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Abstract 

Background: Polymorphisms in thiopurine methyltransferase (TPMT) and Nudix hydrolase-15 (NUDT15) have 
been implicated as the predominant cause of thiopurine induced leukopenia in the Western countries and East Asia 
respectively. Exact role of these polymorphisms in South Asian population with inflammatory bowel disease (IBD) is 
uncertain.

Methods: We included consecutive patients with IBD who were initiated on thiopurines at a center in North India. 
The dosage of thiopurines was titrated using regular monitoring of hemogram and liver function tests. Three TPMT 
polymorphisms (c.238 G > C, c.460 G > A, and c.719A > G) and one NUDT15 polymorphism (c.415 C > T) were assessed. 
Comparison regarding incidence of leukopenia and maximum tolerated thiopurine dosage was performed between 
those with wild polymorphism and those with TPMT and NUDT15 polymorphisms, respectively.

Results: Of the 119 patients (61 males, mean age 36.8 ± 13.5 years), 105 (88.2%) had ulcerative colitis and 14 (11.8%) 
had Crohn’s disease. Leukopenia was noted in 33 (27.7%), gastrointestinal intolerance in 5 (4.2%) and pancreatitis 
in 2 (1.6%). TPMT polymorphisms were detected amongst five patients of whom 1 developed leukopenia. NUDT15 
polymorphism was noted in 13 patients of whom 7 had leukopenia. The odds of developing leukopenia in TPMT poly-
morphism were non-significant (0.77, 95% CI:0.0822 to 7.2134, P = 0.819) but were significantly higher in those with 
NUDT15 polymorphism (3.5933, 1.1041 to 11.6951, P value: = 0.0336).

Conclusion: NUDT15 polymorphism was more frequent than TPMT polymorphisms and was associated with thiopu-
rine induced leukopenia. However, the tested polymorphisms account for only 24.2% of the risk of thiopurine induced 
leukopenia.
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Background
Thiopurine drugs are commonly used in inflamma-
tory bowel disease (IBD) for maintenance of remission 
because of their immunomodulatory and steroid sparing 
effects [1, 2]. The availability of long-term data on the 
safety, efficacy and cost-effectiveness (especially in rela-
tion to biologics) make them an attractive option for use 
by clinicians [2, 3]. The indication for use of thiopurines 
in IBD include maintenance of remission in Crohn’s dis-
ease (CD) and for patients with steroid dependent and 
refractory ulcerative colitis (UC). In recent times, the 
adjuvant use of thiopurines has been found to be useful 
to avoid formation of antidrug antibodies with anti-TNF 
agents [2–5]. Thiopurines act by blockade of a small 
GTPase of the ρ-family and inhibition of purine and pro-
tein synthesis in lymphocytes [5]. This leads to apoptosis 
and decreased proliferation of the T- lymphocytes and 
hence the immunosuppressive role in IBD.

Azathioprine is a prodrug that gets non-enzymat-
ically converted to 6-mercaptopurine (6-MP) in the 
body [6]. The metabolism of 6-MP is complex and 
involves numerous basic intermediates, like the nucle-
oside triphosphates, 6-thio-GTP, 6-thio-DGTP, etc. [7]. 
6-Thioguanine (6-TG) is the metabolite that is associ-
ated with not only the therapeutic effect of the drug 
but also its toxicity. Certain adverse effects are clas-
sified as idiosyncratic and include flue like syndrome 
(fever, nausea, skin rash, body ache and headache), 
gastrointestinal intolerance and acute pancreatitis. 
These are believed to be unpredictable and require 
drug discontinuation [8]. Cytopenias, especially leu-
copenia, are recognized as a dose-dependent adverse 
effect of thiopurines. Cytopenias have been reported 
with a variable frequency in patients with thiopurine 
use and may result in significant treatment discontinu-
ation and occasional morbidity [4]. Various enzymes 
like thiopurine S-methyltransferase (TPMT), xanthine 
oxidase and hypoxanthine phosphoribosyl transferase 
are enzymes involved in the metabolism of thiopu-
rines [9]. Myelosuppression in particular is dependent 
on TPMT activity which is a function of TPMT gene 
polymorphism and the inheritance pattern in an indi-
vidual [10]. Nudix hydrolase 15 (NUDT15) hypoactiv-
ity due to certain polymorphisms, is associated with 
myelosuppression due to Rac1 inhibition [4, 11] The 
polymorphisms in the NUDT15 gene are more preva-
lent in East Asian population in contrast to TPMT pol-
ymorphisms which are more prevalent in the western 
world [11, 12]. However, the data from South Asia is 
limited and it is unclear which of these polymorphisms 
are of more importance in this setting.

Therefore, we performed a prospective study to eval-
uate the prevalence of TPMT and NUDT15 genetic 

polymorphism in the Indian patients of IBD initiated 
on thiopurines. We also estimated the relationship of 
these polymorphisms with occurrence of cytopenia in 
our study population.

Methods
Setting
The present observational cohort study was carried out 
in the Department of Gastroenterology, at a large tertiary 
care center in North India. The patients were enrolled 
between January 2019 to March 2020. Before conducting 
the study, ethical clearance was taken from the institute 
ethics committee. The study was done as per the ICMR 
guidelines. A written informed consent was taken from 
each patient included in the study.

Patient selection and follow‑up
Patients who visited outpatient’s clinic or were admit-
ted with IBD were screened for inclusion. We included 
patients with inflammatory bowel disease who were 
started on thiopurines (azathioprine or 6-mercap-
topurine). We excluded those patients who were aged 
≤ 12years, refused consent to participate or were unwill-
ing for follow-up and those with underlying conditions 
predisposing to bone marrow suppression like on other 
drugs likely to cause hematological toxicity. The analysis 
was done for the patients with complete follow-up of at 
least 3 months after initiation of the thiopurine therapy. 
However, the patients in whom the drug discontinuation 
was warranted for an adverse effect were included in the 
analysis irrespective of the timing of this event.

The details of all included patients regarding demo-
graphic and clinical details, underlying diagnosis, 
Montreal classification of IBD, were recorded in a pre-
designed case record form. The details regarding the 
clinical presentation, age of onset of symptoms, details 
of disease extent and duration were recorded. The treat-
ment received was purely guided by the patient’s medi-
cal condition and discretion of the treating physician. The 
starting dose of azathioprine was 1 mg/kg and for 6 mer-
captopurine was 0.5  mg/kg. After checking the hemo-
gram at 2 weeks, if there was no leukopenia, we increased 
the dose of azathioprine by 0.5 mg/kg or 6-mercaptopu-
rine by 0.25 mg/kg to reach a maximal dose of 2.5 mg/kg 
or 1 mg/kg respectively. After any increase in the dosage 
of thiopurine analogues, the patient was followed up at 
two weeks with complete blood count (CBC). Leukope-
nia was defined as a total leucocyte count < 3000/cumm. 
The details of the thiopurine therapy i.e., agent used, 
initial dose, maximum tolerated dose (in azathioprine 
equivalents), any adverse effects including leukopenia, 
gastrointestinal intolerance, hepatitis or pancreatitis were 
recorded.
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Assessment of genetic polymorphism
Two–three ml of blood sample was withdrawn from indi-
viduals via venipuncture and was collected in EDTA vial. 
The blood sample was used in testing for thiopurine ana-
logues metabolism related polymorphism (TPMT and 
NUDT15). The blood sample taken in EDTA tubes was 
assigned.

a unique accession number and DNA from 200  µl of 
blood was extracted. This was done using QI Amp DNA 
blood kit (Qiagen Inc.). DNA was eluted in 50 µl of elu-
tion buffer and was kept at − 20 °C until analysis.

Genotyping
Three sites of known TPMT gene mutations caus-
ing TPMT deficiency (c.238 G > C, c.460 G > A, and 
c.719A > G) were determined according to the method 
described by Yates et  al. [13]. Briefly, Amplification 
Refractory Mutation System (ARMS) PCR was used to 
detect the c.238 G > C transversion in exon 5, while PCR 
amplification and restriction enzyme digestion (PCR–
RFLP) to detect the c.460 G > A and c.719 A > G muta-
tions in exon 7 and 10 using enzymes MwoI and AccI, 
respectively. To detect c.415 C > T mutation in NUDT15, 
PCR–RFLP method was employed as described previ-
ously [14].

Sample size calculation
Keeping the possibility that 20% of patients on thiopu-
rine analogues would develop leukopenia and expect-
ing that 50% of them to have some detectable mutation 
as compared to around 10% in those who do not develop 
any leukopenia, the calculated sample size was 78 with 
power of 80% and 2-sided confidence level of 95%. Keep-
ing 20% loss to follow up in mind we planned to enroll 
100 patients.

Comparison and data analysis
At the end of the study, side effects such as leukopenia 
and idiosyncratic reactions were compared between 
patients having TPMT and NUDT15 polymorphism and 
patients with no detectable polymorphisms. For analysis, 
we grouped those with flue like syndrome (fever, nau-
sea, skin rash, body ache and headache), gastrointesti-
nal intolerance and acute pancreatitis into a single group 
i.e. idiosyncratic. The categorical data were compared 
using Chi square test. For continuous variables the nor-
mality of data was checked using Kolmogorov–Smirnov 
test and appropriate comparison (using Student’s T test 
or Mann Whitney test) was done. We also compared the 
patients who developed leukopenia and those who did 
not develop leukopenia for baseline characteristics (age, 
gender, basic diagnosis, use of 5-aminosalicylates, recent 
steroid use, baseline values of hemogram, leucocyte 

count and platelets) to identify any predictors of develop-
ment of leukopenia. Multivariate analysis was performed 
to identify independent predictors of leukopenia.

Results
Patients
A total of 134 patients were initiated on thiopurine ther-
apy during the study period. Fifteen patients were lost to 
follow up or did not complete 3 months of follow-up on 
thiopurines. One hundred and nineteen patients were 
included in the final analysis amongst which 61 (51.3%) 
were males. The mean age was 36.8 ± 13.5 years. Of 119 
patients, 105 had ulcerative colitis while 14 had Crohn’s 
disease. Of those UC patients in whom the extent was 
evaluated (n = 74), majority had extensive disease. Of the 
14 patients with CD, 7 had ileocolonic disease while rest 
of 7 had ileal disease. Overall steroid and 5-amino salicy-
late use were high in our population because most were 
treated for active disease (54 had recent acute severe 
ulcerative colitis and 12 had active Crohn’s disease). Five 
patients on azathioprine were shifted to 6-MP because 
of gastrointestinal intolerance (4 cases) and pancreatitis 
(1 patient) which occurred with azathioprine. Leukope-
nia were noted amongst 33 (27.7%), gastrointestinal tol-
erance in 5 (4.2%) and pancreatitis in 2 (1.6%) patients. 
None of the patients developed liver injury. Early leuko-
penia (within 8  weeks) was noted in six patients while 
27 developed late leukopenia. Treatment interruptions 
(stopping or decreasing the dosage) were required in 
37 (31.1%) patients. TPMT polymorphisms were noted 
amongst five patients while NUDT15 polymorphism was 
noted in 13 patients. One of them had both TPMT and 
NUDT15 polymorphism (Fig. 1).

TPMT polymorphism
The parameters between the two groups (TPMT poly-
morphism present or no polymorphism) were similar for 
the baseline hemoglobin, leucocyte and platelet counts 
(Table  1). One out of the five patients who had TPMT 
polymorphism developed leukopenia and one developed 
an idiosyncratic reaction whereas 25 of the 102 patients 
in no polymorphism group developed leukopenia and 
six developed idiosyncratic reactions (Table  2). The dif-
ferences were not statistically different and the odds of 
developing leukopenia in TPMT group were 0.77 (95% 
CI:0.0822 to 7.2134, P = 0.819). The maximum tolerated 
dose was similar between the two groups (80 ± 37.1and 
91.4 ± 28.0 mg/day).

NUDT15 polymorphism
The baseline parameters were similar between the group 
with or without NUDT15 polymorphism (Table  1). 
Of the 13 patients with NUDT15 polymorphism, 7 
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developed leukopenia in comparison to 25 in the non-
polymorphism group of whom two had hair fall (Table 3). 
The odds of developing leukopenia in the NUDT15 poly-
morphism group were 3.5933 (95% CI, 1.1041 to 11.6951, 
P value: = 0.0336). The median TLC at the treatment 
commencement was similar in the mutated and non-
mutated patients, however, on follow up, a significant 
drop was observed in the patients with NUDT15 muta-
tion (p = 0.006). None of the patients in the NUDT15 
group developed any idiosyncratic reaction.

Predictors of leukopenia
On univariate comparison of patients developing leuko-
penia and those who did not, significant differences were 
observed for the age and presence of NUDT15 polymor-
phisms (Additional file  1: Table  S1). For binary logistic 
regression all parameters which attained a significance 
at P < 0.1 were entered in the model (age, disease dura-
tion, duration of use of thiopurine, total leucocyte count 
at start, alcohol use and presence of NUDT15 polymor-
phism). Eventually, total leucocyte count, and presence of 

Fig. 1 The flow of patient recruitment and evaluation

Table 1 Comparison of baseline characteristics amongst patients with TPMT, with NUDT15 and without any mutations

TPMT mutated
(N = 5)
n (%)/ Median (IQR)

Wild Genotype
(N = 102)
n (%)/ Median (IQR)

P value NUDT15 mutated
(N = 13)
n (%)/ Median (IQR)

Wild Genotype
(N = 102)
n (%)/ Median (IQR)

P value

Age (years) 42 (16) 35.5 (22) 0.881 40 (19) 35.5 (22) 0.418

Male 1 (20%) 53 (51.9%) 0.162 7 (53.8%) 53 (51.9%) 0.898

Smoker (past or present) 0 16 (15.7%) 1.00 2 (15.4%) 16 (15.7%) 1.000

Alcohol use (past or present) 0 (100%) 24 (23.5%) 1.00 2 (15.4%) 24 (23.5%) 0.729

Body weight (kg) 55 (18) 55 (20) 0.915 54 (8) 55 (20) 0.407

Comorbidities 0 (0%) 14 (13.7%) 1.00 3 (23.1%) 14 (13.7%) 0.405

Recent Steroid Use (3 months) 2 (40%) 58 (56.9%) 0.652 7 (53.8%) 58 (56.9%) 1.000

Current 5-Aminosalisylate use 5 (100%) 97 (95.1) 1.000 12 (92.3%) 97 (95.1) 0.5214

Disease duration (months) 48.0 (138) 36 (41) 0.949 36 (62) 36 (41) 0.168

Hemoglobin (g/dL) 10.7 (4.81) 11.2 (2.93) 0.949 12.8 (2.35) 11.2 (2.93) 0.236

Total leucocyte count (×  106/L) 9700 (4080) 8950 (4400) 0.348 9700 (4750) 8950 (4400) 0.477

Platelet count (×  106/L) 354,000 (104,000) 323,500 (183,250) 0.327 292,000 (186,000) 323,500 (183,250) 0.516
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NUDT15 polymorphism were found to be independent 
predictors of leukopenia (Additional file 1: Table S2). The 
odds for prediction of leukopenia were exactly 1.00 for 
baseline TLC but were 5.229 (1.437–19.035) for presence 
of NUDT15 polymorphism.

Discussion
In this study, leukopenia was noted in 27.7% of patients 
with inflammatory bowel disease who were initiated 
on thiopurine treatment. The frequency of idiosyn-
cratic reaction was much lower (5.9%). The frequency 
of NUDT15 polymorphism was higher than TPMT 
polymorphisms in Indian patients with IBD (10.9% ver-
sus 4.2%). The NUDT15 polymorphism correlated with 
occurrence of leukopenia (53.8% of those with NUDT15 
polymorphism). The presence of TPMT polymorphisms 
did not correlate with the occurrence of leukopenia nor 
did it affect the maximal tolerated azathioprine equiva-
lent dose. On multivariate analysis also, presence of 
NUDT15 polymorphism was independent predictor of 
development of leucopenia.

Thiopurines, an important armamentarium in the man-
agement of IBD, have certain adverse effects. Occurrence 

of leukopenia is an important concern associated with 
these drugs and is associated with significant interrup-
tions in the treatment [1, 2]. In recent years, polymor-
phisms in the genes for enzymes involved in thiopurine 
metabolism have been recognized to be predict occur-
rence of cytopenia. These developments have brought 
the field personalized medicine into clinical use. How-
ever, the important polymorphisms responsible for caus-
ing leukopenia vary amongst different populations. In 
Western countries, polymorphisms in TPMT gene have 
been recognized as the important cause of thiopurine 
related leukopenia [15–17]. However, polymorphisms in 
NUDT15 are believed to be more important contributor 
to occurrence of leukopenia in East Asia [4, 18].

Our findings from the present study suggest that 
NUDT15 polymorphism is more prevalent than TPMT 
polymorphisms in Indian patients and should be tested 
before initiating thiopurine therapy in Indian popula-
tion. Our findings support the use of NUDT15 testing 
for individualizing dose of thiopurine in patients with 
IBD. The data in the South Asian population about the 
role of TPMT and NUDT15 polymorphisms is limited. 
In a study from Western India in 69 patients with IBD, 

Table 2 Outcomes of thiopurine therapy in patients with or without TPMT polymorphisms

TPMT mutated
(N = 5)
n (%)/ Median (IQR)

Wild genotype
(N = 102)
n (%)/ Median (IQR)

p value

Hemoglobin (g/dL) at the end of follow up 10.8(3.7) 11.05 (3.4) 0.983

Total leucocyte count (×  106/L) at the end of follow up 6340 (4200) 5700 (3575) 0.949

Platelet count (×  106/L) at end of follow up 312,000 (161,000) 254,000 (132,500) 0.983

Duration of thiopurine use (months) 12 (14.9) 8 (15.25) 0.348

Max tolerated azathioprine equivalent dose (mg/d) 75 (50) 100 (25) 0.448

Leukopenia 1 (20%) 25 (24.5%) 1.000

Idiosyncratic reaction 1 (20%) 6 (5.9%) 0.292

Treatment interruption 1 (20%) 29 (28.4%) 0.532

Table 3 Outcomes of thiopurine therapy in patients with or without NUDT15 polymorphisms

Bold means statistically significant

NUDT15 (mutated)
(N = 13)
n (%)/ Median (IQR)

Wild Genotype
(N = 102)
n (%)/ Median (IQR)

p value

Hemoglobin (g/dL) at end of follow up 12 (2.8) 11.05 (3.4) 0.289

Total leucocyte count (×  106/L) at end of follow up 3600 (1700) 5700 (3575) 0.006
Platelet count (×  106/L) at end of follow up 214,000 (109,000) 254,000 (132,500) 0.289

Duration of thiopurine use (months) 11 (9) 8 (15.25) 0.168

Max tolerated azathioprine equivalent dose (mg/d) 50 (50) 100 (25) 0.253

Leukopenia 7 (53.8%) 25 (24.5%) 0.026
Idiosyncratic reaction 0 6 (5.9%) 1.000

Treatment interruption 7 (53.8%) 29 (28.4%) 0.063
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NUDT15 polymorphism was present in 9 (13%) whereas 
TPMT polymorphisms were not detected [19]. Further, 
these findings also suggest the need to look for additional 
polymorphisms/ mutations because a substantial number 
of patients (around 25%) with thiopurine induced leuko-
penia did not have identifiable polymorphisms amongst 
those which were tested. Another recent study from 
India including more than 1000 patients noted leucope-
nia in only 9% and this was associated with detectable 
mutation in 59 patients (54 had NUDT15 polymorphism) 
[20]. Interestingly, in contrast our study had a much 
higher leucopenia and also known polymorphisms 
accounted only for a quarter of the leucopenia. These dif-
ferences could be related to certain key differences in our 
study including prospective follow-up, inclusion of more 
patients with active disease and protocol-based incre-
ments in thiopurine dosages resulting in higher mean 
dose used. Our findings are consistent with a recent sys-
tematic review on prevalence of polymorphisms in thio-
purine in South Asian region which suggested similar 
higher prevalence of NUDT15 polymorphism in healthy 
controls and non-IBD diseased populations also [21]. In 
consonance with recent reports of severe and fatal tox-
icity of thiopurine in those homozygous for NUDT15 
polymorphisms, our study makes a strong case for pre-
emptive testing for these in South Asian populations [22, 
23]. Further, in centers and populations where the bio-
logic use is not common including those where steroids 
and cyclosporine (as second line therapy in acute severe 
colitis) continues to be used for IBD, azathioprine is an 
important drug for maintenance of remission and there-
fore preemptive testing of NUDT15 polymorphisms may 
help improve tolerance to thiopurine therapy [21, 24].

The present study has some limitations: the number of 
patients with CD were much less than the number of UC. 
Further, we did not measure the levels of 6-thioguanine 
to correlate with the cytotoxicity and also that the study 
was done at a single center in North India. However, the 
prospective nature of the study, testing of both TPMT 
and NUDT15 polymorphisms and adequate duration of 
follow-up are the strengths of this study. The study pro-
vides information which would be important not just for 
the Indian population but also to Western countries with 
significant migrant populations from South Asia.

Conclusion
The present study suggests that in South Asian popula-
tions with IBD the polymorphisms in NUDT15 gene may 
have a more important role in determining the occur-
rence of thiopurine related cytopenia than TPMT. Fur-
ther, the four polymorphisms tested only explain 21% of 
the overall risk of leukopenia suggesting the need to look 
for novel mutations.
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