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Background/Aims: Thiopurines are key drugs for inflammatory bowel disease (IBD), including ulcerative colitis (UC) and
Crohn’s disease (CD). Recently, NUDT15 polymorphism (R139C, c.415C > T) has been shown to be associated with thiopurine-
induced adverse events in Asian populations. In patients with the C/T genotype, low-dose thiopurine treatment is recom-
mended, but its long-term efficacy and tolerability remain unclear. This study aimed to uncover the long-term efficacy and ap-
propriate dosage of thiopurine for IBD patients with the C/T genotype. Methods: A total of 210 patients with IBD (103 UC and
107 CD) determined to have NUDT15R139C variants were enrolled. Clinical data were retrospectively reviewed from medical
records. Results: Of 46 patients (21.9%) with the C/T genotype, 30 patients (65.2%) were treated with thiopurines. Three of
whom (10.0%) discontinued thiopurine treatment due to adverse events and 27 of whom continued. The median maintenance
dosage of 6-mercaptopurine was 0.25 mg/kg/day (range, 0.19-0.36 mg/kg/day), and 6-thioguanine nucleotides level was 230
(104-298) pmol/8 x 10° red blood cells. Cumulative thiopurine continuation rates for 120 months for patients with the C/C and
C/T genotypes were not significantly different (P=0.895). Cumulative non-relapse rates in the patients with UC treated with
thiopurine monotherapy and surgery-free rates in CD patients treated with combination therapy (thiopurines and anti-tumor
necrosis factor-a agents) for maintenance remission were not significantly different at 60 months (C/C vs. C/T, P=0.339 and
P=0.422, respectively). Conclusions: Low-dose thiopurine treatment is an effective and acceptable treatment for patients with
C/T genotype. (Intest Res 2022;20:90-100)
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INTRODUCTION

Thiopurines such as 6-mercaptopurine (6-MP) and azathio-
prine (AZA) are widely used for immunomodulatory thera-
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pies in patients with inflammatory bowel disease (IBD), in-
cluding ulcerative colitis (UC) and Crohn’s disease (CD). The
major therapeutic benefits of thiopurine are known to be its
steroid-sparing effect and maintenance of remission of both
UC and CD after induction therapy."* Furthermore, combina-
tion therapy with anti-tumor necrosis factor (TNF)-a agents
and thiopurines has been shown to be more effective than ei-
ther as monotherapy.” Thus, thiopurines presumably im-
prove the pharmacokinetic efficacy of anti-TNF-a agents by
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reducing the risk of anti-drug antibody formation that leads to
aloss of response to anti-TNF-o, agents.” Their additive effect
is well defined in CD compared with that in UC.”**

Although thiopurines are one of the key drugs for patients
with IBD, adverse events (AEs) often develop during thiopu-
rine therapy. AEs of thiopurines are divided into dose-inde-
pendent events, such as allergic reactions, and pharmacologi-
cally explainable dose-dependent events.” Dose-dependent
AEs, such as myelotoxicity and hepatotoxicity, are causing by
metabolites of thiopurines, which include active metabolites
such as 6-thioguanine nucleotides (6-TGN) and inactive ca-
tabolites such as 6-methylmercaptopurine.’

Recently, a non-synonymous single nucleotide polymor-
phism (SNP), p.Arg139Cys, in nucleoside diphosphate-linked
moiety X-type motif 15 (NUDT15 R139C, c.415C>T) was
strongly associated with thiopurine-induced early leukopenia
in Koreans,” and a similar association has been reported in
Japanese patient with IBD."”"' NUDT15 converts the thiopu-
rine active metabolites 6-thioguanine triphosphate (6-TGTP)
and 6-thio-deoxyguanine triphosphate (6-TdGTP), which are
incorporated into DNA or RNA and lead to immunosuppres-
sion, to 6-tioguanine monophosphate and 6-thio-deoxygua-

1213 patients who are ho-

nine monophosphate, respectively.
mozygous and heterozygous for p.Arg139Cys (NUDTI5 T/T
and C/T genotype, respectively) have lower enzyme activity
than those homozygous for the wild allele (C/C genotype),
and these variants of NUDT15 caused excessive levels of
6-TGTP and 6-TdGTP, resulting in dose-dependent AEs such
as thiopurine-induced leukopenia and alopecia.'” Therefore,
genotyping of NUDT15 R139C is considered the best way to
predict thiopurine-induced AEs in Asian patients.'""*
Thiopurines should be contraindicated in patients with the
T/T genotype because several studies have reported that al-
most all of these patients treated with thiopurines develop se-
1% patients with the C/T

genotype also have a higher risk of dose-dependent AEs than

vere leukocytopenia and alopecia.

patients with the C/C genotype. Discontinuation of treatment
or adjustment of the dosage is not uncommonly required for
patient with the C/T genotype. It has been suggested that low-
dose 6-MP could be used for patients with the C/T genotype."
However, the long-term efficacy and safety of thiopurine re-
main unclear.

In this study, we reviewed the clinical cases of thiopurine
treatment at our institution and investigated the efficacy and
tolerability of thiopurine treatment in patients with the C/T
genotype compared with patients with the C/C genotype. The
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goal of this study was to uncover the long-term efficacy and
appropriate dosage of thiopurine for IBD patients with the C/

T genotype.
METHODS

1. Institutional Review Board Approval

The protocol of the present study was approved by the Institu-
tional Review Board of Hirosaki University Graduate School of
Medicine (IRB Nos. 2016-083, 2018-162) and the informed
consent was waived. This study was performed in accordance
with the ethical standards of the WMA Declaration of Helsin-
ki-Ethical Principles for Medical Research Involving Human
Subject.

2. Participants

We enrolled 210 patients with IBD (103 UC and 107 CD) who
attended Hirosaki University Hospital between January 2015
and October 2018, who consented to this study and were
evaluated for NUDT15 R139C genotype. Clinical data were
collected by medical records from the institution.

3. DNA Isolation and Single Nucleotide Polymorphism
Detection

DNA was extracted from whole blood using QIAamp DNA
Blood Mini Kit (QIAGEN, Hilden, Germany), performed in ac-
cordance with the manufacturer’s protocols. The purity of
DNA was determined by evaluating the optical density
260/280 ratio. SNP analysis was performed using a Step One
Plus Real-Time PCR System (Applied Biosystems, Foster City,
CA, USA). SNP NUDT15 R139C (rs116855232) was geno-
typed by fluorogenic TagMan SNP technology with the Tag-
Man Genotyping Master Mix (Applied Biosystems). The prim-
er sequences were as follows: forward, 5-CCCCTGGAC-
CAGCTTTTCTG-3’; reverse, 3'-CCACCAGATGGTTCA-
GATCTTCTTTA-5: The probe sequences were VIC-CTTTTA-
AACAACACAGTCCC and FAM-AAACAACGCAGTCCC. The
reactions were carried out under the following conditions: 10
minutes at 95°C to initiate polymerase activity, 40 cycles of
95°C for 15 seconds, and 60°C for 1 minute. A sample without
DNA was used as a negative control.

4. Thiopurine Treatment

The dose of AZA was converted to 6-MP equivalent dose di-
viding by a conversion factor of 2.08."” 6-MP was administered
at an initial dosage of 0.2-0.6 mg/kg/day and screening for
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AEs was conducted about 2 weeks after initiation. When AEs
were developed during thiopurine treatment, we decreased
the dosage, discontinued the treatment, or changed the thio-
purines depending on the AEs. If patients had no AEs, we in-
creased the dosage as required to approximately 0.5 mg/kg/
day. The maintenance dosage of thiopurine was defined as the
final dosage that patients could continue without AEs. The se-
rum levels of 6-TGN in maintenance therapy were assessed.
In the patients with UC, to evaluate the efficacy of thiopu-
rine for maintenance therapy, the cumulative clinical non-re-
lapse rate (the time from initiation of thiopurine treatment at
the maintenance dosage to clinical relapse [partial Mayo score
>2] requiring more intensive treatment) was compared be-
tween patients with C/T and C/C genotypes who achieved re-
mission withdrawing from steroids (partial Mayo score of 0 or
1). These patients were treated with thiopurines for mainte-
nance therapy, and patients treated in combination with anti-
TNF-a agents were excluded. In the patients with CD, cumula-
tive continuous treatment rates (the time from initiation of
combination therapy [anti-TNF-o agent and thiopurine] to re-
quirement of surgery or change in medical therapy) were

Table 1. Characteristics of Patients

Characteristics UC (h=103) CD (n=107)
Sex (male/female) 61/42 74/33
Age (yr) 43 (30-59) 38 (26-45)
Duration of disease (mo) 84 (36-141) 104 (33-230)
Disease location
Extensive 55 (53.4) -
Left-side 37 (35.9) -
Proctitis 11 (10.7) -
lleal S 13(12.2)
[leocolic - 81(75.7)
Colic - 13(12.2)
Medication
5-ASA 97 (94.2) 104 (97.2)
Topical therapy 44 (42.7) -
Elemental diet - 60 (56.1)
Prednisolone 70 (67.9) 47 (43.9)
Thiopurines 65 (63.1) 77 (80.0)
Anti-TNF-a agents 23(22.3) 67 (62.6)
Calcineurin inhibitors 19 (18.4) 3(2.8)

Values are presented as median (interquartile range) or number (%).
UC, ulcerative colitis; CD, Crohn's disease; 5-ASA, 5-aminosalicylate; TNF,
tumor necrosis factor.
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compared between patients with C/T and C/C genotypes. The
definition of surgery was CD-related surgery such as intestinal
resections for stricture and fistula and drainage of perianal ab-
scess. In patients with UC and CD, the time-course changes of
white blood cell (WBC) count and mean corpuscular volume
(MCV) were investigated and compared between patients
with C/T and C/C genotypes.

5. Statistical Analysis

Patient age, sex, thiopurine use, duration, dosage of thiopu-
rines, 6-TGN levels, and the frequency of each AE were com-
pared between patients with C/C and C/T genotypes using
the Mann-Whitney test and chi-square test in univariate anal-
yses. Analyses of cumulative thiopurine continuation rate,
clinical non-relapse rate in the patients with UC, and surgery-
free rate in patients with CD were performed using Kaplan-
Meier survival plots with the log-rank test. P<0.05 was regard-
ed as statistically significant. All analyses were performed us-
ing GraphPad Prism version 8.0.1 (GraphPad Software, La Jol-
la, CA, USA).

RESULTS

1. Frequencies of NUDT15 R139C Variants and Study
Flowchart

The characteristics of the patients enrolled in this study are
summarized in Table 1. There were 210 patients, of whom 103
were patients with UC and 107 were diagnosed with CD. The
frequencies of NUDT15 R139C variants is summarized in Ta-
ble 2. Of the 210 patients, 158 patients (75.2%) had NUDTI5
C/C genotype, 46 patients (21.9%) had the C/T genotype, and
6 patients (2.9%) had the T/T genotype. Flow of the analysis in
this study was indicated in Supplementary Fig. 1.

2. Thiopurine Treatment According to NUDTI15
Genotype

Information about thiopurine treatment, 6-TGN levels and

AEs according to the each NUDTI5 genotype is summarized

Table 2. Distribution of NUDT75 Genotypes

Genotype Total (n=210) UC(n=103) CD (n=107)
c/C 158 (75.2) 74 (71.8) 84 (78.5)
cT 46 (21.9) 24 (23.3) 22 (20.6)
T 6(2.9) 5(4.9) 1(0.9)

Values are presented as number (%).
UC, ulcerative colitis; CD, Chron's disease.
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in Table 3. The age of patients, sex, and duration of thiopurine
treatment were not significantly different between patients
with C/C and C/T genotypes. Patients with C/C and C/T gen-
otypes who were treated with thiopurines numbered 108
(68.4%) and 30 (65.2%), respectively (P=0.689). The percent-
age of patients with the C/T genotype who received 6-MP
(66.7%) was significantly higher than that of patients with the
C/C genotype (38.9%, P=0.016). The median initial dosage of
6-MP was 0.28 mg/kg/day for patients with the C/C genotype
and 0.26 mg/kg/day for patients with the C/T patients, with no
significant difference (P=0.555). The median maintenance
dosage of 6-MP was 0.48 mg/kg/day for patients with the C/C
genotype and 0.25 mg/kg/day for those with the C/T genotype

https://doi.org/10.5217/ir.2020.00133 « Intest Res 2022;20(1):90-100

(P<0.001) (Fig. 1A). The 6-TGN levels at the maintenance
dosage of thiopurine treatment were significantly lower in pa-
tients with the C/T genotype (230 pmol/8 x 10° red blood cells
[RBCs)) than in those with the C/C genotype (328 pmol/8 x 10°
RBCs) (P=0.014) (Fig. 1A).

The percentage of total AEs in patients with C/C and C/T
genotypes was 17.6% and 36.7%, respectively (P=0.025). The
development of total leukopenia and late (after 8 weeks) leu-
kopenia was significantly higher in patients with the C/T gen-
otype than in those with C/C genotype (P<0.001 and P<0.001,
respectively). All patients with the T/T genotype developed
leukopenia. The median dosage of 6-MP when total AEs de-
veloped were 0.500 mg/kg/day (range, 0.429-0.612 mg/kg/day)

Table 3. Comparison of Thiopurine Treatment and AEs According to NUDT75 Genotypes

NUDT15 genotype C/C (n=158) C/T (n=46) T/T(n=6) P-value (C/C vs. C/T)
Sex (male/female) 106/52 27[19 2/4 0.293
Age (yr) 40 (27-51) 41 (31-49) 42 (28-53) 0.860
Thiopurine use 108 (68.4) 30 (65.2) 4 (66.7) 0.689
6-MP 42 (38.9) 20 (66.7) 2 (50.0) 0.016
AZA 66 (61.6) 10 (33.3) 2 (50.0) 0.0m
Discontinuation 11 (10.2) 3(10.0) 4 (100) 0976
Switching 7 (4.4) 2 (4.3) - 0919
Duration of treatment (mo) 27.0 (10.0-63.0) 26.0 (11.0-57.0) 0.5 (0.4-0.9) 0.691
Initial dose of 6-MP (mg/kg/day)’ 0.28 (0.10-0.74) 0.26 (0.14-0.42) 0.33 (0.26-0.38) 0.555
Maintenance dose of 6-MP (mg/kg/day)’ 0.48 (0.37-0.65) 0.25 (0.19-0.36) - <0.001
6-TGN levels (pmol/8 x 10° RBCs) 328 (224-528) 230 (104-298) - 0.014
Total AEs 19 (17.6) 11 (36.7) 4 (100) 0.025
Leukopenia (WBC <3,000) 5 (4.6) 9 (30.0) 4 (100) <0.001
Early leukopenia (within 8 wk) 1(0.9) 2(6.7) 3(75.0) 0.056
Grade 2 (WBC < 3,000) 1 2 2
Grade 3 (WBC <2,000) 0 0 1
Grade 4 (WBC <1,000) 0 0 0
Late leukopenia (after 8 wk) 4(3.7) 7(23.3) 1(25.0) <0.001
Grade 2 (WBC <3,000) 2 2 1
Grade 3 (WBC <2,000) 2 5 0
Grade 4 (WBC < 1,000) 0 0 0
Alopecia 0 0 3(75.0)
Liver dysfunction 4(3.7) 0 0
Elevation of serum amylase 2(1.9) 0 0
Nausea and vomiting 5 (4.6) 1(3.3) 1(25.0) 0.924
Fever 4(3.7) 1(3.3) 0 0.924

Values are presented as median (interquartile range) or number (%).
°AZA doses were adjusted to 6-MP equivalents using a conversion factor of 2.08.
AEs, adverse events; 6-MP, 6-mercaptopurine; AZA, azathioprine; 6-TGN, 6-thioguanine nucleotides; RBCs, red blood cells; WBC, white blood cell.
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Fig. 1. Comparison of thiopurine dosage, time to adverse events (AEs), cumulative continuation rate according to NUDT15 genotypes. (A)
Maintenance dosage of 6-mercaptopurine (6-MP) and serum 6-thioguanine nucleotides (6-TGN) levels in patients with C/C and C/T gen-
otypes. (B) Dosage of 6-MP at the time when total AEs was developed are plotted. (C) Time to total AEs after starting thiopurine treat-
ment is plotted in term of NUDT15 genotypes. (D) Cumulative continuation rate of thiopurine for 120 months in patients with C/C and C/
T genotypes. Azathioprine doses were converted to a 6-MP dose using a conversion factor of 2.08. Data represents median (interquartile

range). °P<0.05. RBCs, red blood cells.

for patients with the C/C genotype and 0.462 mg/kg/day (range,
0.401-0.511 mg/kg/day) for patients with the C/T genotype
(P=0.366) (Fig. 1B). The median time to total AEs after the ini-
tiation of thiopurine treatment was 18 weeks (range, 4.75-134
weeks) in patients with the C/T genotype and 5 weeks (range,
2-9.5 weeks) in patients with the C/C genotype (P=0.018)
(Fig. 1C). The percentage of patients who required discontinu-
ation of thiopurine treatment (Table 3) and the cumulative
continuation rate of thiopurine treatment (Fig. 1D) were not
significantly different between patients with C/C and C/T
genotypes (P=0.976 and P=0.895, respectively).

3. Thiopurine Monotherapy for Maintenance
Remission in Patients with UC

The characteristics of UC patients with C/C and C/T genotype

in this analysis are shown in Table 4. These patients were

treated with thiopurine without anti-TNF-o agents as mainte-
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nance therapy. The 6-MP dosage were significantly higher for
patients with the C/C genotype (median, 0.535 mg/kg/day)
than for those with the C/T genotype (median, 0.274 mg/kg/
day; P<0.001), but median 6-TGN levels in patients with the
C/C and C/T genotypes were 333 pmol/8x 10° RBCs and 244
pmol/8 x 10° RBCs, respectively, without significant difference
(P=0.142). The cumulative non-relapse rate for 60 months af-
ter initiation of thiopurine monotherapy was not significantly
different between patients with C/C and C/T genotypes (P=
0.339) (Fig. 2).

4. Thiopurine Therapy Combined with Anti-TNF-a Agents
for Maintenance Remission in Patients with CD

The characteristics of CD patients with C/C and C/T geno-

types in this analysis are shown in Table 5. Similar to the trend

observed in UC patients, the percentage of the patients treated

with 6-MP was significantly higher for patients with the C/T

www.irjournal.org
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Table 4. Patient Characteristics of Analysis by Cumulative Non-

Relapse Rate in UC

https://doi.org/10.5217/ir.2020.00133 « Intest Res 2022;20(1):90-100

Table 5. Patient Characteristics of Analysis by Cumulative Sur-

gery-Free Rate in CD

Characteristics C/C(n=32) C/T(h=14) P-value Characteristics C/C(n=56) C/T(n=13) P-value
Age (yr) 435 40.5 0.224 Age (yr) 37.0 34.0 0.570
(30.3-58.3) (27.8-43.5) (26.0-46.5) (23.5-43.5)

Male sex 24 (75.0) 7 (50.0) 0.096 Male sex 37 (66.1) 10 (76.9) 0.530

Duration of disease (mo) 80 (32-179) 99 (26-173)  0.800 Duration of disease (mo) 72 (9-144) 180 (7-252) 0.310

Disease location 0.824 Previous resections 28 (50.0) 9(69.2) 0.190
Extensive 21 (65.6) 11 (84.6) Disease location 0.420
Left-side 10 (31.3) 3(15.4) lleal 9(16.1) 1(7.7)

Proctitis 1(3.1) 0 lleocolic 43 (76.8) 12(92.3)

Intractable 28 (87.5) 10 (71.4) 1.000 Colic 4(7.1) 0
Steroid-dependent 23 (71.9) 8 (57.1) Anti-TNF-a agents 0.990
Steroid-resistant 5(15.6) 2(14.3) IFX 44 (78.6) 11 (84.6)

Thiopurine treatment 0.845 ADA 12 (21.4) 2(15.4)
6-MP 15 (46.9) 7 (50.0) Thiopurine treatment 0.012
AZA 17 (53.1) 7 (50.0) 6-MP 24 (42.9) 11 (84.6)

Duration of thiopurine 28.0 21.0 0.453 AZA 32(57.1) 2(15.4)
treatment (mo) (17.5-68.8) (11.8-63.3) Duration of thiopurine 26.5 26.5 0.702

6-MP dose (mg/kg/day)® 0.535 0.274 <0.001 treatment (mo) (10.3-44.4) (15.8-58.8)

(0354-0.735)  (0.212-0.354) 6-MP dose (mg/kg/day)’ 048 0.19 <0001
6-TGN levels 333 (258-528) 244 (91-335) 0.142 (0.38-0.59) (0.16-0.30)
(pmol/8 x 10" RBCs) 6-TGN levels 264 152 0.170
Values are presented as median (interquartile range) or number (%). (pmol/8 x 10° RBCs) (208-455) (111-287)

*AZA doses were adjusted to 6-MP equivalents using a conversion factor
of 2.08.

UC, ulcerative colitis; 6-MP, 6-mercaptopurine; AZA, azathioprine; 6-TGN,
6-thioguanine nucleotides; RBCs, red blood cells.

100

v g
2 ©
(]
E ;_‘w’% 50
5%
S == (C/C(n=32) Log-rank test
= -+. CT(h=14) P=0.339
0 | | |
20 40 60
Months
c/c 32 28 22 15 1 8
(i} 14 1l 9 7 6 4

Fig. 2. Cumulative non-relapse rate for 60 months in ulcerative
colitis patients with NUDT15 C/C and C/T genotypes. The patients
were treated with thiopurine as maintenance remission.

genotype than for those with the C/C genotype (P=0.012).
The 6-MP dosage was significantly higher for patients with the

www.irjournal.org

Values are presented as median (interquartile range) or number (%).
°AZA doses were adjusted to 6-MP equivalents using a conversion factor
of 2.08.

CD, Crohn's disease; TNF, tumor necrosis factor; IFX, infliximab; ADA,
adalimumab; 6-MP, 6-mercaptopurine; AZA, azathioprine; 6-TGN,
6-thioguanine nucleotides; RBCs, red blood cells.

C/C genotype (median, 0.48 mg/kg/day) than for those with
the C/T genotype (median, 0.19 mg/kg/day; P<0.001), but
6-TGN levels were not significantly different (P=0.17). The cu-
mulative surgery-free rate without change of therapy for 60
months after initiation of thiopurine combination therapy
were not significantly different between patients with the C/C
and C/T genotypes (P=0.422) (Fig. 3).

5. Time-Course Changes of WBC Count and MCV

We investigated the changes of WBC count and MCV in the
patients with the C/C and C/T genotypes. We defined the
WBC count at start of the treatment with thiopurine as 100%.
The WBC counts of both groups gradually decreased after
start of the treatment with thiopurine. The WBC counts at 3
months in the C/T genotype and in the C/C genotype de-
creased significantly from that at the baseline (P<0.001 and

95



Takato Maeda, et al. ® Thiopurine for IBD patients with NUDT15 heterozygosity

P<0.001, respectively) (Fig. 4A). The WBC counts in the C/T
genotype were significantly lower than that in the C/C geno-
type at 48, 60, 72, 96 months after start of the treatment with
thiopurine (P=0.039, P=0.049, P=0.008, P=0.039, respective-
ly) (Fig. 4A). MCV also gradually increased after initiation of
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Fig. 3. Cumulative surgery-free rate without change of therapy
for 60 months in Crohn's disease patients with NUDT15 C/C and
C/T genotypes. The patients were treated with combination thera-
py (thiopurine+anti-tumor necrosis factor-a agent).
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thiopurine. The MCV at 6 months in the C/T genotype and at
3 months in the C/C genotype increased significantly from
that at the baseline (P=0.002 and P<0.001, respectively) (Fig.
4B). The MCV in the C/T genotype were significantly higher
than that in the C/C genotype at 60, 72 months after start of
the treatment with thiopurine (P=0.016 and P=0.033, respec-
tively) (Fig. 4B).

Next, we analyzed the changes of WBC count and MCV for
UC or CD individually in the patients with the C/C and C/T
genotypes. The WBC counts of both CD and UC gradually de-
creased after start of the treatment with thiopurine. In UC pa-
tients, the WBC counts at 3 months in the C/T genotype and
at 6 months in the C/C genotype decreased significantly from
that at the baseline (P=0.004 and P<0.001, respectively) (Fig.
4C). There were no differences of the change in WBC counts
between the C/C and C/T genotype (Fig. 4C). The MCV at 3
months in the C/T genotype and at 6 months in the C/C geno-
type increased significantly from that at the baseline (P<0.005
and P=0.01, respectively) (Fig. 4D). The MCV in the C/T geno-
type was significantly higher than that in the C/C genotype at
60 months (P=0.048). In CD patients, the WBC counts at 3
months in the C/C genotype and at 12 months in the C/T gen-
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Fig. 4. Time-course of change in white blood cell (WBC) count (A, C, E) or mean corpuscular volume (MCV) (B, D, F) for 120 or 60 months
in patients with NUDT15 C/C and C/T genotypes. Data represents median (interquartile range). *Statistically significant difference between
the C/C and C/T genotypes (P<0.05). Statistically significant difference from the start of thiopurine therapy ("C/C genotype; ‘C/T geno-

type, P<0.05). UC, ulcerative colitis; CD, Crohn's disease.
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otype decreased significantly from that at the baseline
(P<0.001 and P=0.002, respectively) (Fig. 4E). There were no
significant differences in increase of MCV between the C/C
and C/T genotypes. The MCV at 3 months in the C/C geno-
type and at 24 months in the C/T genotype increased signifi-
cantly from that at the baseline (P<0.001 and P=0.002, re-
spectively) (Fig. 4F). There were no differences of the change
in WBC count and MCV between the C/C and C/T genotype
(Fig.4E and F).

DISCUSSION

Genotyping of NUDT15 R139C has been shown to be the best
way to predict thiopurine-induced AEs in Asian populations
with IBD.""'® Patients with NUDT15 C/T and T/T genotypes
have a high risk of developing thiopurine-induced AEs be-
cause these variants of NUDT15 cause excessive levels of thio-
purine active metabolites (such as 6-TdGTP and 6-TGTP in-
cluding in 6-TGN) that are incorporated into DNA or RNA, re-
sulting in dose-dependent AEs."” In patients with the C/T gen-
otype, low-dose 6-MP (0.2-0.3 mg/kg/day) may be acceptable,
but its long-term efficacy and tolerability remain unclear.

The frequency of NUDT15 polymorphism in this study was
similar to that reported in previous studies in the East Asian
population.”*"" The development of AEs was more frequent
in patients with C/T and T/T genotypes than in those with the
C/C genotype. Patients with the T/T genotype should avoid
thiopurine treatment because almost all of these patients ex-
perience severe AEs such as early severe leukopenia. In this
study, one of the 4 patients with the T/T genotype developed
late leukopenia. Low initiative dose of thiopurine, the poor pa-
tient compliance due to nausea, and poor absorption due to
short bowel syndromes by multiple CD-related surgeries was
thought to affect the results. Although the development of AEs
in patients with the C/T genotype was more frequent than in
patients with the C/C genotype, the frequency of thiopurine
discontinuation or long-term continuation of thiopurine treat-
ment was not significantly different. AEs observed in patients
with the C/T genotype were mostly alleviated by reducing the
thiopurine dosage. Compared with AZA, 6-MP is more useful
for these patients because finer dose adjustment is possible
due to its fine grain. Careful monitoring of WBC count is need-
ed to avoid severe AEs as well as dose adjustment.”” In the
present study, the decrease rate in WBC count from baseline
did not shown significant differences between the C/T and C/
C genotype in the early phase. However, the decrease rate of
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WBC count in the C/T genotype was significantly higher than
that in the C/C genotype in the late phase. Therefore, more
careful long-term monitoring of WBC count with a dose ad-
justment is needed in case of C/T genotype.

Thiopurine is more effective in maintaining mucosal heal-
ing in UC than in CD." Thiopurine is the key drug for main-
taining remission of UC, and at our institution, thiopurine is
mainly used in combination with mesalazine. In this study,
the cumulative non-relapse rates of UC patients with C/C and
C/T genotypes were compared to assess the long-term effica-
cy of thiopurine for maintenance therapy. The results showed
that the non-relapse rate of patients with the C/T genotype
was not significantly different from that of patients with the C/
C genotype.

In CD patients, combination therapy with thiopurine and
anti-TNF-a agent showed more favorable outcomes than anti-
TNF-a. monotherapy.* Previous reports have shown that only
about 20% of patients treated with thiopurine sustain mucosal
healing after 2 years." At our institution, thiopurine, in combi-
nation with infliximab (IFX) is mainly used to maintain remis-
sion in patients with CD. We calculated long-term cumulative
surgery-free rates without change of therapy between CD pa-
tients with C/C and C/T genotypes treated with combination
therapy and observed no significant difference between the 2
groups. These results suggest that low-dose thiopurine treat-
ment for patients with the C/T genotype can be continued
and is effective for maintenance therapy.

The effectiveness of thiopurine is considered to be associat-
ed with serum 6-TGN levels. In our study, the overall analysis
including both CD and UC showed a significant difference of
6-TGN levels between the C/C and C/T genotype. However,
the significant difference was disappeared in the individual
analysis of UC or CD. The decrease of the number of patients
in the individual analysis was thought to affect the result. Pre-
vious studies have reported that 6-TGN levels correlated with
the therapeutic efficacy of thiopurine are 230-450 pmol/8 x 10°
RBCs.""” In this study, the ranges of 6-TGN levels in UC pa-
tients with C/C and C/T genotypes exceeded 230 pmol/8 x 10°
RBCs and were not significantly different between 2 groups.
In addition, maintaining 6-TGN levels above 125 pmol/8x 10°
is adequate for achieving therapeutic levels of IFX in the pa-
tients treated with combination therapy (IFX and AZA or
6-MP).”! In this study, 6-TGN levels in CD patients with C/C
and C/T genotypes were above 125 pmol/8 x 10° and were not
significantly different between the 2 groups. These results sug-
gest that even low-dose thiopurine can achieve a therapeutic

97



Takato Maeda, et al. ® Thiopurine for IBD patients with NUDT15 heterozygosity

range of 6-TGN levels and expected efficacy in patients with
the C/T genotype. However, levels of IFX were not assessed in
our study, and it is still unclear whether serum IFX levels in
patients treated with thiopurine are different between the C/T
and C/C genotypes.

MCV is thought to be one of surrogate indicators of 6-TGN
concentration.”” MCV gradually increased after start of the
treatment with thiopurine in both groups. While the increase
of MCV in the C/T genotype was significantly higher than that
in the C/C genotype at the several points after thiopurine ther-
apy, that was not stable. MCV is known to be influenced by
various nutritional factors such as iron deficiency and con-
comitant drugs.” In the present study, the number of patients
with iron concentration available was small and further stud-
ies would be required to clarify this point.

As for fine adjustment of dosage, the median maintenance
dosage of thiopurine for all patients with the C/T genotype
was 0.25 mg/kg/day (as 6-MP dosage), and median 6-TGN
level was 230 pmol/8 x 10° RBCs. Compared with those in pa-
tients with the C/C genotype, both parameters were signifi-
cantly low. However, the development of all AEs was more fre-
quent in patients with the C/T genotype. These data suggest
that the index of 6-TGN levels itself might not be an appropri-
ate marker for predicting thiopurine-induced AEs in patients
with the C/T genotype. Other appropriate indicators for
6-TGN levels should be identified that reflect thiopurine me-
tabolites. In fact, a previous study reported that 6-TGN levels
are not associated with NUDT15 R139C related thiopurine-
induced leukopenia in Japanese patients with IBD." Recently,
measuring DNA-incorporated thioguanine metabolites (i.e.,
6-TGTP and 6-TdGTP) in WBCs has been shown to be a better
predictive marker for thiopurine-induced leukopenia than
6-TGN levels, because they are more directly related to DNA

damage."**

Measurements of DNA-incorporated thioguanine
might be a predictive factor for the development of AEs and
therapeutic effectiveness in patients with NUDT15 variants.
Further studies are needed to confirm this.

There are several limitations in this study. First, this was a
retrospective, small and single-center cohort study. Recent
studies indicate that the prevalence of NUDT15 C/T genotype
is about 20% in Japanese patients with IBD.""*” It is not easy to
monitor the patients with NUDT15 C/T genotype who receive
thiopurine over the long time. Though the sample size of is
small, the present study is thought to contain important
meanings. Second, our analysis included patients who had

started thiopurine treatment before investigating NUDT15
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R139C variants, which may result in a bias in the initial dosage
of thiopurine and frequency of AEs. Further analyses such as
prospective or multicenter analyses should be performed to
investigate the efficacy of thiopurine treatment in the patient
with C/T genotype.

In conclusion, our study shows that low-dose thiopurine
treatment for patients with the NUDT15 C/T genotype can be
continued without severe AEs by fine adjustment of the dos-
age and is as effectiveness as maintenance therapy with stan-
dard dosage of thiopurine for patients with the C/C genotype.
Our data suggest that the dosage adjustment of thiopurine as
determined by NUDT15 variant provides favorable effects to
maintain remission in IBD.
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See “Long-term efficacy and tolerability of dose-adjusted thiopurine treatment in maintaining remission in inflam-
matory bowel disease patients with NUDT15 heterozygosity” on page 90-100.

210 IBD patients genotyped for NUDT15R139C were enrolled
[UC 103, CD 107] (from January 2015 to October 2018)

« Never used thiopurines (n = 66)

« Patients with T/T genotype (n=6)

138 Patients treated with
thiopurines
[C/C 108, C/T 30]
(Fig. 1D)

62 UC patients

76 CD patients

[C/C 46, C[T 16]

[C/C62,CIT14]

« 8 Patients switched to anti-TNF monotherapy
« 6 Patients treated with thiopurines less then 3 months

_| * 6 Patients treated with thiopurines monotherapy
« 1 Patient with insufficient clinical data

46 UC patients treated with
thiopurines for maintenance
remission
[C/C32,CT14]
(Table 4)

69 CD patients combined use
with anti-TNF agents
[C/C 56, CIT13]

(Table 5)

Supplementary Fig.1. Flow of the analysis in this study. In total, 210 patients with inflammatory bowel disease (IBD) genotyped for

NUDT15R139C were enrolled. Among them, 138 patients with C/C or C

[T genotype exposed to thiopurines were analyzed for cumulative

thiopurine continuation rate (Fig. 1D). Of them, 46 patients with ulcerative colitis (UC) who received thiopurines on maintenance therapy

were analyzed for cumulative non-relapse rate (Table 4, Fig. 2), and 69

patients with Crohn's disease (CD) receiving combination therapy

with anti- tumor necrosis factor (TNF)-a agents were analyzed for cumulative surgery-free rate (Table 5, Fig. 3).
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