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1 | INTRODUCTION

Pemphigus vulgaris (PV) is an acquired autoimmune disease, char-
acterized by erythema, loose blisters, and erosions found to occur

Abstract

Azathioprine (AZA) is the preferred immunosuppressant for treating pemphigus vul-
garis (PV), with discontinuation mainly attributed to hematological adverse events (AE).
Reportedly, nucleoside diphosphate-linked moiety X-type motif 15 (NUDT15) polymor-
phisms have been strongly associated with thiopurine-induced leukopenia. To investigate
hematological AE of low-dose AZA based on NUDT15 genotypes among patients with
PV, a prospective cohort study was conducted in patients with PV, followed-up for the
first 8 weeks after AZA administration. All patients were divided into wild homozygous
and heterozygous NUDT15 groups. Both groups initiated AZA at low dose (50 mg/day)
and continued with different dose-escalating approaches. Bone marrow suppression was
considered the principal outcome. Overall, 62 patients with PV were enrolled (48 in the
wild homozygous NUDT15 group vs. 14 in the heterozygous NUDT15 group). Except for
median maintenance doses of AZA, no statistically significant differences were observed
between the two groups in terms of age, sex, white blood cells, neutrophil count, platelet
count, hemoglobin level, median final doses of corticosteroids (mg prednisone equivalent),
pemphigus disease area index, and anti-desmoglein 1/3 autoantibodies. In both groups,
patients presented similar hematological AE and treatment responses after administra-
tion of different low-dose AZA treatment strategies. Low-dose AZA based on NUDT15

genotypes can reduce the risk of early hematological AE among patients with PV.

KEYWORDS
adverse events, azathioprine, leukopenia, NUDT15, pemphigus vulgaris

on the mucosa and skin.>? In the early 1950s, approximately 75% of
patients with PV reportedly died within a year.® Following the intro-
duction of corticosteroid treatment, the mortality rate decreased to
15-45%. In the late 1960s, researchers observed that the combined
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use of corticosteroids and adjuvant immunosuppressants further
decreased mortality attributed to PV to 5-10%.5 The latest PV
management guidelines recommend azathioprine (AZA) as the pre-
ferred immunosuppressant, with strength of recommendation B.S™
AZA exerts pharmacological effects by interfering with purine biosyn-
thesis and modifying the DNA structure via the incorporation of thio-
purine analogs into nucleic acids.*® Following absorption, AZA first
converts to 6-mercaptopurine via a non-enzymatic reaction. Next,
AZA is metabolized to 6-thioguanine nucleotides (6-TGN) through
three major enzymatic pathways, mediated by xanthine oxidase (XO),
thiopurine S-methyltransferase (TPMT), or hypoxanthine phosphori-
bosyltransferase (HGPRT), respectively.'>*2 During this process, the
generation of an excessive serum concentration of 6-TGN could re-
sultin a series of severe adverse events (AE), including hematological,
hepatic, and pancreatic toxicities.® Several studies have revealed that
TPMT variants are strongly associated with AZA-induced AE.**"%¢ To
date, multiple TPMT variants have been reported, including TPMT*1,
TPMT*2, TPMT*3A, TPMT*3B, TPMT*3C, and TPMT*4;*""21 TPMT*3C is
the most frequently observed variant among East Asians.?° However,
TPMT variants have been detected in only 3% of East Asians, 1719721
which fails to explain the high prevalence (>30%) of AZA-induced
bone marrow suppression observed among East Asian patients.”‘22
In 2014, Yang et al.?* first reported that nucleoside diphosphate-
linked moiety X-type motif 15 (NUDT15) polymorphisms are strongly
associated with thiopurine-induced leukopenia in Korean patients
with inflammatory bowel disease (IBD). NUDT15 is a 164 amino acid
protein that can prevent 8-oxo-guanine from being incorporated into
DNA, thereby eliminating thiopurine-associated AE.?® Since then,
an increasing number of studies have revealed that NUDT15 is a
more common risk factor associated with AZA-induced hematolog-
ical AE among Asian patients than TPMT.?124-26 However, most of
these studies were restricted to patients with gastrointestinal tract
diseases or hematonosis, and few performed in patients with PV.%7
Herein, we describe a prospective cohort study in patients with PV at
our hospital, evaluating the safety of different low-dose AZA treat-
ment strategies. Specifically, we aimed to identify whether NUDT15
(rs116855232) or TPMT*3C (rs1142345) polymorphisms are more
common among Chinese individuals. As the first 8 weeks are report-
edly key periods for the occurrence of early bone marrow suppres-

sion after AZA administration,24'25

we investigated hematological AE
during these first 8 weeks. Simultaneously, we briefly evaluated other

AE, as well as the efficacy of treatment strategies employed.

2 | METHODS

2.1 | Study sites

This prospective cohort study was conducted at the Department
of Dermatology, West China Hospital (WCH), Sichuan University,
China, from 1 July 2016 to 31 August 2018. This mono-centric study
was performed at a 4950-bed tertiary teaching hospital, one of the
largest single-site hospitals in the world. Study participants were
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from all over mainland China, with diverse ethnic and demographic
backgrounds. The study protocol was approved by the Ethics

Committee of WCH, Sichuan University (2017, no. 96) and regis-
tered in the Chinese Clinical Trial Registry (ChiCTR-OIC-1701175).

2.2 | Study participants and enrollment criteria

All participants were diagnosed with PV at WCH during the study
period and were recruited consecutively following signed informed
consent, considering strict inclusion and exclusion criteria. The in-
clusion criteria were as follows: (i) aged 18-75 years; and (ii) con-
firmed PV. Diagnosis required clinical presentation, PV-consistent
histopathology, and either positive direct immunofluorescence (DIF)
or serological detection of immunoglobulin (Ig)G autoantibodies
against desmoglein (Dsg)3 and/or Dsgl by enzyme-linked immu-
nosorbent assay (ELISA). For PV, the clinical presentation includes
flaccid blisters and erosions involving the skin and/or oral mucosa,
and histopathology involving epidermal acantholysis; in terms of DIF
microscopy, either IgG and/or complement component 3 deposits
can be observed at the keratinocyte cell membrane.

The following patients were excluded from the study: (i) those
presenting contraindications for AZA therapy, including the pres-
ence of homozygous variants of TPMT*3C or NUDT15; (ii) those
diagnosed with hematological diseases, especially leukopenia; (iii)
women who were pregnant or had plans to get pregnant; (iv) those
with clear indications of infections, malignant tumors, or chronic dis-
eases, including severe hepatopathy, chronic renal failure, cardiovas-
cular/pulmonary diseases, and neurological/psychiatric disorders; (v)
those who were reluctant to provide informed consent or were un-

able to complete the entire study.

2.3 | Determination of TPMT*3C and
NUDT15 genotypes

For each patient, genotypes of TPMT*3C and NUDT15 were deter-
mined before AZA treatment. DNA, extracted from peripheral blood
samples, was employed for TPMT*3C and NUDT15 genotyping using a
TaqMan® double fluorescence probe hybridization assay, performed at
the Department of Laboratory Medicine at our hospital. TagMan PCR
reactions proceeded in 30 uL TagMan Universe PCR Master Mix (SINO-
ERA JIYIN TECH CO.LTD) containing approximately 30 ng genomic
DNA, 0.1 uM TagMan probes. The sequences of the TagMan probes
for TPMT*3C (rs1142345) were FAM-GTAAGTAGA(T)ATAACTT-
BHQ1 and HEX-GTAAGTAGA(C)ATAACTT-BHQ1, and the TagMan
probes for NUDT15 (rs116855232) were FAM-TTCTGGGGACTG(T)
GTTGTTTAAAA-BHQ1 and HEX-TTCTGGGGACTG(C)GTTGTTTA
AAA-BHQ1. The TPMT*3C variants (8/171 or 4.7% with heterozygote
alone) were lower than NUDT15 variants (45/171 or 26.3%) in the en-
rolled patients (Table S1; see Supplementary Information). Our study fo-
cused on patients with NUDT15 variants to evaluate the hematological
safety of different AZA treatment strategies described below.
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2.4 | Treatment protocols

According to the strict inclusion and exclusion criteria described
above, 48 patients with wild homozygous NUDT15 (wild-type group)
and 14 patients with heterozygous NUDT15 (heterozygous group)
were included in the present study (62 patients were all with wild
homozygous TPMT*3C) (Figure 1). In the first 4 weeks, AZA was
initiated at a low dose (50 mg/day) in both groups during the first
week.?28%7 The wild-type group underwent a dose-escalation ap-
proach (increased dose by 25 mg weekly to the target dose at
100 mg/day) mainly used and approved by gastroenterologists for
the treatment of IBD, with proven safe and efficacious results.?8-%?
A less radical and more conservative regimen was performed in the
heterozygous group, including a constant AZA dose of 50 mg/day
between week 2 and 4. Weekly routine blood tests were performed
during this period. In the following 4 weeks, AZA was increased by
25 mg biweekly until the target dose (100 mg/day) was attained, and
white blood cell (WBC) levels were monitored every 2 weeks.

2.5 | Treatment outcome measures

In the present study, bone marrow suppression (especially leukope-
nia) was considered the principal AE. According to the World Health

Heterozygous NUDT1S group
Wild homozygous NUDT1S5 group

Dose maintenance
| Maintain AZA at 50 mg/day as long as there is
no leukopenia

Initial dose ‘ Drug withdrawal

50 mg/day | Leukopenia

1st Week 2nd to 4th week

Initial dose Dose increase

50 mg/day No drop of WBC, increase the dose by 25 mg

weekly to target dose (100 mg/day)

Dose maintenance
Obvious drop of WBC but no leukopenia,
maintain AZA at 50 mg/day

Drug withdrawal
Leukopenia

Organization (WHO) criteria (Table S2) and studies related to AZA-
induced hematological AE (Table S3), bone marrow suppression was
defined as follows: blood WBC count less than 3.5 x 10%/L, neutro-
phil (NEU) count less than 1.5 x 10%/L, platelet (PLT) count less than
100 x 10%/L, or hemoglobin (Hb) less than 100 g/L, with leukopenia
defined as a WBC count less than 3.5 x 10%/L.

Secondary AE included hepatotoxicity (defined as alanine ami-
notransferase and/or aspartate aminotransferase 22 times the nor-
mal upper limit) and pancreatitis and were assessed by biochemical
tests performed at week 0, 4, and 8. Other secondary AE included
influenza-like symptoms (dizziness, fever, chills, and general malaise),
gastrointestinal AE (nausea, vomiting, reduced appetite, diarrhea,
and stomachache), hair loss, skin rash, myalgia, and arthralgia, col-
lected by clinicians during the follow-up period.

Furthermore, evaluation of the pemphigus disease area index
(PDAI) score and anti-Dsg1/Dsg3 IgG autoantibodies by ELISA was
performed at week 0, 4, and 8 to determine treatment response.

2.6 | Statistical analysis

To describe baseline characteristics of the two groups, the
mean + standard deviation (SD) were employed for normally
distributed variables and percentages for categorical variables.

Dose increase
No drop of WBC, increase the dose by 25 mg biweekly to
target dose (100 mg/day)

Dose maintenance
Acceptable drop* of WBC but no leukopenia, maintain AZA at
50 mg/day

Drug withdrawal
Obvious drop® of WBC or leukopenia

5th to 8th week

Dose increase
No drop of WBC, increase the dose by 25 mg biweekly to
target dose (100 mg/day)

Dose maintenance
Acceptable drop of WBC but no leukopenia, maintain the
original dose

Dose reduction
Obvious drop of WBC but no leukopenia, decrease AZA to 50
mg/day

Drug withdrawal
Leukopenia

FIGURE 1 AZA treatment strategies between two groups of PV patients with wild homozygous or heterozygous NUDT15. ?*Obvious
drop defined as two successive drops of WBC over 3 x 10°/L. PAcceptable drop defined as two successive drops of WBC within 3 x 107/L.
Abbreviations: AZA, azathioprine; NUDT15, nucleoside diphosphate-linked moiety X-type motif 15; PV, pemphigus vulgaris; WBC, white

blood cell
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Additionally, we used an independent-sample t-test to compare
baseline quantitative variables between the two groups and the Xz—test
for qualitative variables.

To assess bone marrow suppression and treatment response
changes during the 8 weeks, line charts were employed to visually
express changes in WBC, NEU, PLT, Hb, anti-Dsg1/Dsg3 autoanti-
bodies, and PDAI. Next, the outcome of these indicators was lon-
gitudinally measured at different time points, comparing whether
these indicators were also affected by other confounding factors be-
tween the two groups; therefore, multilevel linear regression analy-
sis (MLRA) was adopted (formula in Supplementary Information).®
In the model, bone marrow suppression and treatment response
indicators were set as dependent variables and a categorical vari-
able of the group was set as an independent variable; other variables
such as age, sex, corticosteroid dose, and time were also adjusted for
possible confounding effects.

Finally, we compared the incidence of bone marrow suppression/
leukopenia between the two groups using the Xz-test or Fisher’s
exact test. p < 0.05 was considered significant. All statistical analy-
ses were performed using the R software (version 3.5.3; Foundation

for Statistical Computing).

3 | RESULTS
3.1 | Patient characteristics
Overall, 62 eligible patients with PV were included in the present study.

Patients were divided into two groups, including 48 patients in the
wild homozygous NUDT15 group and 14 patients in the heterozygous

TABLE 1 Comparison of characteristics between two groups

® DERMATOLOGY

NUDT15 group. The median maintenance doses of the patients with
heterozygous NUDT15 (50 mg/day) were significantly lower than pa-
tients with wild homozygous NUDT15 (100 mg/day) (p < 0.001) from
1st to 8th week. Except for median maintenance doses of AZA, no
other characteristics like demographic characteristics (age and sex),
baseline laboratory measurements (blood cell counts), median final
doses of corticosteroids (mg prednisone equivalent), or disease activ-

ity (PDAI) significantly differed between the two groups (Table 1).

3.2 | Changes in adverse events between
two groups

Figure 2 presents changes in indicators of bone marrow sup-
pression during the treatment period. In general, the indicators
fluctuated more dramatically among patients with heterozygous
NUDT15. All indicators decreased more substantially during weeks
2 and 3 in patients with heterozygous NUDT15. However, indicator
lines between the two groups seemed to coincide after week 6. In
total, eight of the 62 patients exhibited secondary AE (five patients
exhibited hepatotoxicity, three patients exhibited influenza-like
symptoms) (Table S4). No patient exhibited pancreatitis, gastro-
intestinal side-effects, hair loss, skin rash, myalgia, or arthralgia.

3.3 | Changes in treatment responses between
two groups

Figure S1 shows changes in treatment response indicators. All
indicators were decreased at each follow-up visit. Based on

Patients with heterozygous NUDT15

Patients with wild homozygous NUDT15

Indicators (n=14) (n=48) p-value
Age, years 43.36 + 10.31 47.92 +12.32 0.212
Sex
Male 7 (50.00%) 25(52.08%) 0.891
Female 7 (50.00%) 23 (47.92%)
Baseline laboratory findings
WBC, x10°/L 11.22 +3.44 11.75+ 3.84 0.654
NEU, x10%/L 8.30 + 3.60 8.60 +3.77 0.788
PLT, x107/L 228.57 + 63.17 253.68 + 81.72 0.295
Hb, g/L 148.57 + 24.30 144.43 +17.73 0.485
Anti-Dsg1, u/mL 114.84 + 96.18 96.24 +71.62 0.455
Anti-Dsg3, u/mL 128.67 + 95.86 115.15 £ 64.92 0.554
PDAI 14.21 + 15.70 10.38 +12.16 0.347
Median maintenance doses of AZA, mg/day 50 100 <0.001
Median final doses of corticosteroids, mg/ 27.5 26.25 0.793
day

Abbreviations: anti-Dsg1, anti-desmoglein 1; anti-Dsg3, anti-desmoglein 3; AZA, azathioprine; Hb, hemoglobin; NEU, neutrophil; NUDT15, nucleoside
diphosphate-linked moiety X-type motif 15; PDAI, pemphigus disease area index; PLT, platelet; WBC, white blood cell.
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FIGURE 2 Changesin bone marrow suppression indicators (WBC, NEU, PLT, and Hb) between two groups within 8 weeks. Abbreviations:
Hb, hemoglobin; NEU, neutrophil; NUDT15, nucleoside diphosphate-linked moiety X-type motif 15; PLT, platelet; WBC, white blood

cell

grading criteria for disease severity by PDAI as established in
Japan (0-8 for mild, 9-24 for moderate, and 225 for severe dis-
ease),34 the condition was reduced from moderate to mild in

both groups.

3.4 | Comparison of changes in bone marrow
suppression and treatment response indicators
between two groups

The MLRA results on comparing bone marrow suppression and treat-
ment response indicators between the two groups are shown in
Table 2. After adjusting for possible confounding variables, we ob-
served no significant difference in bone marrow suppression and treat-
ment response indicators between the two groups. For instance, the
WABC count of patients with heterozygous NUDT15 was 0.672 units
less than that of patients with wild-type NUDT15; however, the dif-
ference was not statistically significant. Similarly, NEU, PLT, Hb, anti-
Dsg1/Dsg3 autoantibodies, and PDAI were slightly lower or higher
in patients with heterozygous NUDT15 than in another group, but
differences were not statistically significant. These results indicated
that heterozygous NUDT15 patients and wild homozygous NUDT15
patients had similar hematological AE after the administration of dif-
ferent treatments.

3.5 | Comparison of incidence of bone marrow
suppression and leukopenia between two groups

We compared the number of patients who developed bone mar-
row suppression/leukopenia within the two groups (Table 3). Only
one patient with heterozygous NUDT15 developed bone marrow
suppression (owing to the reduced WBC, NEU, PLT), while four pa-
tients with wild-type NUDT15 developed bone marrow suppression
(mainly because of reduced PLT and Hb) (Table S5); however, this
difference was not statistically significant. Among the 62 patients,
only one patient in the heterozygous NUDT15 group developed leu-
kopenia, failing to present statistical significance.

4 | DISCUSSION

Azathioprine has been recommended as the first corticosteroid-
sparing agent for patients with PV for over 20 years,®%3%3¢ thus al-
lowing historically high complete remission rates (28-45%) and low
mortality rates (1.4-7%) with corticosteroid-only treatment.>%7-4°
However, AE such as leukopenia may lead to life-threatening infec-
tions that result in treatment discontinuation. For nearly 40 years,
TPMT has been considered the most relevant gene in AZA-induced
leukopenia.®® However, one study has reported that NUDT15
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Patients with heterozygous

Patients with wild

TABLE 3 Comparison of incidence of
bone marrow suppression/leukopenia

NUDT15 homozygous NUDT15 p-value between two groups within 8 weeks
Develop bone marrow suppression
Yes 1 4 0.990%
No 13 44
Develop leukopenia
Yes 1 0 0.226°
No 13 48

Abbreviations: NUDT15, nucleoside diphosphate-linked moiety X-type motif 15.

#Using Xz-test with continuity correction (1 < expected count < 5).
bUsing Fisher’s exact test (the expected count <1).

variants are more common among East Asians.?! In our study sam-
ple, NUDT15 variants were found to predominate among Chinese
patients when compared with TPMT*3C (26.32% vs. 4.68%), which
was consistent with previous reports.*#?

Although the association between NUDT15 and AZA-induced
hematological AE has been reported in gastrointestinal tract dis-
eases and hematonosis, limited data is available in terms of der-
matosis. Recently, our group presented a Chinese PV patient with
heterozygous NUDT15 who developed leukopenia after AZA ad-
ministration.*® More recently, Shih et al.** have reported two other
PV patients with homozygous variants of NUDT15 who developed
severe bone marrow suppression. However, these were only limited
to case reports. To our knowledge, this is the first cohort study pre-
senting the hematological safety profiles of NUDT15 polymorphisms
in Chinese patients with PV. Furthermore, although a general rec-
ommended AZA application method exists (2-3 mg/kg/day),*® a
specific and safe strategy to reach the therapeutic dose needs to
be established. A survey regarding how gastroenterologists pre-
scribe AZA reported that only 28% of physicians choose to start
AZA at 2.5 mg/kg/day in clinical practice.?’ In East Asia, some gas-
troenterologists prefer to use a low starting dose (50 mg/day), and
then gradually increase the dose.?®32 In China, a step-up strategy
was performed by initiating AZA at 25 mg/day for 2 weeks, then
increasing 25 mg biweekly.*2 Based on these studies, we considered
that a gradual dose increment strategy is beneficial to reduce AZA-
induced hematological AE. Moreover, patients with PV typically
require higher doses and prolonged corticosteroid treatment. The
WBC-decreasing effect of AZA would be compensated by the WBC-
increasing effect of the corticosteroids,*® leading to normal WBC
counts. This highlights the importance of monitoring the changing
trends in WBC levels during AZA treatment. Therefore, we propose
a treatment strategy that involves initiating AZA with a low dose,
followed by dose adjustment and accompanied by monitoring the
changing trend of WBC counts with therapeutic doses. Our study is
the first to address how dermatologists can prescribe AZA specifi-
cally in clinical practice among patients with PV.

Following AZA treatment, we observed changes in WBC, NEU,
PLT, and Hb levels between the two groups, with the mean values
of the four indicators fluctuating during the first 6 weeks in the two
groups; in week 3, these indicators revealed the lowest values, with

the trend appearing to stabilize after week 6. This phenomenon was
consistent with a previous report, in which the first 8 weeks were
key periods for early leukopenia after AZA treatment, especially
weeks 3 and 4.

Compared with the wild homozygous NUDT15 group, WBC, NEU,
and PLT in patients with heterozygous NUDT15 were 0.672 x 10%/L,
0.508 x 10%/L, and 15.083 x 107?/L lower, respectively; in contrast,
Hb was 0.578 g/L higher. However, MLRA revealed that these in-
dicators did not differ between the two groups. Moreover, the two
patient groups demonstrated treatment responses following AZA
therapy. These results indicated that the two treatment strategies
had similar safety and efficacy.

Furthermore, we enumerated the number of patients who devel-
oped bone marrow suppression/leukopenia during the study period.
One patient with heterozygous NUDT15 and four patients with wild
homozygous NUDT15 developed bone marrow suppression, pre-
dominantly attributed to the reduced PLT and Hb levels. The lowest
PLT and Hb values were 74 x 10°/L and 96 g/L, respectively; and
the results basically did not show symptoms and positive signs in
practice. However, it is worth noting that the patient with heterozy-
gous NUDT15 developed leukopenia (WBC 0.99 x 10%/L) in week 3.
AZA was immediately discontinued and the WBC count significantly
improved after 1 week, implicating the possibility of other risk genes
or influencing factors related to hematological AE of AZA. What is
more, the incidence of leukopenia was quite lower in our study (1.6%)
compared to other studies.???”*” We considered the possible rea-
sons were as follows: the Clinical Pharmacogenetics Implementation
Consortium (CPIC) guideline for thiopurine dosing based on TPMT
and NUDT15 genotypes recommended that for non-malignant pa-
tients with homozygous mutation of TPMT/NUDT15 who have high
risk of AZA-related bone marrow suppression, AZA is avoided to be
applied. For patients with heterozygous TPMT/NUDT15, AZA is used
with reduced doses. CPIC also mentioned that clinicians should ad-
just doses of AZA based on monitoring of clinical myelosuppression
and disease-specific guidelines.** According to the guideline, all pa-
tients in our study firstly had TPMT*3C and NUDT15 tests and be
filtered by our inclusion and exclusion criteria before taking AZA.
Any patients with homozygous mutation of TPMT*3C/NUDT15
or heterozygous TPMT*3C were excluded. As for those with wild
homozygous and heterozygous NUDT15, we prescribed different
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low-dose-escalating treatment strategies. Secondly, all patients tak-
ing AZA were regularly monitored with routine blood tests, and we
would adjust the dose timely according to the test results. Based
on the above, we have tried to reduce the incidence of leukopenia
from three aspects: prevention, monitor, and adjustment. Besides,
we could not deny the limitations of sample size in our single center
study. Further analysis may require a larger sample size of patients in
multi-center in the future.

The present study included 62 patients, and it is crucial to ex-
pand the sample size in future investigations. Moreover, we only ob-
served early hematological safety in the first 8 weeks, and a longer
follow-up period should be supplemented in the future. This study
only involved NUDT15; other genes related to the metabolism of
AZA need to be considered.

In conclusion, NUDT15 variants predominated over TPMT in Chinese
patients and probably among all East Asians. Prescribing different low-
dose-escalating treatment strategies for AZA according to NUDT15
polymorphisms, along with regular monitoring of routine blood tests,

can reduce the risk of early hematological AE in patients with PV.
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