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ABSTRACT 1 

Background & Aims:  Thiopurine-related myelosuppression (most frequently leukopenia) 2 

interferes with thiopurine therapy for patients with inflammatory bowel diseases (IBD). We 3 

investigated whether pretreatment analyses genetic variants associated with thiopurine-4 

induced leukopenia could be used to effectively identify patients who required dose 5 

adjustments. 6 

Methods: We performed a multicenter, prospective study of patients with IBD at 5 tertiary 7 

medical centers in Korea, from January 2016 through September 2018. Seventy-two patients 8 

were randomly assigned to a group that underwent genotype analysis for the NUDT15 variant 9 

(rs116855232) and FTO variant (rs79206939) and 3 common TPMT variants (rs1800460, 10 

rs1800462, rs1142345) associated with myelosuppression and 92 patients were assigned to a 11 

group that did not undergo genotype analysis (non-genotyping group). Patients heterozygous 12 

for any variant received 50 mg azathioprine equivalents, whereas those who were 13 

homozygous for any variant received alternative drugs. Patients who did not carry any of the 14 

genetic variants and patients in the non-genotyping group received 50 mg azathioprine 15 

equivalents followed by dose escalation up to 2–2.5 mg/kg. Myelosuppression was defined as 16 

white blood cell counts below 3000/µL, levels of hemoglobin 10 g/dL, or platelet counts 17 

below 100 K/µL. 18 

Results: Twelve patients (16.7%) in the genotype analysis group and 33 patients (35.9%) in 19 

the non-genotyping group developed myelosuppression (P=.005). A multivariate analysis 20 

revealed that body mass indices above 21 kg/m2 (hazard ratio [HR], 0.43; 95% CI, 0.22–0.81; 21 

P = .009), pretreatment genotype analysis (HR, 0.37; 95% CI, 0.18–0.77; P = .008), and the 22 

maximum dose of thiopurines (HR, 0.34; 95% CI, 0.19–0.59; P < .001) independently 23 
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decreased risk of myelosuppression. Pretreatment genotype analysis reduced numbers of 1 

outpatient clinic visit and numbers of patients with drug discontinuation or dose reductions. 2 

Conclusions: In a randomized controlled study of patients undergoing thiopurine therapy for 3 

IBD, we found that selection of therapy based on genetic variants associated with thiopurine-4 

induced leukopenia significantly reduced the proportion of patients with myelosuppression 5 

during treatment. ClinicalTrials.gov no: NCT03719118. 6 

Keywords: immune modulator; adverse drug reaction; genetic risk factor; metabolism 7 
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Introduction 1 

Thiopurines are widely used as key drugs to maintain long-term remission in patients with 2 

inflammatory bowel disease (IBD).1, 2 Although these drugs are undoubtedly effective in IBD 3 

treatment, drug-related adverse events frequently interfere with their use in daily clinical 4 

practice. One of the most common, and potentially serious, side effects is myelosuppression,3, 5 

4 which might increase the risk of infection and mortality.1, 3 6 

Leukopenia is the most common form of thiopurine-induced myelosuppression.1, 5 Most 7 

cases of severe leukopenia develop within the first month of therapy6; however, it may occur 8 

at any time during the treatment, with reports ranging from 12 days7 to 27 years.8 In addition, 9 

leukopenia could develop abruptly without any warning symptoms or signs.3 The incidence 10 

of thiopurine-induced leukopenia is estimated as 5% in Caucasian IBD patients,3, 9, 10 whereas 11 

a higher incidence has been reported in East Asian populations, including Koreans (31.2%–12 

39.6%),11, 12 Chinese (15.6%),13 and Japanese (20.8%).14 Ethnic differences in the incidence 13 

of thiopurine-induced leukopenia may relate to differences in polymorphisms of genes 14 

regulating thiopurine metabolism. 15 

Thiopurines, azathioprine (AZA) and 6-mercaptopurine (6-MP) are prodrugs that undergo 16 

intracellular enzymatic modifications leading to the formation of active metabolites.15 The 17 

synthetic pathway of the active metabolites is in competition with inactivation pathways 18 

mediated via xanthine oxidase or thiopurine S-methyltransferase (TPMT).15 Thus, patients 19 

with the TPMT mutation, which decreases enzymatic activity, are at increased risk of 20 

thiopurine-induced leukopenia. However, pretreatment assessment of TPMT 21 

genotype/phenotype has a limited value in East Asian patients, considering the lower 22 

frequency of TPMT mutations in this population (1-3%)12, 16-18 compared to that in 23 

Caucasians (~10%).19 However, Asians have a higher incidence of thiopurine-induced 24 
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leukopenia. Furthermore, the efficacy of testing for the TPMT mutation remains controversial, 1 

because only one-quarter of IBD patients who developed thiopurine-induced leukopenia were 2 

associated with the TPMT mutation.6, 20 3 

In an effort to overcome the limitations of TPMT genotyping tests and to identify 4 

additional genetic determinants of thiopurine-induced leukopenia, a recent study reported a 5 

strong association between NUDT15 p.R139C and early leukopenia in Korean Crohn’s 6 

disease patients.16 However, NUDT15 p.R139C could not explain late leukopenia.21 In line 7 

with previous studies, we determined that the hypomorphic FTO p.A134T variant, which 8 

reduced FTO activity by 65%, was associated with thiopurine-induced leukopenia, and this 9 

was further validated in two replication cohorts. The frequency of FTO p.A134T was higher 10 

in Koreans (5.1%) compared to Western populations (0.1%).5 However, there have been no 11 

studies to our knowledge that prospectively evaluate the usefulness of pretreatment 12 

genotyping for NUDT15 and FTO. 13 

In this prospective study, we aimed to evaluate the usefulness of pretreatment genotyping 14 

for three genes (NUDT15, FTO, and TPMT), followed by adjusted dosing based on the results 15 

of genotyping to reduce the incidence of thiopurine-induced myelosuppression in patients 16 

with IBD.  17 

 18 
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Materials and Methods 1 

Patient enrollment 2 

We conducted a multicenter, prospective, randomized controlled study to evaluate the 3 

efficacy of pretreatment genotyping testing in preventing thiopurine-related 4 

myelosuppression in IBD patients at five tertiary university hospitals from January 2016 to 5 

September 2018. Eligible patients were 20–80 years old; diagnosed with IBD based on 6 

clinical, endoscopic, radiographic, and histological assessments; and planned to start 7 

thiopurines for the first time for treatment of IBD. The following patients were excluded from 8 

the study: (1) patients who had previously used thiopurines; (2) those who had abnormal 9 

laboratory findings prior to screening, including WBC count < 3,000/µL, platelet (PLT) count 10 

< 100 K/µL, or elevation of aminotransferase to more than twice the upper normal limit; (3) 11 

those who were diagnosed with other infectious diseases at the time of screening or had 12 

received antibiotics within the previous seven days; and (4) those who were pregnant or 13 

lactating. We obtained informed written consent from all patients prior to screening. The 14 

institutional review boards of all participating hospitals approved this study (IRB number: 4-15 

2015-0812) (ClinicalTrials.gov ID: NCT03719118). All authors had access to the study data 16 

and reviewed and approved the final manuscript. 17 

 18 

Study design 19 

After assessment for eligibility by gastroenterologists, patients before thiopurine treatment 20 

were randomly assigned to pretreatment genotyping (genotyping group) or conventional 21 

treatment (non-genotyping group) groups according to computer-generated randomization. 22 

Gastroenterologists and patients were not blinded in this study. The patients assigned to the 23 

intervention group underwent pretreatment genotyping for three common TPMT variants 24 
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(rs1800460 [exon 6], rs1800462 [exon 4], and rs1142345 [exon 9]), one NUDT15 variant 1 

(rs116855232 [exon 3]), and one FTO variant rs79206939 [exon 3]), which were found to 2 

have associations with thiopurine-induced leukopenia in our previous study.5 Patients who 3 

carried any heterozygotic variants received 50 mg AZA or 25 mg 6-MP, while those who had 4 

any homozygotic variants were recommended alternative drugs instead of thiopurines. 5 

Patients who did not carry any genetic variants in the genotyping group or those who were 6 

assigned to the non-genotyping group received standard doses of thiopurines based on the 7 

conventional regimen. This conventional regimen starts with 50 mg of AZA, and then the 8 

dose is increased to 2.0–2.5 mg/kg by 25 mg every 1–2 weeks along with regular monitoring 9 

of general blood tests including WBC counts.22, 23  10 

Physicians could freely choose either AZA or 6-MP at the initiation of treatment. The 6-11 

MP dosage in mg/kg bodyweight was converted to an equivalent pharmaceutical dose of 12 

AZA by multiplying it by 2.08, a conversion factor, assuming 100% bioavailability.24 During 13 

the thiopurine therapy, dose reduction or discontinuation of drugs was decided based on the 14 

results of blood tests and the physician’s judgment, as in the standard clinical practice.  15 

Hematological parameters were assessed at baseline, week 1, week 2 or 3, and at two- 16 

week intervals within the first three months or in the case of dose elevation. After the first 17 

three months of treatment, blood tests were performed every two or three months according 18 

to the physicians’ decisions.  19 

Among the patients allocated into the non-genotyping group, those who agreed to further 20 

genotyping underwent genotyping studies. The physicians and patients were blinded to this 21 

pharmacogenetic information, and it was only used to evaluate the influences of individual 22 

mutation types on myelosuppression in our further analysis. 23 

 24 
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Study outcomes and assessment  1 

The primary study endpoint was cumulative incidence of myelosuppression based on 2 

genotyping results. The secondary endpoints were the factors associated with 3 

myelosuppression; overall drug-related adverse events including pancreatitis, hepatotoxicity, 4 

general side effects (dizziness, malaise, general ache, or fever), gastrointestinal side effects 5 

(nausea, vomiting, abdominal discomfort, or reduced appetite), dermatologic side effects, and 6 

myalgia or arthritis; cumulative dose of thiopurines; and discontinuation of thiopurines. 7 

Myelosuppression was defined as reduction of bone marrow activity leading to 8 

leukopenia, anemia, or thrombocytopenia. Leukopenia was defined as WBC < 3,000/µL, 9 

thrombocytopenia as PLT < 100 K/µL, and anemia as hemoglobin < 10 g/dL with a decrease 10 

of hemoglobin of greater than 2 g/dL compared with the level at screening and not consistent 11 

with iron deficiency anemia or hypochromic microcytic anemia.24  12 

The demographic and clinical data were collected through interviews or by reviewing the 13 

medical records at the time of screening. During the follow-up period, clinical information 14 

including drug compliance, complications, and changes of medication was assessed at every 15 

visit.  16 

Patients who had stable disease course and continuous thiopurine therapy without adverse 17 

drug reactions were followed-up for one year after thiopurine initiation. In patients who 18 

discontinued thiopurines because of ineffectiveness or intolerance, the interval between onset 19 

and discontinuation of thiopurines was defined as the follow-up period. 20 

 21 

Genotyping  22 

Genomic DNA from the patients was isolated from whole blood using commercially 23 

available kits (Qiagen, Chatsworth, CA, USA). Genotyping of the five loci, rs1800460 24 
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(TPMT exon 6), rs1800462 (TPMT exon 4), rs1142345 (TPMT exon 9), rs116855232 1 

(NUDT15 exon 3), and rs79206939 (FTO exon 3), was performed using Sanger sequencing 2 

by an Applied Biosystems 3730 genetic analyzer (Foster City, CA, USA).  3 

 4 

Statistical analysis  5 

We assumed a minimum odds ratio of 3.0 to detect a difference, a 1:1 ratio of case and 6 

control, a power of 0.80, and a 5% probability of Type I error (Alpha risk) for sample size 7 

calculation. The exposed proportion of risk factor in the control group was 13%. The 8 

calculation yielded a sample size of 83 per group. A total of 183 subjects should be 9 

randomized to allow 10% of patients to be excluded from the study population. 10 

All statistical analyses were carried out using SPSS version 22.0 (SPSS Inc., Chicago, IL, 11 

USA). Student’s t-test was used for continuous variables, and the chi-square test, Fisher’s 12 

exact test, or linear-by-linear association was used for categorical variables. The Kaplan-13 

Meier method and the log-rank test were performed to evaluate study outcomes between the 14 

intervention and control groups or between the heterozygote or homozygote group and the 15 

normal group. Moreover, multivariate Cox regression analysis was used to identify 16 

independent predictive factors for thiopurine-related adverse events. P-values less than 0.05 17 

were considered statistically significant. 18 
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Results 1 

Baseline characteristics of enrolled patients 2 

Out of 182 subjects, 87 were randomized to the genotyping and 95 to the non-genotyping 3 

group according to a computer-generated four-block permuted randomization table prepared 4 

by an independent statistician who was not involved in this study. Because of the four-block 5 

scheme, there was an imbalance in the number of patients between the two groups. After 6 

excluding 18 subjects (consent withdrawal: 2; homozygotes: 4; no initiation of thiopurines: 7 

11; loss to follow-up before treatment: 1), the treatment population consisted of 72 subjects in 8 

the genotyping group and 92 in the non-genotyping group (Figure 1). The baseline 9 

characteristics of both groups are summarized in Table 1. 10 

 11 

Incidence of thiopurine-induced myelosuppression based on genotyping  12 

Twelve patients (16.7%) in the genotyping group and 33 (35.9%) patients in the non-13 

genotyping group developed thiopurine-induced myelosuppression. The Kaplan-Meier curves 14 

showed that patients in the genotyping group had a significantly lower risk of developing 15 

thiopurine-induced myelosuppression (P = .005) (Figure 2A) as well as leukopenia (P = .006) 16 

(Figure 2B) compared with those in the non-genotyping group. In the first three months, the 17 

non-genotyping group also had higher incidence of myelosuppression (26.3% vs. 7.7%, P 18 

=.008) and leukopenia (23.7% vs. 7.7%, P =.019) compared with the genotyping group. The 19 

per protocol analysis excluding those who discontinued thiopurines due to drug-associated 20 

side effects other than myelosuppression is shown in Supplementary Figure 1. The clinical 21 

characteristics at development of thiopurine-induced myelosuppression did not differ 22 

between the two groups (Supplementary Table 1). One case of severe myelosuppression 23 

defined as WBC count less than 1500/mm3 was found in each group.  24 
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Other clinical outcomes based on genotyping 1 

Although follow-up duration or cumulative drug dosage did not show statistical difference 2 

according to genotyping, the patients in the genotyping group had a smaller number of 3 

outpatient clinic visits (7.8±3.2 vs. 9.0±3.9; P = .052) and required fewer thiopurine 4 

discontinuations or dose reductions (15.3% vs. 33.7%; P = .007) during the follow-up period 5 

(Table 2).  6 

 7 

Predictive factors associated with thiopurine-induced myelosuppression  8 

In the univariate Cox regression analysis, Crohn’s disease (P = .020) and intestinal Behçet’s 9 

disease (P = .004) increased the risk of thiopurine-induced myelosuppression, whereas BMI 10 

> 21 kg/m2 (P = .053), higher maximum dosage of thiopurines (P = .001), and preassessment 11 

genotyping (P = .006) significantly decreased its risk. In the multivariate Cox analysis, BMI 12 

> 21 kg/m2 (hazard ratio [HR], 0.43; 95% confidence interval [CI], 0.22–0.81; P = .009), 13 

preassessment genotyping (HR, 0.37; 95% CI, 0.18–0.77; P = .008), and higher maximum 14 

dosage of thiopurines (HR, 0.34; 95% CI, 0.19–0.59; P < .001) were independent predictors 15 

for thiopurine-induced myelosuppression (Table 3). 16 

 17 

Relative risk of individual genetic mutations on myelosuppression 18 

Because 5 patients in the non-genotyping group did not agree to further gene analysis, a total 19 

of 159 patients was genotyped for further analysis (Supplementary Table 2). The relative risks 20 

of any mutation, NUDT15 mutation, and FTO mutation during thiopurine treatment are 21 

shown in Supplementary Figure 2. Patients with any genetic mutation (HR, 2.77; 95% CI, 22 

1.47–5.21; P = .002) and those with a NUDT15 mutation (HR, 3.63; 95% CI, 1.87–7.05; P 23 

< .001) had a significantly higher probability of myelosuppression compared with those 24 
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without any mutations. Although patients with FTO mutation did not exhibit a statistically 1 

significant difference, the curve suggested that FTO mutation is related to a numerically 2 

higher risk of late-onset myelosuppression (HR, .92; 95% CI, 0.22–3.98; P = .921). 3 

 4 

Other thiopurine-associated complications according to preassessment genotyping 5 

Gastrointestinal complications, including nausea or vomiting, were the most common side 6 

effects and were reported by 18 (25.0%) patients in the genotyping group and 24 (26.1%) 7 

patients in the non-genotyping group. There was no statistical difference between the two 8 

groups (P = .874). The incidences of hepatotoxicity, pancreatitis, or alopecia also showed no 9 

statistical differences according to genotyping status. 10 



 

15 

 

Discussion 1 

In this study, we for the first time found that a tailored therapy based on pretreatment 2 

genotyping of one NUDT15 variant (rs116855232), one FTO variant (rs79206939), and three 3 

common TPMT variants (rs1800460, rs1800462, rs1142345) was effective to reduce 4 

thiopurine-related myelosuppression. Pretreatment genotyping also contributed to reduce the 5 

numbers of outpatient clinic visits and patient with thiopurine discontinuation or dose 6 

reduction during thiopurine administration. Regarding the influence of each individual 7 

genotype mutation on myelosuppression risk, patients with a NUDT15 mutation had a higher 8 

probability of myelosuppression, but those with FTO or TPMT mutations did not.  9 

Despite the proven efficacy of thiopurines, a high incidence of myelosuppression in East 10 

Asian patients, including Koreans, has led to limited clinical use. As part of an effort to find a 11 

genetic polymorphism of enzymes involved in thiopurine metabolism, a Korean study group 12 

found that NUDT15 p.R139C increases the risk of thiopurine-induced early leukopenia, with 13 

an odds ratio of 35.6 and high sensitivity (89.4%) and specificity (93.2%) in Korean Crohn’s 14 

disease patients.16 Also, our group recently identified a novel genetic variant, FTO p.A134T, 15 

associated with increased susceptibility to thiopurine-induced leukopenia, using high-16 

throughput sequencing.5 Based on these results, this study was planned to validate the value 17 

of the pretreatment genotyping test and provide the ideal protocol for thiopurine 18 

administration to patients with IBD.   19 

In this study, we demonstrated that pretreatment genotyping could significantly reduce 20 

thiopurine-induced myelosuppression or leukopenia, and this effectiveness was confirmed 21 

when other variables were adjusted. In the multivariate Cox regression analysis, lower BMI, 22 

lower maximum dosage of thiopurines, and absence of genotyping were associated with a 23 

higher risk of myelosuppression. Obesity affects the distribution, clearance, and half-life of 24 
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elimination of many types of medications.25 Obese patients had a higher incidence of 1 

flares in ulcerative colitis while receiving azathioprine,26 poor clinical outcomes with 2 

infliximab,27 and a greater need for adalimumab dose escalation.28 Furthermore, inverse 3 

relationship between BMI or body fat index and 6-TGN level has been reported.28 These 4 

findings indicate that adipose tissue distribution of thiopurines can affect drug efficacy or 5 

side effects.  6 

Myelosuppression is a dose-dependent adverse reaction, and the median dosage of 7 

azathioprine at the time of myelosuppression was reported as 1.3–1.7 mg/kg/day16, 21 in 8 

Asian populations, which is similar to that of our study (1.2 mg/kg in the genotyping 9 

group and 1.6 mg/kg in the non-genotyping group). However, in our Cox regression 10 

analysis, the incidence of myelosuppression was negatively correlated with the maximum 11 

dosage of thiopurines. This inverse correlation could be explained by our inherent study 12 

design. In this study, the patients with a tendency toward myelosuppression were not 13 

allowed to increase their thiopurine dosage even before development of actual 14 

myelosuppression, based on the physicians’ decisions. On the other hand, those who were 15 

thought to be less likely to develop myelosuppression could increase thiopurines up to the 16 

maximum dose (Supplementary Table 3).  17 

Pretreatment genotyping was also found to decrease the number of thiopurine 18 

discontinuations or dose reductions. Considering that approximately 20% of patients had 19 

to discontinue thiopurines due to side effects,29 pretreatment genotyping could also 20 

contribute to reduce medical budget and subsequent laboratory tests, which are generally 21 

required to monitor serious adverse events and ensure continuity of thiopurine treatment. 22 

Although we did not compare the actual medical costs of treating myelosuppression, such 23 

as admission, use of antibiotics, or transfusions, between the two groups, considering that 24 
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approximately 49% of myelosuppression was associated with one of the three mutations in 1 

our study, the pharmaco-economic value of prevention of myelosuppression based on 2 

pretreatment genotyping would be even more significant compared with that of TPMT 3 

polymorphism screening.  4 

In our previous study, we provided a potential role of FTO as a predictor of thiopurine-5 

induced myelosuppression in replication cohorts as well as in vivo experiments. However, we 6 

could not find a statistically significant association between myelosuppression risk and FTO 7 

mutation, whereas NUDT15 mutation significantly increased the risk of myelosuppression. 8 

The small number of patients with FTO mutations and the relatively short follow-up period 9 

were thought to be possible causes of this lack of significance and are limitations of this study. 10 

Thus, further evaluation with a larger number of patients is needed.  11 

This study is valuable as the first to confirm the usefulness of pretreatment genotype 12 

testing through a prospective multicenter trial. Our data could contribute to establishing a 13 

systemic database of functional mutations associated with thiopurine-induced adverse 14 

reactions that sequentially leads to optimization of thiopurine therapy.  15 

Based on our results, we propose the following protocol for the dosing of thiopurines in 16 

IBD patients (Figure 3). It would be beneficial to avoid the use of thiopurines in patients with 17 

any homozygotic mutations of these three genes. In particular, patients with NUDT15 18 

homomutations should not receive thiopurine therapy. For patients with any heterozygotic 19 

mutations of the three genes, the initial dosage of 50 mg of azathioprine equivalents with 20 

maintenance of any stable dose is recommended. For patients without any variants, the 21 

conventional regimen (initial dose of 50 mg azathioprine equivalents followed by dose 22 

escalation up to 2–2.5 mg/kg at two-week intervals) would be appropriate.  23 
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In conclusion, our prospective multicenter study identified a tailored therapy based on 1 

pretreatment genotyping as useful to reduce the risk of thiopurine-induced 2 

myelosuppression in patients with IBD. Among the three genetic polymorphisms, 3 

NUDT15 had the best predictive power for thiopurine-induced myelosuppression 4 

compared with FTO or TPMT. Personalized therapy based on individual 5 

pharmacogenomic information would be beneficial for safe use of thiopurines by 6 

minimizing thiopurine-induced myelosuppression in IBD patients. Further multi-ethnic 7 

and long-term prospective studies enrolling larger numbers of patients are required to 8 

delineate the myelosuppression risks associated with the genetic mutations. 9 
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Figure Legends 1 

Figure 1. Flow chart of study subject enrollment. 2 

Figure 2. ITT analysis: cumulative risks of myelosuppression according to genotyping. 3 

Patients in the genotyping group had significantly lower risk for developing thiopurine-4 

induced myelosuppression (A) as well as leukopenia (B). 5 

Figure 3. The proposed guidelines for optimal dosage of thiopurines.  6 
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Supplementary Figure Legends 1 

Supplementary Figure 1. PP analysis: cumulative risks of myelosuppression (A) and 2 

leukopenia (B) according to genotyping. 3 

Supplementary Figure 2. Cumulative risks of myelosuppression according to individual 4 

pharmacogenomic information. Patients with any genetic mutation (A) and NUDT15 5 

mutation (B) had a significantly higher probability of myelosuppression compared with those 6 

without any mutation, whereas patients with FTO mutation (C) had no statistical difference. 7 
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Table 1. Baseline characteristics of enrolled patients  

 Genotyping (+) (n = 72) Genotyping (-) (n = 92) P value 

Age (years) 39.7±15.9 37.7±17.1 .441 

Male sex 49 (68.1) 49 (53.5) .055 

BMI (Kg/m2) 21.7±3.2 20.9±3.4 .114 

Family history of IBD  5 (6.9) 3 (3.3) .301 

Smoking   .275 

Current 9 (12.5) 5 (5.4)  

Ex-smoker 16 (22.2) 22 (23.9)  

Never 47 (65.3) 65 (70.7)  

Alcohol   .073 

Heavy 3 (4.2) 0 (0)  

Social 29 (40.3) 31 (33.7)  

None 40 (55.6) 61 (66.3)  

Disease type   .606 

Ulcerative colitis 29 (40.3) 39 (42.4)  

Crohn’s disease 41 (56.9) 44 (47.8)  

Intestinal Behçet’s disease 2 (2.8) 9 (9.8)  

Disease activity index   .201 

Remission to mild 48 (66.7) 50 (53.8)  

Moderate 17 (23.6) 33 (36.3)  

Severe 7 (9.7) 9 (9.9)  

Initial lab findings    

White blood cell (/µL) 8153±3083 8252±2696 .829 

Hemoglobin (g/dL) 12.9±2.0 12.7±1.7 .425 

Platelet (K/µL) 300±77 347±116 .002 

AZA initial dose (mg/Kg)a 0.8±0.2 0.8±0.2 .901 

Concomitant medications    

5-ASA 67 (93.1) 86 (93.5) > .999 

Biologics  10 (14.3) 5 (5.5) .057 

Follow-up duration (days) 241.0±126.4 237.8±140.7 .878 

Variables are presented as n (%), or mean±SD. 

BMI, body mass index; IBD, inflammatory bowel disease; AZA, azathiopurine; 5-ASA, 5-

aminosalicylic acids  

a6-MP dose was converted into an equivalent pharmaceutical dose of AZA by multiplying 2.08.  
 



Table 2. Other clinical outcomes based on genotyping   

 Genotyping (+) Genotyping (-) P value 

Number of OPC visits 7.8±3.2 9.0±3.9 .052 

Maximum dosage of AZA (mg/Kg)a 1.5±0.6 1.7±0.6 .111 

Cumulative drug dosage (mg/Kg) 22553.7±13498.7 23512.3±13700.2 .655 

Drug discontinuation or dose reduction, n (%) 11 (15.3) 31 (33.7) .007 

OPC, outpatient clinic; AZA, azathioprine 
a6-MP dose was converted into an equivalent pharmaceutical dose of AZA by multiplying 2.08.  



Table 3. Predictive factors associated with thiopurine -induced myelosuppression  

 Univariate Multivariate 

Variable HR 95%CI P HR 95%CI P 

Female  1.75 0.97-3.14 .062 1.37 0.71-2.63 .345 

Age > 34 yearsa 0.94 0.55-1.76 .942 - - - 

BMI > 21 (Kg/m2) 0.53 0.31-1.01 .053 0.43 0.22-0.81 .009 

Family history of IBD  2.37 0.33-17.25 .393 - - - 

Smoking       

Never 1 (ref)   - - - 

Current 1.05 0.37-3.00 .931 - - - 

Alcohol       

None 1 (ref)   - - - 

Current  0.76 0.41-1.42 .395 - - - 

Disease type       

Ulcerative colitis 1 (ref)   1 (ref)   

Crohn’s disease 2.42 1.15-5.12 .020 1.72 0.79-3.74 .409 

Intestinal Behçet’s disease 4.65 1.65-13.07 .004 2.72 0.93-8.00 .069 

Disease activity       

Remission to mild 1 (ref)   - - - 

Moderate 0.94 0.47-1.91 .787 - - - 

Severe 1.76 0.72-4.28 .212 - - - 

Genotyping (+) 0.40 0.21-0.77 .006 0.37 0.18-0.77 .008 

Maximun dosage of AZAb  0.40 0.23-0.69 .001 0.34 0.19-0.59 < .001 

Concomitant use of 5-ASA 1.49 0.36-6.17 .580 1.39 0.33-5.87 .651 

Concomitant use of biologics  0.34 0.08-1.45 .146 0.39 0.08-1.96 .252 

HR, hazard ratio; CI, confidence interval; BMI, body mass index; IBD, inflammatory bowel disease; 

AZA, azathioprine; 5-ASA, 5-aminosalicylic acids  

aThe median age of the patients was 34 years.  
b6-MP dose was converted into an equivalent pharmaceutical dose of AZA by multiplying 2.08.  
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Supplementary Table 1. Clinical characteristics at the time of myelosuppression  

 Genotyping (+)  

(n = 12) 

Genotyping (-) 

 (n = 33) 

P value 

Interval (days) 227.4±132.4 194.4±144.1 .133 

Accompanied symptoms     

Nausea or vomiting  1 (8.3) 4 (12.1) > .999 

Chilling  0 (0) 5 (15.2) .303 

Disease activity index   .167 

Remission to mild 7 (58.3) 26 (78.8)  

Moderate 5 (41.7) 5 (15.1)  

Severe 0 (0) 2 (6.1)  

Laboratory findings    

White blood cell (/µL) 2661±884 2798±1339 .744 

ANC (/µL) 1386±532 1503±1333 .770 

Hemoglobin (g/dL) 10.9±2.2 10.1±2.2 .319 

Platelet (K/µL) 251±118 258±98 .846 

CRP (mg/L) 6.4±11.4 13.4±35.8 .570 

ESR (mm/hr) 23.0±27.4 32.2±28.3 .944 

AZA dosage at the time of MS (mg/Kg)a 1.4±0.7 1.6±0.5 .405 

Drug discontinuation at the time of MS 3 (25.0) 11 (33.3) .086 

ANC, absolute neutrophil count; CRP, C-reactive protein; ESR, erythrocyte sediment rate; AZA, 

azathioprine; MS, myelosuppression 
a6-MP dose was converted into an equivalent pharmaceutical dose of AZA by multiplying 2.08.  



Supplementary Table 2. Results of genotyping in all patients 

 Genotyping (+) 

(n=72) 

Genotyping (-) 

(n=92) 

Total 

Wild type 47 (65.3) 58 (63.0) 105 (64.0) 

Heterozygous 25 (34.7) 27 (29.3) 52 (31.7) 

NUDT 15 (20.8) 22 (23.9) 37 (22.6) 

FTO 8 (11.1) 4 (4.3) 12 (7.3) 

NUDT & FTO 1 (1.4) 0 (0) 1 (0.6) 

TPMT 1 (1.4) 1 (1.1) 2 (1.2) 

Homozygousa - 2 ( 2.2) 2 (1.2) 

Missing - 5 (5.4) 5 (3.0) 
aTwo patients in the non-genotyping group had homozygotic mutation in NUDT15. 

  



Supplementary Table 3. Drug-related information based on myelosuppression 

AZA, azathioprine 

a6-MP dose was converted into an equivalent pharmaceutical dose of AZA by multiplying 2.08. 

 

 Myelosuppression 

(+) 

Myelosuppression 

(-) 

P Leukopenia (+) Leukopenia (-) P 

Drug discontinuation or 

dose reduction, n (%) 

25 (55.6) 17 (14.3) < 0.01 24 (57.1) 18 (14.8) < 0.01 

Achievement of ideal 

AZA dosage, n (%) 

18 (40.0) 65 (54.6) 0.095 17 (40.5) 66 (54.1) 0.128 

Maximun dosage of AZA 

(mg/Kg)a 

1.49 ± 0.63 1.63 ± 0.57 0.200 1.49 ± 0.63 1.63 ± 0.57 0.200 



 

 

CONSORT 2010 Flow Diagram 

Assessed for eligibility (n=182) 

Excluded  (n= 0) 
♦   Not meeting inclusion criteria (n=0) 
♦   Declined to participate (n=0) 
♦   Other reasons (n=0) 

Analysed  (n=72) 
♦ Excluded from analysis (give reasons) 

(n=0) 

Lost to follow-up (give reasons) (n=9) 

Discontinued intervention (give reasons) 
(n= 11) (headache:2, Nausea/Vomiting: 7, 
alopecia: 1, pancreatitis: 1) 

Allocated to intervention (n=87) 
♦ Received allocated intervention (n=72) 

♦ Did not receive allocated intervention 

(give reasons) (n= 15) (withdrawal: 2, 
homozygote: 4, no initiation of 
thiopurine: 8, f/u loss before 
treatment: 1) 

Lost to follow-up (give reasons) (n= 4) 

Discontinued intervention (give reasons) 
(n= 12) (Nausea/Vomiting: 6, urticaria: 2, 
pancreatitis: 2, others: 2) 

Allocated to intervention (n= 95) 
♦ Received allocated intervention (n= 92) 

♦ Did not receive allocated intervention 

(give reasons) (n= 3) (no initiation of 
thiopurine) 

Analysed  (n= 92) 
♦ Excluded from analysis (give reasons) 

(n= 0) 

Allocation 

Analysis 

Follow-Up 

Randomized (n=182) 

Enrollment 



What You Need to Know 

Background 

Myelosuppression, one of the most common and potentially serious side effects has been 

found more frequently in East Asian populations, including Koreans. We investigated 

whether pre-treatment analysis of patients for genetic variants associated with thiopurine-

induced leukopenia could be used to select doses for patients with inflammatory bowel 

diseases and reduce the incidence of myelosuppression. 

 

Findings 

Selection of therapy based on variants in NUDT15, FTO, and TPMT reduced the proportions 

of patients with thiopurine-related myelosuppression. Lower proportions of patients who 

received pretreatment genotype analysis had thiopurine discontinuations or dose reductions. 

 

Implications for patient care  

Genotype analysis before treatment can reduce risk of thiopurine-induced myelosuppression 

in patients with inflammatory bowel diseases. 


