrahepatic 
biliary tract, severe failure of liver or kidney, 
gastrointestinal obstruction, malabsorption syndrome, 
grade IV hepatotoxicity, viral induced hepatitis and sepsis-
induced hepatotoxicity, denied to participate in study, 
previous history of allergy to milk thistle, age below 3 years 
or more than 15 years. We also excluded patients who were 
no longer willing to stay and collaborate in the study. 

Ethical issues
The research followed the principles of the Declaration of 
Helsinki. The study was registered in the Iranian Registry 
of Clinical Trials (identifier: IRCT20170821035831N2; 
http://en.irct.ir/trial/26957). The ethics committee of 
the Urmia University of Medical Sciences approved the 
study (#IR.UMSU.Rec.1396.5). The process of the study 
was explained to the patients and informed consent was 
obtained from all of them.

Data analysis
Data of patients who completed the trial were analyzed and 
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reported. SPSS version 22 software (SPSS Inc., Chicago, IL, 
USA) was used for Statistical analysis of data. Chi-square 
test was used to compare qualitative variables between 
groups. Variables that were distributed in a normal way 
were analyzed by student t test and paired t test, besides 
Mann-Whitney and Wilcoxon tests were performed 
for variables that did not have normal distribution. The 
normal distribution of all studied data was checked with 
Kolmogorov-Smirnov test. Repeated measure ANOVA 
evaluated the differences between the groups during 
different periods of time. The two-tailed P value < 0.05 
was considered significant.

Results
The study flowchart is shown in Figure 1. Ninety-three 
patients with chemotherapy-induced hepatotoxicity 
were registered in the study. Eighty percent of patients 
were enrolled with elevated  alanine aminotransferase 
(ALT) and remaining patients for elevated aspartate 
aminotransferase (AST), since there was no increase in 
bilirubin level. Based on gender and age, the participants 
were allocated in two arms. Ninety patients were able to be 
evaluated and completed the study; 45 patients randomly 
assigned to the intervention group and 45 to the control 
group. One patient refused to take any dose of milk thistle 
and 2 patients in the control group had rising of enzymes 
during the study that they were excluded from study 
analysis. In milk thistle arm, Livergol with 7 mg/kg daily 
was prescribed. The drug was administrated as tablets of 70 
and 140 mg. the calculated number of tablets per dose was 
rounded to the nearest half or whole tablet. Around 75% 
of patients of milk thistle group and in the placebo group 

85% of patients had grade 2 toxicity and the remaining 
patients in each group who enrolled in the study had grade 
3 toxicity. No patients with grade 4 toxicity registered into 
the study. Seven patients in the milk thistle group and 
10 patients in the placebo group received one tablet (70 
mg) per day; 24 patients in the milk thistle group and 20 
patients in the placebo group received one tablet (140 mg) 
per day; 10 in milk thistle and 8 in placebo received 2 
tablets (70 +140 mg) per day; and 4 in milk thistle and 7 in 
the placebo received 3 tablets (140 +140+70 mg) per day. 
In the control group placebo tablets similar to Livergol in 
shape and color, were prescribed daily. 

Children were between 3-15 years old. The mean age 
was 6.73 years in the milk thistle group and in the control 
group it was 6.51 years. The total number of females 
and males in this study were 45 patients (Total: 90). No 
statistically significant difference there was between age 
and gender in the study. Demographic variables in terms 
of age (P = 0.079) and gender (P = 0.058) in both groups 
were similar (Table 1).

At baseline, AST and ALT levels between the milk 
thistle group and placebo group did not show a statistical 
difference (P = 0.8 and P = 0.4 respectively). At day 35 and 
day 70 of the study, in milk thistle arm ALT and AST mean 
serum levels were lower than the placebo group (P < 0.001; 
Figure 2). Mean total and direct bilirubin levels did not 
show a significant difference between the milk thistle 
group and placebo group at baseline, days 35 and 70. 

Mean reductions in intra-individual AST, and ALT over 
35 and 70 days from baseline were evaluated by using 
difference scores. There was no significant difference in 
mean reduction of AST and ALT from day 0 to day 35 in 
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Figure 1. CONSORT flow diagram of the study.
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the placebo group. However, in the milk thistle arm mean 
reduction of AST and ALT from day 0 (before treatment) 
to day 35( mean reduction 38.68 and 91.40, respectively 
with Sig. 2-tailed 0.000 ) and from day 0 to day 70 had 
significant reduction ( mean reduction 44.15 and 102.68 
respectively with Sig. 2-tailed 0.000).

In contrast to other studies, complications such as 
diarrhea due to medication were not observed in this 
study. It should be noted that the weekly cumulative dose 
of chemotherapy drugs did not differ significantly in both 
groups. We did not have any increase in enzymes level in 
the milk thistle arm of study.

Discussion
Milk thistle effects on liver function and elevated liver 
enzymes were evaluated in our study. To our knowledge, 
the effects of milk thistle on liver function in patients 
with leukemia have been evaluated in few studies. For the 
first time we introduced Livergol as an antioxidant for 
treatment of hepatotoxicity. We found that short course of 
Livergol is effective in decreasing liver enzymes and with 
Livergol there is no need to chemotherapy doses reduction 
or delay in therapy courses.

Post-chemotherapy rising of liver enzymes is one of 
common side effects of chemotherapy and usually results 
in discontinuation of chemotherapy or dose reduction that 
both of them associate with poor outcome.

In the study performed by Ladas et al no significant 
changes in mean ALT, AST, or total bilirubin at day 28, 
however, at day 56, the milk thistle group had a significantly 
lower AST and ALT (14). They concluded that in children 
with ALL and chemotherapy-induced hepatotoxicity, 
milk thistle was associated with a trend toward significant 
reductions in liver toxicity parameters and milk thistle did 
not antagonize the effects of chemotherapy agents used 
for the treatment of ALL (14). The Livergol protective 
effects may be due to the blocking of toxin receptors 
on hepatocytes and free radical scavenging features. 
Moreover, inflammatory mediators such as tumor necrosis 

factor, nitrous oxide, interleukin-6, and interleukin-1 
receptor antagonist were regulated by milk thistle (24-26). 
There are more studies that used milk thistle for treatment 
of oxidative stresses in different diseases, but yet there is 
no consensus about the therapeutic benefits. 

Moreover, Sule et al reported that milk thistle has been 
effective in some of the pediatric ALL patients to prevent 
and treat the chemotherapy-induced hepatotoxicity by 
reduction in AST and ALT serum levels as compared to 
control subjects (23). Based on our results there was no 
reduction in AST and ALT levels of patients in placebo 
group during 70 days (Figure 2). In the Livergol group 
the elimination rate of ALT and AST level between day 
35 and 70 is much lower than the reduction at day 0 to 
35 because patients who take Livergol just for 1st 35 days. 
This suggests that milk thistle is effective in improvement 
of liver function while the effect of Livergol can even 
continue after patients stopped taking it. Elevation of 
liver enzyme in 60% of our patients shows that we should 
monitor routinely liver function in all of ALL patients over 
maintenance phase of chemotherapy. As recent studies 
show, maintenance phase is as important as other intensive 
phases of ALL chemotherapy (27) and any dose reduction 
or discontinuation of chemotherapy increase the risk of 
relapse (28). One of the helpful medications for continuing 
and nonstop chemotherapy may be Livergol. 

Conclusion 
As our results showed the beneficial effects of milk thistle 
in chemotherapy-induced hepatotoxicity, which could 
be prescribed as a supportive treatment in addition to 
chemotherapy, leads to hepatotoxicity recovery in the 
short term. Future clinical trials should be conducted to 
explore longtime effect of Livergol in leukemia patients 
and to determine if there is any need for prophylactic 
administration of antioxidants. 

Study limitations
This study was restricted to the maintenance phase, so 
sample size was relatively small. 

Table 1. Demographics by randomized group

Variable Livergol (n = 45) Placebo (n = 45)

Age (y)

3-5 12 (26.7%) 12 (26.7%)

5-10 27 (60%) 29 (64.4%)

>10 6 (13.3%) 4 (8.9%)

Mean/y 6.73 6.51

Gender

Male 21 27

Female 24 18

Risk group

Standard risk 41 43

High risk 4 2

Eligibility (elevated)

AST (IU/L) 10 8

ALT (IU/L) 35 37

Total bilirubin (mg/dL) 0 0 Figure 2. Mean AST and ALT level during 70 days in both groups.
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