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ABSTRACT

Background: 6-Mercaptopurine (6-MP) is used to treat childhood acute lymphoblastic
leukemia (ALL). The concentrations of 6-MP metabolites in red blood cells (RBCs), specifically
6-thioguanine (6-TG) and 6-methyl mercaptopurine nucleotides (6-MMP), are associated with
the drug’s therapeutic responses and adverse effects.

Objectives: This study aimed to assess the metabolites of 6-MP and their relationships with
hepatotoxicity and neutropenia in the erythrocytes of children with ALL.

Methods: Atotal of 32 children with ALL treated with 6-MP were included in this study. The patients
were assigned to the case group (13 patients with neutropenia and hepatotoxicity) and the control
group (19 patients without neutropenia and hepatotoxicity). Each child’s biochemical parameters
(leukocyte count, alanine transaminase, aspartate transferase, lactate dehydrogenase, bilirubin
levels, urea levels, creatinine, and creatinine clearance) were also measured. The concentrations
of 6-MP metabolites were measured using high-performance liquid chromatography (HPLC) and
analyzed by mixed model analysis.

Results: No significant differences were found between the case and control groups regarding
gender, age, body mass index, drug dose, and the number of dose reductions. However, there
is a significant relationship between the case and control groups regarding white blood cells
(WBC) (P=0.01), neutrophil count (P=0.001), and absolute neutrophil count (ANC) (P=0.0002).
Our results indicated a strong inverse correlation between high concentrations of 6-TG and WBC
counts, neutrophil counts, and ANC. Furthermore, a direct correlation was observed between
the levels of metabolites (6-TG and 6-MMP) and hepatotoxicity.

Conclusions: Our findings support the association between the levels of 6-MP metabolites and
adverse effects, including neutropenia and hepatotoxicity. These findings also emphasize the
importance of personalized treatment approaches, especially therapeutic drug monitoring in
cases with severe unexplained adverse effects, to optimize therapeutic outcomes in pediatric
ALL patients.
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Introduction

cute lymphoblastic leukemia (ALL) is the most

prevalent malignancy in children, accounting

for approximately 80% of pediatric leuke-

mias and 30% of all childhood malignancies.

ALL is characterized by the rapid proliferation
of immature white blood cells (WBCs), known as lym-
phoblasts [1, 2]. The typical symptoms of the disease
include fatigue, fever, easy bruising, and bone pain [3].
Over the past 30 years, the prognosis of ALL significantly
improved, achieving a 90% survival rate over 5 years [4].
Management of drug-related toxicity will be essential
to prevent interruptions in chemotherapy to minimize
disease relapses, thereby further increasing the survival
rate [5]. To reduce drug-related toxicity and enhance
the survival rate of vulnerable patients, it is essential to
tailor treatment to the individual needs of each patient
[6]. A portion of the treatment’s success can be attrib-
uted to the 18 to 24 months of adequate maintenance
therapy necessary to prolong the remission achieved
during the early stages of treatment [7].

The foundation of maintenance therapy for ALL is
6-mercaptopurine (6-MP) [8]. As a purine analog, 6-MP
exerts its anti-leukemic effects by inhibiting de novo
purine synthesis (DNPS), which is essential for leukemic
cell proliferation [9, 10]. 6-MP is a prodrug metabo-
lized through multiple enzymatic steps in the purine
salvage pathway [11]. The anabolic pathway involv-
ing hypoxanthine-guanine phosphoribosyl transferase
(HPRT) results in the production of 6-thioinosine mo-
nophosphate, which is subsequently converted into
6-thioguanine (6-TG) nucleotides [12]. Then, 6-TG is
phosphorylated to form 6-thioinosine triphosphate or
incorporated into nucleic acids [13]. The reversal of this
process can be mediated by the enzyme inosine triphos-
phate pyrophosphatase [14]. Catabolic pathways inac-
tivate 6-MP through xanthine oxidase, which converts
it to 6-thiouric acid and thiopurine S-methyltransferase
(TPMT), which metabolizes 6-MP to 6-methylmercap-
topurine (6-MMP). Both of these catabolic metabolites
inhibit DNPS [15].

The balance between 6-TG and 6-MMP is known to
vary significantly and is mainly influenced by TPMT ge-
netic polymorphisms [16]. The effectiveness and side
effects of 6-MP in patients are known to be influenced
by inter-individual variability in the concentrations of
6-TG and 6-MMP in the red blood cell (RBC), particu-
larly in homozygous TPMT-deficient patients, who face
a significant risk of myelosuppression [17, 18]. 6-TG me-
tabolites are responsible for the anti-leukemic effects
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of 6-MP, while 6-MMP and its metabolites are associ-
ated with hepatotoxicity [19]. While 6-MP is generally
well tolerated, side effects such as nausea, skin rashes,
changes in appetite, bone marrow suppression, and
hepatotoxicity may still occur [20, 21]. Maintaining an
optimal balance between 6-MP metabolic pathways,
including the production of 6-TG and 6-MMP, is crucial
to achieving maximal anti-leukemic efficacy while mini-
mizing the risk of hepatotoxicity or severe myelosup-
pression. In the current study, we measured the serum
concentrations of 6-MP metabolites and assessed their
relationship with the occurrence of 6-MP side effects,
particularly hepatotoxicity, and neutropenia, in ALL pa-
tients receiving 6-MP during maintenance therapy.

Methods
Statistical population

Children with ALL in the maintenance phase of chemo-
therapy with 6-MP, who were referred to the Pediatric
Oncology Department of Bou Ali Sina Hospital in Sari
City, Iran, were included in this study. A confirmation of
ALL is met when blast cells of lymphoid origin consti-
tute 220% of marrow nucleated cells or 220% of non-
erythroid cells when the erythroid component is >50%.
The diagnosis of ALL in children was confirmed through
complete blood count tests, peripheral blood smear ob-
servations by a hematopathologist, lymphoblast count,
and, if possible, lymphoblast flow cytometry studies, cy-
togenetic studies, and finally, bone marrow aspiration.

Inclusion criteria

We included the patients under 18 years of age di-
agnosed with ALL who have been in the maintenance
therapy phase for at least 2 months and are currently in
remission and receiving a consistent daily dose of 6-MP
and other medication, including corticosteroids and
methotrexate for at least the past month, with no dose
adjustments during this period were included.

Also, the patients should have not undergone packed
RBC transfusions within the last 6 weeks.

Exclusion criteria

We excluded patients with previously known hyper-
sensitivity to 6-MP or thioguanine, patients without
consent to participate or continue participation in the
study, and patients treated with allopurinol during the
previous month.
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Data collection

In this study, patient characteristics (gender, age, body
mass index, MP dose, and number of dose reductions)
were gathered at the time points (November 27, 2023
-March 12, 2024). Clinical data for each child were also
collected at the time of blood sampling, including hemo-
globin levels, RBC count, leukocyte count, liver function
tests (e.g. alanine transaminase [ALT], aspartate trans-
aminase [AST], lactate dehydrogenase [LDH]), bilirubin
levels, and levels of urea, creatinine [Cr], and creatinine
clearance [CrCl]. Based on the available clinical records,
two groups of patients were examined.

Case and control groups definition

The case group consisted of patients with ALL who expe-
rienced hepatotoxicity (ALT more than 2.5 times the upper
limit of normal) or neutropenia (absolute neutrophil count
[ANC] less than 1500x10°%/L) during 6-MP treatment.

The control group included patients with ALL who did
not experience hepatotoxicity or neutropenia while un-
dergoing treatment with 6-MP.

Blood sampling

To prepare erythrocytes, 3-5 mL of venous blood
samples were collected from each child and poured
into EDTA-containing tubes. The samples were stored
at 4 °C and processed within 24 hours. Subsequently,
they were centrifuged at 2500 rpm for 10 minutes at 4
°C. The plasma and buffy coat were removed, and the
remaining RBC volume was measured and recorded in
the falcon tube. The cells were then washed with ap-
proximately two volumes of normal saline, vortexed at
low speed (setting 1) for 15 seconds, and centrifuged at
2500 rpm for 10 minutes at 4 'C. After discarding the su-
pernatant, this washing step was repeated. The sample
was centrifuged at approximately 2500 rpm for 10 min-
utes at 4 C. Following removing the supernatant, the
cells were resuspended to an equal volume of normal
saline. The RBC count was determined using a Beck-
man Coulter™ Counter (USA). Finally, the samples were
stored in 1.5 mL tubes at -80 'C until further analysis.

High-performance liquid chromatography method
(HPLC)

The HPLC system consists of a K-1001 solvent delivery
system equipped with a Rheodyne injection valve (20 pL
sample loop inserted) and a UV-Vis spectrophotometer
detector model K-2600 set at 320 nm (all from Knauer
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company, Germany). Analysis was performed using an
ODS-C18 column (150x4.6 mm i.d., 5-um particle size)
and the corresponding guard column. All solvents were
filtered and degassed before entering the column. The
optimum HPLC conditions included a mobile phase
aqueous system consisting of 0.025 M phosphate buffer
(pH 2.6), with the concentration of the organic modi-
fier, methanol, in the elution solvent varied from 5% to
90% using a linear gradient profile. The total run time,
including the equilibration time for the subsequent run,
was 15 minutes. The flow rate was set at 1 mL/min, the
temperature at 25 'C, and the detection wavelength at
320 nm for all analytes. In our study, 5-fluorouracil (5-
FU) with a concentration of 5 mg/mL was used as the
internal standard (IS) in the HPLC method [22].

6-MP metabolite assay

The extraction and determination of 6-MP metabo-
lites (6-TG and 6-MMP) were performed using HPLC on
RBCs. Briefly, A total of 200 uL of suspended erythro-
cytes was mixed with 100 L of dithiothreitol (DTT) at a
concentration of 75 mg/mL (resulting in a final concen-
tration of 120 mM), along with 100 pL of water, 25 uL
of 5-FU and 50 pL of perchloric acid (70%). This mixture
was vortexed for 30 seconds in a 1.5-mL Eppendorf tube
(Sarstedt, Germany) and centrifuged for 15 minutes at
13000 x g at room temperature. To hydrolyze thiopu-
rine nucleotides into their corresponding bases, 300 uL
of the supernatant was transferred to a new Eppendorf
tube and heated in a compact thermomixer (Hamburg,
Germany) for 45 minutes at 100 ‘C. During hydrolysis,
6-MMP is transformed into 4-amino-5-(methylthio)car-
bonyl imidazole. This product could easily be quantified
using the same chromatographic conditions applied to
the other bases, corresponding to the final product de-
tected by the described method. About 20 L aliquot of
the cooled solution was injected into the column [22].

Statistical analysis

All statistical processes were operated using Stata soft-
ware, version 14 (StataCorp, College Station, TX, USA).
Data have been presented as Mean+SD or number (%).
We deployed the Mann-Whitney U or student t-test
and Fisher exact tests to compare the variables be-
tween two groups, case, and control. The normality was
checked for continuous data using a histogram and the
Shapiro-Wilk test. Data transformation was applied on
the 6-MP metabolites as Ln-transformed. Then, B coef-
ficients from linear regression models were estimated.
A probability value of less than 0.05 was considered sta-
tistically significant.
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Figure 1. Injection of 6-MP at different concentrations into the HPLC device Journal of Pediatrics Review

Abbreviations: 6-MP: 6-mercaptopurine; HPLC: High-performance liquid chromatography; DTT: Dithiothreitol; 5-FU: 5-fluorouracil; AUC:
The area under the curve.

Notes: The first graph illustrates the injection of a 6-MP standard solution with a 400 ug/mL concentration into the HPLC device. The
injection volume was 20 pL, performed at a wavelength of 320 nm, and the run time was 15 minutes. A peak is observed at 9.2 minutes.
The second graph depicts the injection of a 6-MP standard solution with a concentration of 50 pug/mL (100 pL of the prepared solution)
combined with 200 pL of healthy volunteer blood, 100 pL of DTT at a concentration of 75 mg/mL, 25 L of 5-FU as an IS at a concentration
of 5 mg/mL and 50 pl of perchloric acid (70%) into the HPLC device, also with an injection volume of 20 pL. In this case, the 6-MP peak
is observed at 9.15 minutes, the 5-FU peak at 5.4 minutes, and the DTT peak at 11.5 minutes. The displayed curve represents the 6-MP
standard curve. The x-axis is based on the 6-MP (pmol) to 5-FU (pmol) ratio, while the y-axis is based on the ratio of 6-MP AUC to 5-FU AUC.

Salehifar E, et al. Mercaptopurine Metabolites Predicting Neutropenia and Hepatotoxicity in Pediatric ALL. J Pediatr Rev. 2025; 13(1):73-86.
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Results
Patient characteristics and biochemical parameters

This study included 32 children with ALL, comprising
19 patients in the control group (7 boys and 12 girls) and
13 in the case group (6 boys and 7 girls). Their mean
ages were 8.07+4.01 years for the control group and
8.38+3.96 years for the case group. The mean body
mass index, the dose of mercaptopurine, and the num-
ber of dose reductions in the control and case groups
are presented in Table 1. No significant differences were
observed between the case and control groups regard-
ing demographic characteristics (Table 1).

Table 2 lists the mean values of the biochemical pa-
rameters (WBC, HB, PLT, ALT, AST, HDL, total bilirubin,
direct bilirubin, urea, Cr, and CrCl) among patients. The
MeanzSD values for WBC in the control and case groups
were 4.18+1.66 and 3.05+0.89 x10%/L, respectively. Also,
the mean values for neutrophils and absolute neutro-
phil count (ANC) in the control group were 58.92+9.18%
and 2.49+1.18 x10%/L, respectively, while the case group
had the values 45.47+12.88% and 1.43+0.82 x10°%/L.
Furthermore, there is a significant relationship between
the case and control groups regarding WBC (P=0.01),
neutrophil (P=0.001), and ANC (P=0.0002). Additionally,
no significant changes were observed between the case
and control groups in other biochemical parameters.

Mercaptopurine metabolites levels and ANC

Concentrations of 6-TG, 6-MP, and 6-MMP were mea-
sured using HPLC in RBCs of patients (Figures 1, 2 and 3).
The MeanzSD Ln 6-TG concentration in the control and
case groups were 8.9+1.44 pmol/8x108 RBC [IQR, 5.11-
10.89] and 7.9+1.6) pmol/8x108 RBC [IQR, 5.86-9.98],
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respectively. The MeantSD Ln 6-MP concentrations
were 8.69+1.09 pmol/8x108 RBC [IQR, 6.71-10.37] for
the control group and 9.03 (0.89) pmol/8x108 RBC [IQR,
7.84-10.2] for the case group. Also, Ln 6-MMP concen-
trations were 13.2+1.29 pmol/8x10% RBC [IQR, 10.53-
16.02] in the control group and 12.85+1.31 pmol/8x10®
RBC [IQR, 11.04-15.17] in the case group (Table 3).

Association between mercaptopurine metabolites
levels and ANC

The concentrations of 6-TG (Hedges’ g=-0.059; 95%
Cl, -0.908%, 0.792%; P=0.95) and 6-MMP (Hedges’ g=-
0.189; 95% Cl, -0.905%, 0.531%; P=0.40) were nega-
tively related to ANC, while a positive connection was
observed between 6-MP (Hedges’ g=0.215; 95% ClI,
0.505%, 0.921%, P=0.45) and ANC. However, no sig-
nificant differences exist between the case and control
groups (Table 3).

Mercaptopurine metabolites levels and hepatotoxicity

In cases with hepatotoxicity, the mean concentra-
tions of Ln 6-TG were 7.80 [IQR, 5.11-9.44] pmol/8x10?
RBC in the control group and 8.07 [IQR, 5.86-10.89] in
the case group. While the mean concentrations of Ln
6-MMP were reported to be 13.08 [IQR, 10.53-14.65]
pmol/8x108 RBC in the control group and 13.06 [IQR,
11.04-16.02] pmol/8x108 RBC in the case group. Also,
the mean concentrations of Ln 6-MP were 8.67 [IQR,
6.71-10.37] pmol/8x10® RBC in the control group and
8.97 [IQR, 7.84-10.2] pmol/8x10® RBC in case group.
6-MMP was slightly higher in patients with hepatotox-
icity compared with patients without hepatotoxicity;
however, this difference was not statistically significant
(Table 4).

Table 1. Characteristics of patients in the control (n=19) and case groups (n=13)

Mean+SD/No. (%)

Variables P
Control Case

Female 12(37.5) 7(21.875)
Gender 0.59

Male 7(21.875) 6(18.75)
Age (y) 4.01+8.07 3.96+8.38 0.78
BMI (kg/m?) 6.40+20.36 7.83+19.72 0.48
MP dose (mg/d) 0.93+3.1 1.03+3.07 0.92
DRN (d) 2.7612.21 3.44+3.23 0.38

Abbreviations: BMI: Body mass index, MP: Mercaptopurine, DRN: Dose reduction number.

Journal of Pediatrics Review
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Table 2. Biochemical findings of patients in the control (n=19) and case groups (n=13)

MeantSD
Variables P
Control Case
WBC (x10°/L) 1.66 +4.18 0.89+3.05 0.01"
Neutrophil (%) 9.18+58.92 12.88+45.47 0.001"
ANC (x10°/L) 1.18+2.49 0.82+1.43 0.0002°
HB (g/dL) 0.83+11.63 0.89+11.39 0.69
PLT (x10%/L) 90.81+268.21 68.75+263.38 0.87
ALT (U/L) 16.38+25.52 87.91+75.84 0.18
AST (U/L) 10.42+27.21 64.26+58.15 0.11
LDH (U/L) 86.10+432.52 100.11+462.3 0.50
Total bilirubin (mg/dL) 0.36+0.553 0.24+0.57 0.48
BIL-D (mg/dL) 0.09+0.26 0.08+0.26 0.94
Urea (mg/dL) 6.05+23.84 4.47+25.76 0.16
Cr (mg/dL) 0.08+0.59 0.08+0.54 0.17
CrCl (mL/min) 11.79+84.85 28.06+91.9 0.74

Journal of Pediatrics Review

Abbreviations: ANC: Absolute neutrophil count; HB: Hemoglobin; PLT: Platelets; ALT: Alanine transaminase; AST: Aspartate transferase;
LDH: Lactate dehydrogenase; BIL-D: Direct bilirubin; Cr: Creatinine; CrCl: Creatinine clearance.

“Statistically significant.

Table 3. Relationship between ANC and mercaptopurine metabolites concentrations

MeantSD
Effect Size
Number of
Variables Neutrophil Count . P
Patients
1500< >1500 Control  Case Hedges’ g Interpretation
6-MP concentration
(pmol/8x10°RBC) 8984.719+9511.385 8353.988+11398.94 21 11 0.21 Small effect 0.45
Ln_ 6-MP concentration
(pmol/8x10°RBC) 1.09+8.67 0.8619.03 21 11 = = 0.34
6-MMP concentration 1990067+1174756  11479724836673.1 20 11 -0.189 Small effect 0.40
(pmol/8x102 RBC)
Ln_ 6-MMP concentration
L o o _ _
(pmol/8x10° RBC) 1.29+13.20 1.31+12.85 20 11 0.48
6-TG
Concentration 12721.22+7013.67 7560.6616309.32 17 7 -0.059 Small effect 0.95
(pmol/8x108 RBC)
Ln_6-TG concentration 1.4448.90 1.60+7.90 17 7 - - 0.99

(pmol/8x10%RBC)

Journal of Pediatrics Review

Abbreviations: 6-MP, 6-mercaptopurine; 6-MMP, 6-methylmercaptopurine; 6-TG, 6-thioguanine nucleotide.

Notes: The t-test was used for normally distributed data (Ln_ 6-MP, Ln_ 6-MMP, and Ln_ 6-TG), while the Mann-Whitney test was used for
non-normally distributed data (6-MP, 6-MMP, and 6-TG levels).
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Table 4. Relationship between hepatotoxicity and mercaptopurine metabolites concentrations in the control (n=19) and case groups (n=13)

MeantSD
Effect Size
Variables Group P
Control Case Hedges’ g Interpretation

G;Q”nfoﬁj’;’ffgifg‘gn 9376.98£9904.15 7918.046+10534.51 0.07 Small effect 0.54
L”—é‘:q"j /%‘)’('Besatégm“ 1.15:8.67 0.8048.97 - - 0.41
G'mmgl;gjggggggfn 693605.7£783879.4 2548001+1429899 0371 Medium effect 0.65
Ln_ ?m';/:;gflrgie;ggﬁo” 1.16+13.08 1.49+13.06 - - 0.96
i’;ﬁ;&;i‘igﬁg&” 4087.8+4311.05 17504.77+10970.2 0.564 Large effect 0.77
L”—(sgg/c;:fgs”;gagm 1.24+7.80 1.82+8.07 = . 0.67

Journal of Pediatrics Review

Abbreviations: 6-MP: 6-mercaptopurine; 6-MMP: 6-methylmercaptopurine; 6-TG: 6-thioguanine nucleotide.
Notes: The t-test was used for normally distributed data (Ln_ 6-MP, Ln_ 6-MMP, and Ln_ 6-TG), while the Mann-Whitney test was used for

non-normally distributed data (6-MP, 6-MMP, and 6-TG levels).

Association between mercaptopurine metabolites lev-
els and hepatotoxicity

There is a positive association between the concentra-
tions of 6-TG (Hedges’ g=0.56; 95% Cl, -0.14%, 1.26%)
and hepatotoxicity. Also, the concentrations of 6-MMP
(Hedges’ g=0.371; 95% Cl, -0.326%, 1.06%) and 6-MP
(Hedges’ g=0.07, 95% Cl, -0.61%, 0.75%) exhibited a
positive relationship with hepatotoxicity (Table 4). How-
ever, no significant differences were observed between
the groups.

Correlation of patient’s characteristics, liver function,
and blood counts (including WBC, ANC, and neutrophil
%) with mercaptopurine metabolites using the Pearson
coefficient model

The correlations between the patient’s characteris-
tics, liver function, blood counts, and mercaptopurine
metabolites were examined using the Pearson corre-
lation coefficient. The result indicated that 6-TG con-
certation in RBC was inversely correlated with ANC
(r=0.41, P=0.04), WBC (r=-0.32), and neutrophil (r=-
0.44, P=0.03). These correlations indicate significant

Table 5. B coefficient with a 95% confidence interval between liver markers and neutropenia with mercaptopurine metabolites using a

regression model

Variables Ln_6-MP Ln_6-MMP Ln_6-TG
B Coefficient, -4.04, -3.62, -6.54,
AT [95% CI] [-26.37 to 18.29] [-21.93 to 14.67] [-22.84 t0 9.74]
P 0.71 0.68 0.41
B Coefficient, -343.05, -65.31, -354.75,
ANC [95% Cl] [-748.88 to 62.77] [-413.36 to 282.73] [-695.45 to -14.06]
P 0.09 0.704 0.04"
B Coefficient, -440.94, -119.1, -362.59,
WBC [95% CI] [-960.7 to 78.81] [-562.33 to 324.12] [-831.40 to 106.21]
P 0.09 0.58 0.12
B Coefficient, -2.07, 0.34, -3.34,
Neutrophil (%) [95%cl] [-6.58 to 2.44] [-3.3404.03] [-6.34t0-0.33]
0
P 0.35 0.85 0.03"

Journal of Pediatrics Review

Abbreviations: ALT: Alanine transaminase; ANC: Absolute neutrophil count; 6-MP: 6-mercaptopurine; 6-MMP: 6-methylmercaptopurine;

6-TG: 6-thioguanine nucleotide.

“Statistically significant.
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Figure 2. Injection of 6-TG at different concentrations into the HPLC device Journal of Pediatrics Review

Abbreviations: 6-TG: 6-thioguanine; HPLC: High-performance liquid chromatography; DTT: Dithiothreitol; 5-FU: 5-fluorouracil; AUC: The
area under the curve.

Notes: The first graph illustrates the injection of a 6-TG standard solution with a 5 ug/mL concentration into the HPLC device. The injection
volume was 20 pL, performed at a wavelength of 320 nm, with a run time of 15 minutes. A peak is observed at 13.1 minutes. The second
graph depicts the injection of a 6-TG standard solution with a concentration of 5 pg/mL (100 L of the prepared solution) combined with
200 pL of healthy volunteer blood, 100 L of DTT at a concentration of 75 mg/mL, 25 pL of 5-FU as an IS at a concentration of 5 mg/mL and
50 L of perchloric acid (70%) into the HPLC device, also with an injection volume of 20 pL. In this case, the 6-TG peak is observed at 13.6
minutes, the 5-FU peak at 4.5 minutes, and the DTT peak at 10.7 minutes. The displayed curve represents the 6-TG standard curve. The
x-axis is based on the 6-MP (pmol) to 5-FU (pmol) ratio, while the y-axis is based on the 6-TG AUC to 5-FU AUC ratio.

Salehifar E, et al. Mercaptopurine Metabolites Predicting Neutropenia and Hepatotoxicity in Pediatric ALL. J Pediatr Rev. 2025; 13(1):73-86.
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Figure 3. Injection of blood sample into the HPLC device

January 2025, Volume 13, Issue 1, Number 38
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Abbreviations: 6-MP: 6-mercaptopurine; HPLC: High-performance liquid chromatography; DTT: Dithiothreitol; 5-FU: 5-fluorouracil.

Notes: This graph represents the injection of a patient blood sample (200 pL of erythrocytes) combined with 100 pL of DTT at a concentra-
tion of 75 mg/mL, 100 pL of water, 25 pL of 5-FU as an IS at a concentration of 5 mg/mL and 50 pL of perchloric acid (70%) into the HPLC
device. The injection volume was 20 pL. The 6-MP peak was observed at 9.2 minutes, while the 6-TG peak appeared at 13.58 minutes. The
5-FU peak was also observed at 4.5 minutes, and the DTT peak at 10.56 minutes.

differences between 6-TG concentration and ANC and
neutrophil levels. Additionally, concentrations of 6-MP
and 6-MMP were negatively correlated with ANC, WBC,
and neutrophil. ALT levels were slightly positively cor-
related with 6-MP concentration in RBC. In contrast, ALT
levels showed an inverse correlation with both 6-TG and
6-MMP concentrations in RBC. These results are shown
in Figure 4.

Relationships between ALT and neutropenia with mer-
captopurine metabolites using regression model

The relationships between hepatotoxicity and neutro-
penia with mercaptopurine metabolites, as analyzed
using the regression model, are presented in Table
5. A negative association was observed between ALT
levels, a liver marker, and the natural logarithm of the
concentrations of 6-TG (B coefficient=-6.54; 95% Cl,
-22.84%, 9.74%; P=0.41), 6-MMP (B coefficient=-3.62;
95% Cl, -21.93%, 14.67%; P=0.68), and 6-MP (B coeffi-
cient=-4.04; 95% Cl, -26.37%, 18.29%; P=0.71), which
was not statistically significant.

There was a negative association of ANC values with
the natural logarithm of 6-TG concentrations (B coef-
ficient=-354.75; 95% Cl, -695.45%, -14.06%; P=0.04),
6-MP concentrations (B coefficient=-343.05; 95% Cl,

-748.88%, 62.77%; P=0.09) and a negative association
with the natural logarithm of 6-MMP concentrations (8
coefficient=-65.31; 95% Cl, -413.36%, 282.73%; P=0.70).
However, there was only a significant difference be-
tween ANC and 6-TG.

The percentage of neutrophils exhibited a negative
association with the natural logarithm of 6-TG concen-
trations (B coefficient=-3.34; 95% Cl, -6.34%, -0.33%;
P=0.03) and 6-MP concentrations (B coefficient=-2.07;
95% Cl, -6.58%, 2.44%; P=0.36) and a positive asso-
ciation with the natural logarithm of 6-MMP concen-
trations (B coefficient=0.34; 95% Cl, -3.34%, 4.03%;
P=0.85). However, there was only a significant differ-
ence between the percentage of neutrophils and 6-TG.

Moreover, it negatively associated with WBC count
and the natural logarithm of 6-TG concentrations (3 co-
efficient=-362.59; 95% Cl, -831.40%, -106.21%; P=0.12),
6-MP concentrations (B coefficient=-440.94; 95% Cl,
-960.7%, 78.81%; P=0.09), and 6-MMP concentrations
(B coefficient=-119.1; 95% Cl, -562.23%, 324.12%;
P=0.58). However, this association was not statistically
significant.
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Figure 4. Correlation of different patient characteristics, liver function, and blood counts (including WBC, ANC, and neutrophil %) with

mercaptopurine metabolites using Pearson coefficient model
WABC: White blood cell; ANC: Absolute neutrophil count.

Notes: The range of the Pearson correlation coefficient (r) is from -1 (- indicating an inverse correlation) to +1 (+ indicating a direct cor-
relation). The correlation strength is as follows: 0.1 to 0.3, small correlation; 0.3 to 0.5, medium correlation; and 0.5 to 1.0, significant

correlation.
Discussion

This study evaluated the concentrations of the me-
tabolites 6-TG and 6-MMP in RBCs using HPLC during
6-MP therapy and their relationship with neutrope-
nia and hepatotoxicity in the maintenance treatment
of childhood ALL. Our results indicate that the WBC,
neutrophils, and ANC levels among patients were sig-
nificantly different between the study groups. High con-
centrations of 6-TG and 6-MMP were associated with
neutropenia among patients. Mercaptopurine is an
antineoplastic and immunosuppressive agent predomi-
nantly used to treat autoimmune diseases and certain
neoplasms, such as leukemia [23]. The majority of its
adverse effects are caused by metabolites, which may
be responsible for serious complications like neutro-
penia and even hepatotoxicity [24]. Mercaptopurine is
metabolized in the body into several compounds; the
most significant are 6-MMP and 6-TG [25].

6-TG is an active metabolite of mercaptopurine that
functions as an anticancer agent. However, excessive
accumulation of 6-TG in the body can result in neutro-
penia. By affecting the bone marrow, this metabolite
reduces the production of WBC [26]. Genetic variability
in mercaptopurine-metabolizing enzymes, TPMT, and
nudix hydrolase 15 (NUDT15) may dramatically impact
the occurrence of neutropenia [27, 28]. Genetic muta-
tions in the TPMT and NUDT15 are also associated with
an increased risk of neutropenia. These mutations can
lead to the accumulation of the active metabolite 6-TG,
increasing the risk of developing neutropenia [28, 29].
In this study, 6-TG concentrations showed an inverse
correlation with ANC, WBC, and neutrophil count. The
concentrations of 6-TG and 6-MMP were positively cor-
related with ALT. These results indicate a relationship
between myelosuppression to high levels of 6-TG and
hepatotoxicity with high levels of 6-TG and 6-MMP [30,
31].
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Confirmed and previously published [32], there is an
association between ANC and neutropenia with ele-
vated 6-TG levels. In line with the findings of our study,
Wong et al. reported a similar relationship between
6-TG levels and neutropenia [33]. In contrast, another
study has not found a relationship between concentra-
tions of 6-TG and 6-MMP metabolites and myelotoxicity
or hepatotoxicity [34]. Abdelsayed et al. confirmed the
inverse correlation between WBC, neutrophils count,
and ANC with 6-TG concentration, further establishing
the association of 6-TG with myelotoxicity [35]. High
levels of 6-TG are associated with reduced production
of WBCs and neutrophils, leading to neutropenia [30].
Indeed, this relationship is supported by various stud-
ies that show that thiopurine metabolites can be incor-
porated into DNA [36]. This event may be mediated by
incorporating 6 TG into DNA and RNA, which interferes
with cellular processes, ultimately leading to decreased
hematopoiesis in the bone marrow [37, 38]. A previous
study identified a strong relationship between the me-
tabolites of 6-MP and the incidence of neutropenia and
hepatotoxicity. Elevated levels of 6-MMP and 6-TG are
significantly associated with hepatotoxicity and neutro-
penia, respectively [39]. Moreover, an inverse correla-
tion has been reported between the lymphocyte count
and the level of 6-TG in erythrocytes of Crohn’s disease
patients [40].

A previous study has also provided valuable insights
into the concentrations of 6-TG and 6-MMP in pediatric
patients with inflammatory bowel disease, which are
linked to various biochemical abnormalities, including a
reduction in WBC and neutrophil counts, as well as an
increase in ALT levels, respectively [41].

In the present study, we observed that reduction of
WBC and ANC were also associated with 6-MP and
6-MMP concentrations. Meijer et al. attributed thio-
purine-induced myelotoxicity to increased levels of
6-MMP in patients [31]. Previous studies also report
high levels of 6-MMP are associated with hepatotoxicity
[42]. While 6-MMP is known to contribute to neutro-
penia, its association with hepatotoxicity has garnered
more attention [43]. Elevated levels of 6-MMP can re-
sult in adverse effects, particularly in patients with de-
ficiencies in metabolizing enzymes [32]. Another study
conducted among pediatric patients in the remission
phase of inflammatory bowel disease found that pa-
tients receiving 6-MP who experienced hepatotoxic-
ity had not shown 6-MMP concentrations exceeding
the toxic reference value [44]. The lack of a correlation
between 6-MP and 6-MMP concentrations with neu-
tropenia and hepatotoxicity may be influenced by the
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small number of patients experiencing these events. A
retrospective study showed that patients who did not
respond to azathioprine or 6-MP had high 6-MMP con-
centrations or an increased 6-MMP/6-TG ratio. It sug-
gests that excessive production of 6-MMP in the hepa-
totoxic metabolite could result in hepatic damage and
therapeutic failure [45]. The hepatotoxicity associated
with 6-MMP is probably related to its accumulation
due to altered metabolism of 6-MP [46]. However, we
observed a weak correlation between high 6-MMP con-
centrations and hepatotoxicity in the present study. Su-
pandi et al. reported that concentrations of 6-MMP, an
inactive metabolite, ranged from 28 to 499 pmol/8x108
erythrocytes, lower than the hepatotoxic range [47]. In
some reports, patients with hepatotoxicity did not con-
stantly show high concentrations of 6-MMP [48]. While
elevated 6-MMP levels (>5700 pmol/8x10® RBC) have
been correlated with hepatotoxicity, [32], it is notable
that other factors may contribute to hepatotoxicity, and
elevated 6-MMP levels alone might not serve as a de-
finitive agent.

This study had limitations, such as the small sample
size and the inability to coordinate with all patients to
take their last night’s dose at a specific and fixed time. It
was also challenging to maintain uniform temperature
conditions throughout the process, from sampling to
injection into the HPLC device. This consistency was not
achievable for all samples.

Maintaining a constant sample storage temperature is
recommended. Additionally, if feasible, it would be pre-
ferred that patients who receive 6-MP from the same
brand should be included in the study.

Conclusion

Our results show a strong negative association be-
tween high concentrations of 6-TG and WBC counts,
neutrophil counts, and ANC. Additionally, a positive
relationship was observed between the levels of me-
tabolites of 6-TG and 6-MMP and hepatotoxicity. The
results presented in this study support the proposed im-
portance of monitoring the concentrations of 6-TG and
6-MMP metabolites in RBC during maintenance thera-
py. Monitoring the concentrations of active metabolites
of 6-MP in RBC enables early identification of patients
at increased risk of disease relapse due to inadequate
levels of both metabolites. Confirming this conclusion
requires further studies involving a larger group of chil-
dren from various medical centers.
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