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Background. NUDT15 gene polymorphisms have been identifed to predispose Asian patients with an infammatory bowel disease
(IBD) to thiopurine-induced leukopenia. Tis study predicted the infuence of NUDT15 haplotypes and diplotypes on aza-
thioprine (AZA)-induced leukopenia as well as the long-term infuence of AZA on hematologic parameters in IBD.Methods. 194
IBD patients were tested for NUDT15 genotypes. We collected clinical data of 80 patients with AZA treatment including adverse
events, dosage, white blood cell (WBC) count, platelet (PLT) count, and mean corpuscular volume (MCV) after AZA initiation.
Patients without adverse events and drug withdrawal were followed up for at least one year. Te relationship between NUDT15
haplotypes and diplotypes and leukopenia was analyzed. Results. Te haplotypes NUDT15 c.415C>Tand c.36_37insGGAGTC as
well as the diplotypes NUDT15 ∗1/∗2, ∗3/∗3, and ∗3/∗5 were signifcantly associated with AZA-induced leukopenia. Only one
patient with NUDT15 c.52G>A experienced leukopenia. NUDT15 ∗1/∗3 was not associated with leukopenia. After AZA ini-
tiation, the WBC count showed a downward trend in both wild types and mutants. Te mean of WBC count in the mutant group
at 1st month after AZA initiation was lower than that in the wild-type group (P � 0.006).TeMCV increased gradually in mutant
cases (P � 0.039), and the diferences were obvious at 6th and 12th months compared with the baseline (P � 0.014 andP � 0.042,
respectively). Te PLT count showed a decreasing trend in the mutant group, but there was no diference until 11months after
initiating treatment (P � 0.023).Te fnal dose of AZA in the NUDT15mutant group was signifcantly lower than that in the wild-
type group (P � 0.006). Conclusion. NUDT15 polymorphisms may be an appropriate predictor of AZA abnormal hematologic
indices in IBD patients. It is necessary for IBD patients to monitor hematological indices and optimize AZA therapy.

1. Introduction

Tiopurine are widely applied to maintain remission in
patients with infammatory bowel disease (IBD), especially
steroid-dependent and steroid-resistant cases [1–3]. In ad-
dition, thiopurine can prevent the development of antidrug
antibodies in those receiving antitumor necrosis factor
(TNF)-α antibody [4, 5]. In patients with Crohn’s disease

(CD), it can also be used to prevent relapse after enterectomy
[6]. Nevertheless, drug-induced adverse events often in-
terfere with the application of thiopurine in clinical practice.
Up to 15%–30% of IBD patients discontinue thiopurine
therapy due to the intolerable adverse efects [7]. Myelo-
suppression, especially leukopenia, is the most common
adverse event which might increase the risk of infection and
mortality [8–10].
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Tiopurine-induced leukopenia was thought to be re-
lated with genetic variants of the thiopurine S-
methyltransferase (TPMT) gene which encodes a thio-
purine-metabolizing enzyme in Europeans; however, the
frequency of the TPMT polymorphisms was considerably
lower in Asians (about 1%–3%) [11]. Te incidence of
thiopurine-induced leukopenia is higher in Asians
[9, 12, 13]. A study in 2014 frst reported a strong association
between NUDT15 c.415C>T and early thiopurine-induced
leukopenia in Korean Crohn’s disease patients, but not with
TPMT gene mutation [14]. Tis result was subsequently
confrmed in Japan, Singapore, and China [13, 15, 16].
Moriyama et al. have identifed four NUDT15 coding var-
iants: c.415C>T (p.Arg139Cys), c.36_37insGGAGTC
(p.Val18_Val19insGlyVal), c.52G>A (p.Val18Ile), and
c.416G>A (p.Arg139His), which resulted in thiopurine-
induced leukopenia in patients with acute lymphoblastic
leukemia (ALL). Six haplotypes as well as diplotypes com-
posed of diferent haplotypes with diferent enzyme activities
were also defned [17]. Subsequently, a retrospective study in
China confrmed that NUDT15 c.415C>T, c.52G>A, and
c.36_37insGGAGTC were associated with thiopurine-
induced leukopenia [18]. Recently, a study confrmed that
a novel NUDT15 variant (p.Gly17_Val18del) was associated
with thiopurine-induced myelosuppression in IBD patients
of European ancestry [19].

However, it remains unknown whether the diplotypes to
predict thiopurine-induced leukopenia in IBD patients is
superior to the haplotypes. In addition, there is still a lack of
studies on the long-term efects of thiopurine on hemato-
logical indices in Chinese IBD patients. Terefore, we
evaluated the associations between NUDT15 poly-
morphisms and azathioprine (AZA)-induced leukopenia by
testing the haplotypes and diplotypes. Meanwhile, we also
evaluated the infuence of prolonged exposure to AZA on
hematologic parameters in Chinese patients with IBD by
NUDT15 polymorphisms.

2. Materials and Methods

2.1. Enrollment of Patients andData Collection. We enrolled
194 Chinese IBD patients who were treated at the First
Afliated Hospital of Nanjing Medical University from
September 2018 to June 2020 and tested for NUDT15
genotypes; 80 of 194 patients (73 cases with CD and 7
cases with UC) received AZA treatment and were further
analyzed. Te self-reported ethnicity of all patients was
Chinese Han. Te study inclusion criteria were as follows:
(1) diagnosis based on the Consensus on Diagnosis and
Treatment of Infammatory Bowel Disease (2018, Beijing)
[20] and (2) complete clinical data. Exclusion criteria were
as follows: (1) recent blood transfusion; (2) administration
of other immunosuppressants such as ciclosporin or
methotrexate (MTX); (3) treatments potentially in-
terfering with AZA metabolism, including allopurinol,
febuxostat, and angiotensin-converting enzyme inhibitor
(ACEI); (4) severe cardiac, hepatic, and/or renal in-
sufciency; (5) active infection; and (6) pregnancy or
lactation.

Te initial dose of AZA was 0.5–1.0mg/kg daily [20].
Patients treated with AZA underwent routine blood tests
once a week during the frst month, then twice a month for
two months, followed by every month, as well as liver
function tested every month. AZA dose was increased to
2mg/kg daily as the target maintenance dosage if patients
had no adverse efects [20].

2.2. Genotyping Methods and Hardy–Weinberg Equilibrium
(HWE). Two milliliters of peripheral blood samples (EDTA
anticoagulation) were obtained for NUDT15 genotype
analysis. Genomic DNA was extracted by the TIANamp
Blood Spots DNA Kit (Tiangen Biotech (Beijing) Co., Ltd.).
DNA samples were amplifed by polymerase chain reaction
with GoTaq Hot Start Polymerase (Promega, Madison, WI,
USA) and purifed by TIANquick Mini Purifcation Kit
(Tiangen Biotech (Beijing) Co., Ltd.). Ten, DNA samples
were genotyped for NUDT15 c.415C>T, c.416G>A,
c.52G>A, and c.36_37insGGAGTC by the Sanger chain
termination method with the BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems, Foster City, CA, USA).

HWE analysis of the research subjects was carried out by
comparing the detected distribution of allele frequencies
with the theoretical distribution estimated based on the SNP
allelic frequencies. P> 0.05 (chi-squared statistics) was
considered to indicate equilibrium.

2.3. Data Collection and Follow-Up. Te following data were
collected: age, sex, weight, type of IBD, Montreal classif-
cation, dosage and duration of AZA, concomitant medi-
cations, NUDT15 genotypes, white blood cell (WBC) count,
platelet (PLT) count, mean corpuscular volume (MCV), and
adverse events. Te primary endpoint was leukopenia. Te
secondary endpoint was drug withdrawal for other adverse
events or inefectiveness. Patients without adverse events
and drug withdrawal were followed up for at least one year.
Te tolerance dose of AZAwas calculated from the fnal dose
of the patients who could continue AZA for more than six
months [18].

Leukopenia was defned as WBC< 3.5 ∗ 109/L [13, 21],
which was graded by common toxicity criteria as follows:
grade 1,WBC 3.0–3.5 ∗109/L; grade 2,WBC 2.0–3.0 ∗109/L;
grade 3,WBC 1.0–2.0 ∗109/L; and grade 4,WBC< 1.0 ∗109/
L. Te occurrence of leukopenia within 8weeks, 8 to
24weeks, and more than 24weeks was defned as early,
middle, and late leukopenia, respectively [22].

Te Ethics Committee of the First Afliated Hospital of
Nanjing Medical University approved this study (2020-SR-
132). Written informed consent was obtained from every
patient included in the study. Te study conforms to the
Declaration of Helsinki.

2.4. Statistical Analysis. Student’s t-test or one-way analysis
of variance (ANOVA) was used for normally distributed
variables. Te Mann–Whitney U-test was utilized for non-
normally distributed variables. Probability (P) values were
adjusted by Bonferroni correction when conducting the
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pairwise comparison. Diferences between categorical var-
iables were analyzed using chi-squared or Fisher’s exact test.
Logistic regression analyses were performed to identify the
associations of leukopenia with candidate variant and the
relevant factors. All statistical analyses were carried out
using SPSS version 22.0 (SPSS Inc., Chicago, IL, USA) and
GraphPad Prism 8 (GraphPad software, La Jolla, CA). P

values less than 0.05 were considered statistically signifcant.

3. Results

3.1. Clinical Characteristics of IBD Patients. A total of 194
patients with IBD were tested for NUDT15 genotypes. 80 of
194 received AZA treatment. Te baseline characteristics of
80 patients treated with AZA are summarized in Table 1.
Tere was no diference in other clinical characteristics
between the two groups (Table 1).

3.2. Te Adverse Events and NUDT15 Polymorphisms of Pa-
tients with IBD. Te incidence of adverse events in patients
with NUDT15 mutants was signifcantly higher than that in
NUDT15 wild types (68.2% vs. 27.6%, P � 0.002). Leuko-
penia accounted for 68% of all adverse events.Te diference
in the incidence of leukopenia between patients with
NUDT15 wild types and NUDT15 mutants was signifcant
(15.5% vs. 54.5%, P � 4 × 10− 4). In addition, AZA fnal
dosage of NUDT15 mutant cases was lower than the dosage
of NUDT15 wild-type cases (P � 0.013).

NUDT15 gene mutations were detected in 29.4% (57/
194) of all patients and 27.5% (22/80) of patients with AZA.
No deviation from the Hardy–Weinberg equilibrium
(HWE) was detected (P> 0.05). Among patients who re-
ceived AZA therapy, 23.75% (19/80) patients carried
NUDT15 c.415C>T heterozygotes (CT) and 1.25% (1/80)
patients carried NUDT15 c.415C>T homozygotes (TT).
13.75% (7/80) and 1.25% (1/80) patients carried NUDT15
c.36_37insGGAGTC or c.52G>A heterozygotes, re-
spectively. Homozygotes of NUDT15 c.36_37insGGAGTC
or c.52G>A and patients with NUDT15 c.416G>A were
not observed (Table 2).

3.3. Associations of NUDT15 Haplotypes with Leukopenia.
Te mutant allelic frequencies of NUDT15 c.415C>T,
c.36_37insGGAGTC, and c.52G>A were 13.1%, 6.9%, and
0.6%, respectively (Table 2). Tere were signifcant associ-
ations of NUDT15 c.415C>Tand c.36_37insGGAGTC with
AZA-induced leukopenia (P � 8 × 10− 5 and P � 0.006, re-
spectively). We observed only one patient with NUDT15
c.52G>A-experienced leukopenia.

Furthermore, we analyzed the incidence of diferent
grades and phases of leukopenia among all NUDT15 ge-
notypes (Table 3). Patients with NUDT15 c.415C>T het-
erozygotes were more likely to experience grade 2
leukopenia early (P � 0.002 andP � 8 × 10− 4, respectively).
Te only one patient carrying NUDT15 c.415C>T homo-
zygote developed grade 3 leukopenia early, while NUDT15

c.36_37insGGAGTC was associated with grade 1 and late
leukopenia (P � 0.003 andP � 0.016, respectively). Te only
one NUDT15 c.52G>A sufered grade 2 and early
leukopenia.

3.4. Associations of NUDT15 Diplotypes with Leukopenia.
According to a previous study [17], NUDT15 c.415C>T,
c.52G>A, and c.36_37insGGAGTC were inferred as hap-
lotypes ∗3, ∗5, and ∗6. Haplotype ∗2 was defned as the
variants with both NUDT15 c.415C>T and
c.36_37insGGAGTC. We found nine diplotypes (∗1/∗1, ∗1/
∗2, ∗1/∗3, ∗1/∗5, ∗1/∗6, ∗2/∗3, ∗2/∗5, ∗3/∗3, and ∗3/∗5) in-
cluding a new type ∗2/∗5 as compared with previous re-
search in China [18]. Nine patients (15.5%) carrying
NUDT15 ∗1/∗1 and 12 patients (54.5%) with NUDT15
mutations (∗1/∗2, ∗1/∗3, ∗3/∗3, and ∗3/∗5) developed leu-
kopenia (Table 4). NUDT15 ∗1/∗2, ∗3/∗3, and ∗3/∗5 were
signifcantly associated with AZA-induced leukopenia
(P � 4 × 10− 4 andP � 0.031, respectively). However,
NUDT15 ∗1/∗3 was not associated with leukopenia
(P � 0.345). Te two patients carried NUDT15 ∗1/∗6 did not
develop leukopenia. Individuals carrying NUDT15 ∗1/∗2
were more likely to develop grade 1 leukopenia early and late
(P � 0.001, P � 0.012, andP � 0.005, respectively). Early
leukopenia was observed not only in the patients with
compound-heterozygous genotype ∗3/∗5 but also in the
patients with homozygous-variant genotype ∗3/∗3, they
experienced grade 3 and grade 2 leukopenia, respectively.

3.5. Univariate and Multivariate Analyses of AZA-Induced
Leukopenia. Univariate analysis showed that NUDT15
c.415C>T and c.36_37insGGAGTC signifcantly contrib-
uted to AZA-induced leukopenia. In contrast, sex, age, type
of IBD, AZA fnal dosage, AZA duration, and concomitant
therapy were not associated with the risk of leukopenia
(Table 5). Further multivariate logistic regression analysis
confrmed that NUDT15 c.415C>T was the only in-
dependent factor increasing the risk of developing AZA-
induced leukopenia (Table 5).

3.6. Infuence of Prolonged Exposure to AZA on Hematologic
Indices in Diferent Genotypes of NUDT15. We investigated
the alterations of PLT, MCV, and WBC counts after initial
AZA treatment (Figure 1). At the baseline, there was no
signifcant diference in theses hematologic indices between
NUDT15 mutant group and NUDT15 wild-type group. Te
WBC count showed a downward trend in both wild types
and mutants after AZA therapy, but there was no statistical
diference. Te mean of WBC count in the mutant group at
1st month after AZA initiation was signifcantly lower than
that in the wild-type group (P � 0.006) (Figure 1(a)). We
found that MCV in mutant cases increased gradually
(P � 0.039) (Figure 1(b)). Te diferences were obvious at
6th and 12th months after initial therapy compared with the
baseline (P � 0.014 andP � 0.042, respectively). Te PLT
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Table 1: Clinical characteristics and adverse events of patients.

Characteristics NUDT15
wild type (n� 58)

NUDT15
mutant type (n� 22) Total (n� 80) P value

Sex (male/female) 40/18 15/7 55/25 0.946
Age (yr), M(R) 31.5 (17–78) 30.5 (18–58) 31 (17–78) 0.385
Disease type
CD/UC 52/6 21/1 73/7 0.667

AZA fnal dosage (mg·kg− 1·d− 1), M(R) 1.36 (0.56–2.5) 1.02 (0.35–2.0) 1.23 (0.35–2.5) 0.013
AZA duration (wk), M(R) 48 (4–288) 46 (1–336) 48 (1–336) 0.159
Concomitant therapy 46 14 60 0.148
5-ASA 13 1 14 0.097
Steroids 28 8 36 0.339
IFX 7 6 13 0.171
Talidomide 10 1 11 0.274

Montreal classifcation of CD 52 21 73 0.667
Age range at diagnosis (A1/A2/A3) 0/38/14 0/17/4 0/55/18 0.48
Disease location (L1/L2/L3/L4) 21/3/28/7 4/1/16/2 25/4/44/9 0.305
Disease behavior (B1/B2/B3/P) 26/22/6/28 14/5/2/9 40/27/8/37 0.485

Disease extension of UC (E1/E2/E3) 0/0/6 0/0/1 0/0/7
Adverse events (%) 16 (27.6) 15 (68.1) 31 (38.8) 0.002
Leukopenia 9 (15.5) 12 (54.6) 21 (26.2) 4 × 10−4

Hepatotoxicity 1 (1.7) 0 (0) 1 (1.3) 1
Acute pancreatitis 1 (1.7) 1 (4.5) 2 (2.5) 0.477
Rash 3 (5.1) 1 (4.5) 4 (5.0) 1
Gastrointestinal side efects 2 (3.4) 0 (0) 2 (2.5) 1
Alopecia 0 (0) 1 (4.5) 1 (1.3) 0.275

Te P values in bold in the table are less than 0.05.

Table 2: NUDT15 haplotypes and AZA-induced leukopenia.

Genotype Total
patients

Patients with
AZA (%)

Prevalence of
leukopenia (%) P Allele Allele

frequency (%) P
Odds ratios
(95% CI)

c.415C>T
CC 143 (73.7) 60 (75) 9 (15)

 × 10 −5
C 86.9

7 × 10 −5 6.16
(2.33–16.28)CT 45 (23.2) 19 (23.75) 11 (57.9) T 13.1

TT 6 (3.1) 1 (1.25) 1 (100)
c.36_37ins
GGAGTC

− /− 168 (86.6) 69 (86.25) 14 (20.3) 0.006 — 93.1 0.00 5.70
(1.58–20.62)− /ins 26 (13.4) 11 (13.75) 7 (63.7) Ins 6.9

c.52G>A GG 187 (96.4) 79 (98.75) 20 (25.3) 0.262 G 99.4 0.262 3.88 (2.98–5.05)GA 7 (3.6) 1 (1.25) 1 (100) A 0.6
Te P values in bold in the table are less than 0.05.

Table 3: Associations of NUDT15 haplotypes with grades and phases of leukopenia.

Group
NUDT15 c.415C>T, n

P

NUDT15
c.36_37

insGGAGTC, n P

NUDT15
c.52G>A, n P

CC CT TT − /− − /ins GG GA
Total, n 60 19 1  × 10−5 69 11 0.006 79 1 0.262
Normal, n 51 8 0 55 4 59 0
Leukopenia grade, n 9 11 1 2 × 10−4 14 ccc7 0.006 20 1 0.125
Grade 1 6 5 0 0.025 6 5 0.003 11 0
Grade 2 3 6 0 0.002 7 2 0.177 8 1
Grade 3 0 0 1 0.15 1 0 1 1 0

Leukopenia phase, n 9 11 1 5 × 10−4 14 7 0.015 20 c1 0.123
Early 1 4 1  × 10−4 4 2 0.09 5 1
Middle 2 2 0 0.115 3 1 0.288 4 0
Late 6 5 0 0.025 7 4 0.016 11 0

P values were adjusted by Bonferroni correction. Te P values in bold in the table are the most statistically signifcant in the subgroup analysis.
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count decreased gradually in the mutant group, but the
decreasing trend was not signifcant (P > 0.05). Te
changing trend of PLT count was also not apparent in the
wild-type group. Although there was no statistical diference
in PLTcount between the two groups at 1st, 3rd, 6th, and 9th
months, the PLTcount was lower in mutant cases than wild-
type cases at 12th month (P � 0.023) (Figure 1(c)).

3.7. AZA Final and Tolerance Dosage among Patients with
Diferent NUDT15 Genotypes. We analyzed the fnal dose of
AZA among individuals at the last visit (Figures 2(a) and
2(b)). Te dosage of AZA in patients carrying NUDT15
mutant alleles was lower than the dosage in patients with
NUDT15 wild types (1.02 (0.35–2.0) mg·kg− 1·d− 1 vs. 1.36
(0.56–2.5) mg·kg− 1·d− 1, P � 0.013). Tere was no signifcant
diference in fnal dose among diplotypes except for ∗1/∗1
and ∗3/∗5 (1.36 (0.56–2.50) mg·kg− 1·d− 1 vs. 0.35mg·kg− 1

·d− 1, P � 0.034). Tere were no signifcant diferences in the
tolerance dose between individuals with wild types and
mutations (Figures 2(c) and 2(d)). Te tolerance dose could
not be evaluated because of early discontinuation of AZA in
both ∗3/∗3 and ∗3/∗5 cases.

4. Discussion

Azathioprine is currently the frst-line therapy for IBD
patients tomaintain long-term remission [1–3]. However, drug-
related adverse events often afect its application in clinical
practice, among which myelosuppression is most common. In
our study, we found that 26.3% of IBD patients experienced
leukopenia, which was similar to previous reports [14, 15, 18]. It
is urgent to explore the predictors of AZA-induced leukopenia
to guide the rational regimen of AZA therapy.

Te nucleoside diphosphate-linked moiety X-type motif
15 (NUDT15, also known as MTH2) gene encodes a purine-
specifc Nudix hydrolase which hydrolyzes nucleoside di-
phosphate. NUDT15 downregulates the level of thio-
guanosine triphosphate (TGTP), the ratio of TGTP/
monophosphate thioguanosine nucleotide (TGMP), and the
percentage of TGTP in total 6-thioguanine nucleotides (6-
TGN), which weakens the cytotoxicity of thiopurine and
fnally reduces the efcacy [17]. Four NUDT15 coding
variants (c.415C>T, c.416G>A, c.52G>A, and c.36_37

insGGAGTC) result in 74.4–100% loss of nucleotide
diphosphatase activity [17]. Te association of NUDT15
c.415C>T with thiopurine-induced leukopenia has been
confrmed in Asian IBD [13–16].

In this study, we verifed again that NUDT15 c.415C>T,
c.52G>A, and c.36_37insGGAGTC were associated with
thiopurine-induced leukopenia. Our results suggested that
NUDT15 polymorphisms can predict AZA-induced leu-
kopenia, and the monitoring of hematologic indices in IBD
patients with AZA therapy should be long-term and careful.
Logistic regression analysis confrmed that NUDT15 poly-
morphism was the only factor increasing the risk of de-
veloping AZA-induced leukopenia. Tere were no
diferences in sex, AZA dosage, and corticosteroid usage in
patients with or without leukopenia. Combined with pre-
vious results, we inferred that corticosteroid might have no
protective efect on AZA-induced leukopenia in IBD pa-
tients [13, 18, 21], and the myelosuppression caused by
NUDT15 polymorphisms may be dose independent [8]. Te
association between sex with leukopenia is still controversial
[13, 18, 23]. More studies are needed to prove whether there
is a gender diference in AZA-induced leukopenia in the IBD
population.

Tis study analyzed the relationship between NUDT15
diplotypes and AZA-induced leukopenia. Early leukopenia
was found in the carriers of low-activity genotype ∗3/∗3 and
∗3/∗5, and they experienced grade 3 and grade 2 leukopenia,
respectively. NUDT15 ∗1/∗3 was not associated with leu-
kopenia. Te two patients carried NUDT15 ∗1/∗6 did not
develop leukopenia. Individuals carrying ∗1/∗2 were more
likely to develop grade 1 leukopenia early and late. Haplotype
∗2 is composed of NUDT15 c.415C>T and
c.36_37insGGAGTC which were in strong gene linkage dis-
equilibrium, so we infer that the enzyme activity of
NUDT15 ∗1/∗2 may be lower than that of NUDT15 ∗1/∗3 and
∗1/∗6. By testing NUDT15 c.36_37insGGAGTC, we can dis-
tinguish the diplotype ∗1/∗2 from the diplotype ∗1/∗3 and ∗1/
∗6, which may be helpful to guide the administration of AZA.

In this study, we evaluated the infuence of prolonged
exposure to AZA on hematologic indices in Chinese IBD
population by NUDT15 polymorphisms, including WBC
count, MCV, and PLT count. WBC count showed a down-
ward trend after beginning AZA therapy. Te mean of WBC
count in the mutant group at 1st month after AZA initiation

Table 4: Associations of NUDT15 diplotypes with grades and phases of leukopenia.

Group ∗1/∗1 ∗1/∗2 P ∗1/∗3 P ∗3/∗3 + ∗3/∗5 P

Total, n 58 9 9 2
Normal, n 49 2 0.0004 6 0.345 0 0.031
Leukopenia grades, n 9 7 0.0007 3 0.056 2 0.0019
Grade 1 6 5 0.001 0 0
Grade 2 3 2 0.036 3 1† 0.075
Grade 3 0 0 0 1‡ 0.02

Leukopenia phases, n 9 7 0.0005 0.0026
Early 1 2 0.012 1 2 0.039
Middle 2 1 0.16 1 0
Late 6 4 0.005 1 0

†NUDT15 ∗3/∗5; ‡NUDT15 ∗3/∗3; P values were adjusted by Bonferroni correction.Te P values in bold in the table are the most statistically signifcant in the
subgroup analysis.
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was signifcantly lower than that in the wild-type group. Te
results were consistent with our previous conclusion that
patients with mutant diplotypes were prone to early leu-
kopenia, which was similar to a previous study in Japanese
IBD population [24]. In addition, we also found that the
diferences in theWBC count between two groups at 9th and
12th month were slight. Tis phenomenon might be due to
the fact that the patients who could not tolerate AZA already
discontinued the therapy, while the WBC count of
remaining patients who could tolerate AZAmight be similar
to that of patients with NUDT15 wild-types. Terefore, we
should monitor the WBC count more closely, especially in
the frst month.

Several studies demonstrated that thiopurine-mediated
inhibition of DNA synthesis in bone marrow precursor cells
leads to megaloblastic erythropoiesis, which is characterized

by an increase in the MCV value [25–28]. MCV elevation
above 7 f is also reported to be an indicator of optimal 6-
TGN levels [26]. Measurement of MCVmay be a simple and
inexpensive alternative to measurement of 6-TGN con-
centrations in patients treated with azathioprine or 6-
mercaptopurine [26]. We did not measure the concentra-
tions of folate and vitamin B12, but the MCV of all patients
were in the normal range before AZA initiation. We ob-
served that the MCV increased gradually in mutant cases,
which indicated that the best MCV value for predicting the
optimal 6-TGN levels should be adjusted according to
NUDT15 genotypes. It also suggested that the red blood cells
of patients with mutations were more sensitive to AZA than
those with wild-types. Tese conclusions were similar to
a Japanese study reporting that the MCV was higher in the
NUDT15 c.415C>T C/T group than in the C/C group [24].
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Figure 1: Infuence of prolonged exposure to AZA on hematologic indices in diferent NUDT15 genotypes: (a) changes of WBC count in
the wild-type group and the mutant group. ∗Signifcant diference between the mutant group and wild-type group at 1st month (P � 0.006,
Student’s t-test). (b) Changes of MCV in the wild-type group and mutant group. ∗Signifcant diferences between the baseline and 6th and
12th months. (P � 0.014 and P � 0.042, respectively, ANOVA and Bonferroni correction adjusted P values). (c) Changes of PLT count in
the wild-type group and mutant group. ∗Signifcant diference between the mutant group and wild-type group at 12th month (P � 0.023,
Mann–Whitney U-test).

Journal of Clinical Pharmacy andTerapeutics 7



It is controversial whether there exists a diference in the
PLT count between the NUDT15 wild-type group and
mutant group after AZA initiation [21, 24]. Our study
revealed that the PLT count decreased gradually in the
mutant group but not statistically diferent. However, the
PLTcount in the mutant group was signifcantly lower at the
12th month after initiation of AZA. Tese results suggested
that it is necessary for IBD patients to carefully monitor
hematological indices for a long time and optimize the
AZA dose.

Finally, we compared the fnal dose of AZA in all patients
and the tolerance dose in patients with diferent diplotypes.
Te fnal dose of AZA in the NUDT15mutant group is lower
than that in the wild-type group. Tere was no signifcance
in the tolerance dose among these diplotypes. Patients with
both ∗3/∗3 and ∗3/∗5 diplotypes were unable to tolerate AZA

and discontinued AZA therapy at an early stage.Teremight
be type 2 errors in the statistical analysis due to the small
sample size. However, we cannot rule out the possibility that
there was no diference in the tolerance dose between pa-
tients with ∗1/∗1 and patients, who did not develop leu-
kopenia after six months of AZA therapy, with mutations.
Tis result may support the view that the myelosuppression
caused by NUDT15 polymorphisms may be dose in-
dependent [8] and suggest that other factors besides
NUDT15 polymorphisms may contribute to AZA in-
tolerance in Chinese IBD patients.

Tis study also has several limitations. First, it was
a small sample study in a single center. Second, because of
the various causes of anemia in IBD patients, we did not
analyze the hemoglobin count of IBD patients. Tird, other
genes that may afect AZA metabolism were not detected.
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Figure 2: AZA fnal and tolerance dosage among patients with diferent NUDT15 genotypes: (a) fnal dosage between NUDT15 wild-type
cases and mutant cases. ∗Signifcant diference between the mutant group and wild-type group (1.02 (0.35–2.0) mg·kg− 1·d− 1 vs. 1.36
(0.56–2.5) mg·kg− 1·d− 1, P � 0.006, Mann–Whitney U-test). (b) Final dosage among individuals with diferent diplotypes. ∗1/∗1 (1.36
(0.56–2.50) mg·kg− 1·d− 1), ∗1/∗2 (1.25 (0.56–1.67) mg·kg− 1·d− 1), ∗1/∗3 (0.94 (0.41–2.0) mg·kg− 1·d− 1), ∗1/∗6 (1.07 (0.89–1.25) mg·kg− 1·d− 1),
∗3/∗3 (1.06mg·kg− 1·d− 1), and ∗3/∗5 (0.35mg·kg− 1·d− 1). ∗∗Signifcant diference between the NUDT15 ∗1/∗1 group and NUDT15 ∗3/∗5
group (P � 0.034). (c) Tolerance dosage between wild-type cases and mutant cases (1.15 (0.83–2.50) mg·kg− 1·d− 1 vs. 1.04 (0.56–2.0)
mg·kg− 1·d− 1, P> 0.05). (d) Tolerance dosage among individuals with diferent diplotypes (P> 0.05). ∗1/∗1 (1.15 (0.83–2.50) mg·kg− 1·d− 1),
∗1/∗2 (1.31 (0.56–1.54) mg·kg− 1·d− 1), ∗1/∗3 (1.00 (0.86–2.00) mg·kg− 1·d− 1), and ∗1/∗6 (1.07 (0.89–1.25) mg·kg− 1·d− 1).
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In conclusion, despite these limitations, NUDT15
polymorphism is indeed an appropriate predictor of AZA
intolerance in IBD patients. Our study compared the dif-
ferences in grades and phases of leukopenia caused by AZA
among diferent diplotypes. We found that testing dip-
lotypes to predict thiopurine-induced leukopenia in IBD
patients may be superior to the haplotypes. In addition, this
study had evaluated the efects of NUDT15 polymorphisms
on the prediction of prolonged exposure to AZA on he-
matological indices of Chinese IBD population, which
provides more suggestions for rational regimen of AZA
therapy in patients with IBD.
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