
Introduction 

Crohn’s disease (CD) is a chronic inflammatory bowel disease, 
which can affect the entire gastrointestinal (GI) tract [1]. Approxi-
mately 25% of patients with CD are diagnosed < 20 years; more-
over, the incidence of CD has notably increased in children [1-4]. 
Pediatric-onset CD is known to have a more aggressive disease 
course than that of adult-onset CD, requiring an early introduction 
of immunomodulators and/or anti-tumor necrosis factor (an-
ti-TNF) agents [5,6]. 

Thiopurines, namely azathioprine (AZA) and 6-mercaptopu-
rine (MP), are among the most widely used immunomodulators 
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for the treatment of pediatric CD [7]. They are usually used as a 
monotherapy or combination therapy with an anti-TNF agent [7]. 
However, thiopurine-related adverse events, such as leukopenia, 
have been frequently reported in patients with CD, particularly in 
Asian patients [8,9]. Moreover, some patients develop severe 
life-threatening leukopenia during early thiopurine therapy [9-11]. 

Although mutations in the TPMT gene has been considered the 
major factor associated with leukopenia in Western countries, the 
life-threatening thiopurine-induced early leukopenia could not be 
explained by TPMT gene polymorphisms alone in Korean pa-
tients because the incidence of TPMT variants in the Korean pop-
ulation is lower than that in the Caucasian populations [12]. How-
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ever, a recent genome-wide association study has shown that thio-
purine-induced early leukopenia is strongly associated with a com-
mon missense variant of the NUDT15 gene encoding R139C in 
Koreans [10]. Therefore, NUDT15 genotyping is recommended 
before thiopurine treatment to identify patients susceptible to thio-
purine-induced early leukopenia, particularly in Asians [13]. How-
ever, its application in real life is still limited owing to its high costs. 

We report a case of a 12-year-old girl with CD, in whom thiopu-
rine-induced early leukopenia was prevented by starting AZA at a 
low dose followed by discontinuation of AZA owing to significant 
hair loss and an extensive decrease in WBC count at 2 weeks after 
treatment. Genotyping later revealed that she had a homozygous 
mutation in NUDT15 R139C. 

Case 

This study was approved by the Institutional Review Board (IRB)  
of Kyungpook National University Chilgok Hospital (IRB No: 
2020-05-001). 

A 12-year-old Korean girl was admitted due to abdominal pain 
and diarrhea for 3 months. She also had weight loss of 8 kg during 
this period without any decrease in her growth velocity. Past medi-
cal history of the patient and family was unremarkable. 

On admission, her vital signs were stable and within normal lim-
its. Abdominal tenderness without rebound tenderness was evi-
dent in the right lower quadrant. An anal fissure and perianal skin 
tag were also observed on physical examination. Her sexual matu-
rity was Tanner stage 4. Initial laboratory tests showed a WBC 
count 10,680/μL, hemoglobin 11.1 g/dL, platelet count 694,000/
μL, erythrocyte sedimentation rate (ESR) 77 mm/hr, C-reactive 

protein (CRP) 8.3 mg/dL, and albumin 3 g/dL. Stool occult 
blood test was positive, and fecal calprotectin level was > 2,000 μg/
g. No pathogens were detected on stool culture and stool poly-
merase chain reaction (PCR). Ileocolonoscopy revealed skipped 
lesions of small to very large ulcers from the terminal ileum to the 
rectum (Fig. 1). Small aphthous ulcers were also observed in the 
esophagus and stomach on upper GI endoscopy. Cryptitis and 
crypt abscesses were observed throughout the terminal ileum and 
colon on histology; however, the acid-fast bacillus smear and cul-
ture, as well as PCR for tuberculosis were negative. Magnetic reso-
nance enterography (MRE) revealed multiple skipped lesions 
throughout the ileum and colon without evidence of stenosing or 
fistulizing complications in the abdomen. Supplementary pelvic 
magnetic resonance imaging conducted with the MRE showed T2 
hyperintensity at the 1 o’clock and 12 o’clock intersphincteric area 
without evident tract-like structures. Chest radiography showed no 
abnormal findings in the lungs, and the interferon-gamma release 
assay was negative. The patient was diagnosed with CD with a phe-
notype of A1b, L3+L4ab, B1, G0 according to the Paris classifica-
tion. Her pediatric Crohn’s disease activity index (PCDAI) score 
was 60, and simple endoscopic score for CD (SES-CD) was 31. 

Treatment was started with exclusive enteral nutrition (EEN), 
mesalazine, and AZA. AZA was initiated at a dose of 17 mg/day 
(0.5 mg/kg/day). The patient was discharged 10 days after admis-
sion. Her laboratory examinations conducted on the day of dis-
charge showed a WBC count 8,970/μL, hemoglobin 9.7 g/dL, 
platelet count 584,000/μL, ESR 65 mm/hr, CRP 0.1 mg/dL, and 
albumin 3.2 g/dL. Her PCDAI score was 40. 

A follow-up was conducted at the outpatient clinic 2 weeks after 
discharge. Her laboratory exams revealed a WBC count 3,370/μL, 

A B

Fig. 1. Endoscopic images at diagnosis. Multiple ulcers of various sizes are noted in the terminal ileum (A) and colon (B).
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hemoglobin 10.2 g/dL, platelet count 402,000/μL, ESR 11 mm/
hr, CRP 0.04 mg/dL, and albumin 4.1 g/dL. Her GI symptoms 
improved, and PCDAI score was 15. However, she complained of 
significant hair loss. Owing to the hair loss and extensive decrease 
in WBC counts, AZA was discontinued because of concerns of po-
tential thiopurine-induced leukopenia in the near future. The re-
sults of TPMT and NUDT15 gene analysis conducted during her 
first admission were pending. 

After 3 weeks, her laboratory examinations showed a WBC count 
5,120/μL, hemoglobin 12.7 g/dL, platelet count 285,000/μL, ESR 5 
mm/hr, CRP 0.01 mg/dL, and albumin 4.4 g/dL (Fig. 2). Her PC-
DAI score was 0, and her hair loss improved. TPMT  and NUDT15 
gene analysis revealed TPMT *1/*1 genotype (normal metabolizer) 
and a homozygous mutation in NUDT15 R139C comprising a 
diplotype of NUDT15 *3/*3 (poor metabolizer), respectively. 

EEN was continued for 2 additional weeks (a total of 8 weeks). 
Oral methotrexate was started at a dose of 12.5 mg/week as an al-
ternative immunomodulatory therapy to AZA. She maintained 
clinical remission (PCDAI < 10) with methotrexate and mesala-
zine treatment. However, after 4 months, her symptoms relapsed, 
and infliximab was started. Currently, she is maintaining clinical re-
mission with infliximab, methotrexate, and mesalazine for more 
than 1 year, and ileocolonoscopy performed 1 year after infliximab 
initiation revealed mucosal healing (SES-CD, 0). 

Discussion 

In this case, we were able to observe that thiopurine-induced early 

leukopenia could be prevented in patients with homozygous muta-
tions in NUDT15 R139C (NUDT15 poor metabolizers) without 
knowledge of the results for NUDT15 gene analysis by starting 
AZA therapy at low doses with short-term monitoring of WBC 
counts and close observation of the associated symptoms, such as 
hair loss. 

Thiopurines are among the most commonly used immunomod-
ulators for the treatment of pediatric CD [7]. The recommended 
doses of AZA and 6-MP for the treatment of pediatric CD are 
2–2.5 mg/kg/day and 1–1.5 mg/kg/day, respectively, in patients 
with normal TPMT metabolism [7]. Although treatment is usually 
started at these doses in Western countries, adult gastroenterologists 
in Asian countries tend to use a dose-escalating strategy by starting 
AZA therapy at low doses of 0.5–1 mg/kg/day and then increasing 
the dose gradually to the target dose along with close monitoring of 
the laboratory results and potential adverse events in 1–2-week in-
tervals during the first 2 months of treatment [13-15]. This differ-
ence in AZA dosing regimens in real-life practice in Asian countries 
is mainly attributed to the high incidence of thiopurine-induced 
leukopenia in Asian patients even at lower doses than those used in 
Western countries [8,10]. Although this thiopurine dose-escalating 
strategy is popular among adult gastroenterologists in Asia, many 
pediatric gastroenterologists in Asia still prescribe AZA therapy at 
initial doses of 2–2.5 mg/kg/day, which are associated with a high 
incidence of thiopurine-induced leukopenia. 

The high incidence of this life-threatening adverse event in 
Asian populations cannot be explained by variants in the TPMT 
gene, the major genetic factor associated with thiopurine-induced 
leukopenia in Caucasian populations, because the frequency of 
TPMT mutations in Asians (1%−3%) is lower than that in Cauca-
sians (10%) [16]. Moreover, Yang et al. [10] showed a variant in 
the NUDT15 gene, R139C, was the major factor associated with 
thiopurine-induced early leukopenia in Korean patients. This 
NUDT15 variant showed a strong association with thiopurine-in-
duced early leukopenia ( < 8 weeks after treatment) in Koreans 
with an odds ratio of 35.6 [10]. Further studies have shown that 
the frequency of NUDT15 mutations is extremely rare in Europe-
an populations, where 0.5% and 0% are NUDT15 intermediate 
and poor metabolizers, respectively, whereas in Asian populations, 
22%–28% and 2%–3% are NUDT15 intermediate and poor me-
tabolizers, respectively [17,18]. Moreover, early leukopenia of 
grade 3 (WBC count, 1,000–1,999/μL) or grade 4 (WBC 
count < 1,000/μL) was observed in patients with homozygous 
NUDT15 R139C mutations even at low initial AZA doses (0.5–1 
mg/kg/day) within 8 weeks after initiation of AZA treatment 
[14,15]. Therefore, NUDT15 genotyping is currently recom-
mended before thiopurine treatment to identify patients who are 

Fig. 2. Changes in white blood cell counts after the initiation and 
discontinuation of azathioprine in the patient. AZA, azathioprine; 
WBC, white blood cell.

AZA 0.5 mg/kg/day

W
BC

 c
ou

nt
 (

/μ
L)

Duration from AZA start (day)

12,000

10,000

8,000

6,000

4,000

2,000

0
-7

10,680

8,970

3,370

5,120

+3 +17 +38

Initiation Discontinuation

https://doi.org/10.12701/yujm.2020.00178334

Bae J et al.  Preventing thiopurine-induced early leukopenia in Asian children with Crohn’s disease



NUDT15 poor metabolizers and consider the use of an alternative 
immunomodulatory therapy in those susceptible to thiopurine-in-
duced early leukopenia [19]. For NUDT15 intermediate metabo-
lizers, it is recommended to start with AZA doses of 0.6–2.4 mg/
kg/day, and adjust the doses based on the degree of myelosuppres-
sion [19]. 

However, the application of NUDT15 genotyping in real-life 
practice is limited mainly owing to its high cost. Additionally, the re-
sults of NUDT15 genotyping might be still unavailable at the time 
of thiopurine therapy initiation, as in the current case. We have been 
conducting both NUDT15 and TPMT genotyping in patients who 
are scheduled for AZA treatment at our center since 2017. Howev-
er, it usually takes approximately 1 month for the test results to 
come out. The case reported here presented with severe disease ac-
tivity with a PCDAI score, 60 and SES-CD, 31; therefore, AZA 
therapy was initiated at a dose of 0.5 mg/kg/day on the day after di-
agnosis along with EEN without waiting for the NUDT15 genotyp-
ing results. A surprisingly massive decrease in WBC count (by 
6,600/μL) within a 2-week treatment period with AZA at 0.5 mg/
kg/day was observed. Similarly, Asada et al. [14] reported a median 
decrease in WBC count by 4,550/μL within 2 weeks of AZA treat-
ment at doses of 0.75 mg/kg/day in NUDT15 poor metabolizers. 
Hair loss was another clue that the extensive decrease in WBC 
count was associated with AZA treatment. Alopecia is commonly 
observed prior to thiopurine-induced leukopenia in Asian patients 
[11,14,15,20]. Therefore, the presence of both an extensive de-
crease in WBC count within 2 weeks after thiopurine therapy initia-
tion and significant hair loss could be an indicator for thiopurine-in-
duced early leukopenia in patients with CD. 

In conclusion, we report a case of a 12-year-old Korean girl with 
CD, in whom thiopurine-induced leukopenia was prevented by initia-
tion of AZA therapy at a low dose (0.5 mg/kg/day) followed by dis-
continuation of AZA owing to significant hair loss and an extensive 
decrease in WBC count at 2 weeks after treatment. Genotyping later 
revealed that she had a homozygous mutation in NUDT15 R139C 
(NUDT15 poor metabolizer). Pediatric gastroenterologists should 
keep in mind that in situations when NUDT15 genotyping is unavail-
able, initiation of AZA therapy at 0.5 mg/kg/day with close monitor-
ing of hair loss and WBC counts within 2 weeks may be an alternative 
way to prevent thiopurine-induced early leukopenia in Asian children 
with CD. 
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