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1 | INTRODUCTION

Nudix hydrolase 15 (NUDT 15) gene polymorphism im-
pacts severe myelosuppression even in autoimmune hep-
atitis patients treated with azathioprine. Massive hair loss
and painful oral ulcers allowed early diagnosis of the crit-
ical adverse reactions.

Azathioprine (AZA) is a part of the standard therapy
for autoimmune hepatitis (AIH); however, there are crit-
ical adverse effects of AZA, including acute and severe
myelosuppression. The genetic polymorphism of nudix
hydrolase 15 (NUDT15) has been proposed as predictive
of adverse drug reactions of AZA in inflammatory bowel

This report highlights azathioprine-induced severe myelosuppression in the pa-
tient with NUDT15 minor variant. This case report is particularly instructive be-
cause several typical symptoms are the clues to this critical adverse drug reaction.

agranulocytosis, allopurinol, alopecia, stomatitis, thiopurine

disease (IBD) patients. However, the impact of this genetic
variant on AIH is unclear. We herein report the case of an
ATH patient—with a homogeneous variant of the minor
allele of NUDT 15—who presented with severe myelosup-
pression induced by AZA, massive hair loss, and painful
oral ulcer, which allowed the diagnosis of an adverse drug
reaction.

2 | CASE REPORT

A 65-year-old woman who was serologically and histo-
logically diagnosed with AIH at 49 years old had been
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receiving ursodeoxycholic acid (UDCA) and predniso-
lone (PSL) treatment. She also took allopurinol because
of hyperuricemia. The PSL dose was commenced at 30 mg
per day (0.6 mg per kg per day) and was gradually ta-
pered. After reducing PSL to 6.0 mg per day, combination
therapy with 50 mg of AZA (1 mg per kg body weight)
was commenced. Three weeks after AZA administra-
tion, she noticed massive hair loss (Figure 1), stomatitis
(Figure 2), and purpura (Figure 3). Blood examination
revealed agranulocytosis, macrocytic anemia, thrombo-
cytopenia, and inflammation. She was therefore hospital-
ized for further examination and medical treatment. The
details of the laboratory test were as follows (Table 1):
white blood cell count =840/ul, neutrophil =2.5%, eosino-
phil =2.0%, basophil =0.0%, lymphocyte =95.5%, hemo-
globin =10.9 g/dl, platelet count = 9.0 x10*/ul, blood
urea nitrogen (BUN) = 21.7 mg/dl, creatinine = 1.20 mg/
dl, uric acid =3.9 mg/dl, total protein = 7.5 g/dl, albu-
min =4.3 g/dl, total bilirubin = 0.5 mg/dl, lactate dehy-
drogenase (LD) = 147 U/L, aspartate aminotransferase
(AST) =19 U/L, alanine aminotransferase (ALT) =11 U/L,
alkaline phosphatase (ALP) =58 U/L, gamma-glutamyl
transpeptidase (GGT) = 25 U/L, cholinesterase =34.2 U/L,
prothrombin time =140%, IgG =1082 mg/dL, C-reactive
protein (CRP) =12.44 mg/dL, and anti-nuclear antibody
(ANA) = 40 times. Nevertheless, chest X-ray and abdomi-
nal computed tomography findings were normal, serial
bacterial cultures were negative, and she was afebrile.
Cefepime (CFPM) was administered because of the in-
flammatory reaction and neutropenia. The pathological
findings of the skin biopsy from purpura on the lower
leg showed no sign of vasculitis. Bone marrow findings
showed abundant adipose tissue with less than 10% of cel-
lular components, a few granulocytes, and erythroblast-
like cells, but no megakaryocytes.

Given the clinical course and these results, the severe
hematological toxicity and other physical findings were

FIGURE 1 Picture of the patient's head with massive hair loss
on day three of hospitalization
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FIGURE 2 Picture of oral ulcers (arrow) of the patient on the
day of hospitalization

FIGURE 3 Picture of multiple erythematous lesions (arrow) on
the patient on the day of hospitalization

considered drug-induced. Accordingly, allopurinol and
AZA were discontinued, and daily injections of granulo-
cyte colony-stimulating factor (G-CSF) were commenced.
Fifteen days of continuous G-CSF injections were neces-
sary for severe neutropenia recovery. Platelet transfusion
was necessary twice during hospitalization because of
thrombocytopenia. Profound stomatitis allowed only a
small intake of a liquid diet, and morphine hydrochloride
was used for pain control. CRP rebounded after falling to
a low level once on day six of admission; consequently,
CFPM was switched to doripenem (DRPM), and CRP
went down again. Ultimately, 16 days of antibiotic and
morphine hydrochloride administration were needed. She
was subsequently discharged from the hospital on day
32 of admission with 600 mg of UDCA and 6 mg of PSL.
However, recovery from stomatitis took six weeks and
that from alopecia took six months. After investigating the
genetic polymorphism of nudix hydrolase 15 (NUDT15,
rs116855232), which is known to be predictive of AZA
toxicity, it was revealed that she had the homozygous
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TABLE 1 Laboratory data on admission
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Complete blood count Biochemistry
WBC 840 /ul BUN
Neu 2.5 % Crt

Eos 2.0 % UA

Bas 0.0 % T. Bil
Lym 95.5 % AST
Mon 0.0 % ALT
RBC 360 10*/ul LDH
Hb 10.9 g/dl ALP
Ht 321 % GGT
MCV 89 fl TP
MCH 30.3 pg ALB
MCHC 34.0 % Ferritin
PLT 9.0 10%/ul CRP

variant in which arginine at position 139 of the protein
was replaced with cysteine. Figure 4 summarizes the clin-
ical course.

3 | DISCUSSION

Our case strongly indicated two clinically significant is-
sues regarding AZA treatment for AIH patients. First,
NUDT 15 minor variant can cause severe myelosuppres-
sion induced by AZA even in AIH patients. Second, mas-
sive hair loss and oral ulcers allow early diagnosing of this
critical adverse drug reaction.

The NUDT 15 minor variant can cause AZA-induced
severe myelosuppression even in AIH patients. AIH is a
common chronic liver disease. Inmune-mediated and in-
flammatory liver diseases of uncertain cause can poten-
tially progress to cirrhosis and liver failure unless proper
immunosuppressive treatment is performed." AZA is a
part of this first-line immunosuppressive therapy"* whose
metabolic substance exerts an immunosuppressive effect
by inhibiting the biosynthesis of nucleic acids.’ Before
treatment, assessment of thiopurine S-methyltransferase
(TPMT) activity and the genetic polymorphism of NUDT15
are recommended to predict the adverse drug reaction risk
of AZA."* AZA is a prodrug of 6-mercaptopurine (6-MP)
which TPMT catalyzes, and the enzyme activity of TPMT
is based on genotypes.® However, the evaluation of TPMT
activity is considered useless for Japanese patients com-
pared with Westerners because the frequencies of gene
polymorphisms vary in different ethnic groups.® Japanese
individuals rarely carry the risk alleles.” In contrast, the
mutation of codon 139 in the NUDT15 gene from argi-
nine (Arg) to cysteine (Cys) has been recently reported

Immunology
21.7 mg/dl IgG 1082 mg/dl
1.20 mg/dl IgA 117 mg/dl
3.9 mg/dl IgM 115 mg/dl
0.5 mg/dl Anti-nuclear 1:40

Antibody

19 U/L
11 U/L
147 U/L
58 U/L
25 U/L
7.5 g/dl
4.3 g/dl
269 ng/ml
12.44 mg/dl

to be strongly associated with thiopurine-induced cyto-
toxicity with high sensitivity and specificity regardless of
race.*'° The NUDT15 enzyme partly participates in the
metabolism of AZA,*® and the enzyme activity is deter-
mined by the variants of the genetic polymorphism.*
Consequently, the unfavorable cytotoxic effects, including
myelosuppression via inhibition of nucleic acid biosyn-
thesis, are also strongly determined by the enzyme activity
of NUDT15. The risk allele incidence is higher in Asians
than in Europeans.'? This mutant homozygous is found in
1% of the Japanese population.'* However, almost all of
these precedent studies were based on cohorts of patients
with inflammatory bowel disease, and only a few studies
with AIH patients. Therefore, our case received the stan-
dard dose of AZA for three weeks although she only toler-
ated 8% of the usual amount of mercaptopurine because
of a homozygous risk allele in the NUDT15 gene.'* This
significantly shows the impact of AZA treatment on AIH
patients with the mutant homozygous allele of NUDT 15.

Second, massive hair loss and oral ulcers allow early di-
agnosis of this critical adverse drug reaction. Early detec-
tion of severe myelosuppression is essential because the
risk of death among patients who develop AZA-induced
myelotoxicity is estimated at 0.94%."> However, this ad-
verse reaction usually occurs within a few weeks of start-
ing the drug.'® It is difficult to detect early unless there
are frequent blood examinations. Severe early hair loss
is recognized as the other typical AZA-induced adverse
reaction in patients with NUDT15 R139C.Y In contrast,
little has been reported regarding severe oral ulcers as
an adverse reaction of AZA. However, a similar case of
AZA-induced severe pancytopenia with stomatitis'® was
reported; hence, the oral mucosal reaction can also be
considered as AZA-related. Both reactions are subjective;
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FIGURE 4 Clinical course and
laboratory features of the patient. CFPM,
cefepime; CRP, C-reactive protein; G-CSF,
granulocyte colony-stimulating factor;
DRPM, Doripenem; Hb, hemoglobin; Neu
(right-hand side), neutrophil; PC, platelet
concentrate; Plt, platelet; WBC, white
blood cell (left-hand side)
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thus, massive hair loss and oral ulcers allow early diagno-
sis of critical adverse reaction of AZA.

Another critical factor of our case is a drug interac-
tion between AZA and allopurinol, which is in a class of
medications called xanthine oxidase inhibitors. The blood
concentration of AZA is elevated when administrated with
xanthine oxidase inhibitor, which is a metabolic enzyme of
6-MP, and the adverse effects are exacerbated by the compet-
itive drug interaction.'®?° Hence, a potential risk with the
co-administration of these two drugs has been reported**

In conclusion, the risk allele of the NUDT 15 gene
predicts severe myelosuppression even in AIH patients
treated with AZA. Massive hair loss and stomatitis are
clues to this critical adverse drug reaction.
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