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Abstract: Up to approximately 40% to 50% of patients discontinue

thiopurine therapy during the course of inflammatory bowel disease

(IBD). We investigated the role of the metabolite thiopurine in IBD

treatment. This was a prospective study.

IBD patients receiving azathioprine (AZA) were prospectively

included. Thiopurine methyltransferase (TPMT) genotypes were

examined before therapy, and thiopurine metabolite levels were

examined at weeks 2, 4, 8, 12, 24, and 48. In total, 132 patients were

included. The frequency of leucopenia increased at 6-thioguanine

nucleotide (6-TGN) levels �420 pmol/8� 108 RBC (odds ratio

[OR]¼ 7.9; 95% confidence interval (95%CI): 3.5–18.0; P< 0.001)

and increased more during the initial 12 weeks of thiopurine therapy

(OR¼ 16.0; 95%CI: 5.7–44.9; P< 0.001). The patients with 6-TGN

levels �420 pmol/8� 108 RBC at weeks 4, 8, and 12 had an increased

likelihood of leucopenia. Clinical response increased at 6-TGN levels

�225 pmol/8� 108 RBC (OR¼ 13.5; 95% CI: 3.7–48.9; P< 0.001) in

Crohn disease (CD) patients. The CD patients with 6-TGN levels

�225 pmol/8� 108 RBC at weeks 8, 12, and 24 had an increased
an, MD, Cheng Pe Lizi, PhD,
PhD, Huang Min, PhD, and Hu Pinjin, MD

therapeutic window in patients receiving AZA therapy, and it could

likely predict leucopenia in the initial 12 weeks of AZA therapy and a

reasonable chance of successful clinical response in CD patients. The

value of TPMT genotyping before thiopurine therapy is limited in

Chinese patients with IBD, considering the low sensitivity of predicting

leucopenia.

(Medicine 95(15):e3326)

Abbreviations: 5-ASA = 5-Aminosalicylates, 6-MMP = 6-

methylmercaptopurine, 6-MMPRs = 6-methylmercaptopurine

ribonucleotides, 6-TGN = 6-thioguanine nucleotide, AEs =

adverse events, AZA = azathioprine, CD = Crohn’s disease,

CDAI = Crohn’s disease activity index, CI = confidence interval,

HPLC = high-performance liquid chromatography, HPRT =

hypoxanthine phosphoribosyl transferase, IBD = inflammatory

bowel disease, IQR = interquartile range, ISRCTN = International

Standard Randomized Controlled Trial Number Register, MTX =

methotrexate, NEU = neutrophil count, OR = odds ratio, PCR =

polymerase chain reaction, ROC = receiver operating

characteristics, TPMT = thiopurine methyltransferase, UC =

ulcerative colitis, WBC = white blood cell, XO = xanthine oxidase.

INTRODUCTION

T he thiopurine drugs, azathioprine (AZA) and mercaptopur-
ine, have been widely used in the treatment of inflammatory

bowel disease (IBD). They can induce and maintain remission
with a response rate of 55% to 70%. However, up to approxi-
mately 40% to 50% of IBD patients discontinue thiopurine
therapy during the course of the disease.1,2 The occurrence of
intolerable adverse events (AEs) is the major reason for draw-
back in the thiopurine therapy, and the AEs are reported in 10%
to 28% of IBD patients.2–6 Other reported reasons for discon-
tinuation of thiopurines are refractoriness (16%), request by the
patient (7%), and pregnancy (1%).6

After oral absorption, AZA is converted to 6-mercapto-
purine via a nonenzymatic reaction, and 6-mercaptopurine is
subsequently metabolized to active metabolites, such as
6-thioguanine nucleotides (6-TGNs) and 6-methylmercaptopur-
ine ribonucleotides (6-MMPRs), which have immune modifier
activity, and inactive metabolite: 6-methylmercaptopurine
(6-MMP). Three enzymes competitively metabolize 6-mercap-
topurine: xanthine oxidase, hypoxanthine phosphoribosyl trans-
ferase, and thiopurine methyltransferase (TPMT). The enzyme
ant role in determination the amount of
baseline levels of TPMT activity led to a

6-mercaptopurine away from production
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of the inactive metabolite 6-MMP and toward production of the
‘‘active’’ metabolite 6-TGN.7

The genetic variation of TPMT and its influence on thio-
purine metabolism have been well investigated. The literatures
showed that individuals with TPMT deficiency who receive
standard doses of thiopurines are at significant risk of toxicity,
primarily as a result of unchecked production of 6-TGN.8–11

However, not all AEs or metabolite patterns can be explained by
TPMT deficiency. A study from Madrid showed that the authors
could not confirm whether the choice of AZA or a mercapto-
purine dose based on TPMT activity prevented leucopenia in
patients with IBD.12 Reports have suggested that variation in
TPMT activity accounted for no >10% of overall thiopurine
toxicity and approximately one-third of cases of leucopenia.13

Considerable interest has focused on the metabolism of
thiopurines as a means of identifying ways of individualizing
therapy to minimize AEs and maximize clinical responses.
Previous retrospective meta-analysis studies and cross-sectional
studies have confirmed a strong association between 6-TGN
concentrations and induction of remission.14 These studies showed
that a 6-TGN level consistently above 230 to 260 pmol/8� 108

RBC was associated with a favorable response.14 However, not all
related studies have demonstrated an association between higher
6-TGN concentrations and improvement in disease activity.15–17

Meanwhile, not all leucopenia can be explained by a high 6-TGN
concentration in the IBD patients.15,18–20

Given this background, the aims of this study were to
evaluate the role of TPMT polymorphisms before treatment,
metabolic products of AZA, and disease activity and toxicity in
patients with IBD during their first 48 weeks of thiopurine
therapy.

MATERIALS AND METHODS

Subjects
All patients with IBD between August 2006 and August

2014 at the Gastroenterology Clinic of the First Affiliated
Hospital of Zhengzhou University and Sun Yat-sen University
were included in our study. The diagnoses of IBD were accord-
ing to the criteria of Lennard-Jones,21 which are based on
clinical features and endoscopic, radiological, and histopatho-
logical findings.

The inclusion criteria and exclusion criteria were defined
as described previously.5

Study Design
Drug doses were initiated at 50 mg daily for AZA

(Imurel1, GlaxoSmithKline, Sweden) and 25 mg daily for
mercaptopurine (Puri-Nethol1, GlaxoSmithKline) in the first
week, and the target doses of nearly 2.0 mg/kg daily for AZA
and 1.0 mg/kg daily for mercaptopurine were reached by week 2
without alteration in the following weeks.

Patient data collection and study visits were performed as
described previously.5 TPMT genotype was measured before
initiation of therapy. Blood was drawn at weeks 1, 2, 3, 4, 8, 12,
24, and 48 for future analysis of 6-TGN and 6-MMPRs.

The primary endpoint of the study was defined as the patient
undergoing AZA treatment for 48 weeks or requiring discon-
tinuation or change of therapy because of AEs or refractoriness.

Fangbin et al
Classification of Responses
To evaluate the relationship between response to steroid

sparing and metabolite levels, the patients receiving AZA plus
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infliximab, receiving AZA for postoperative prophylaxis, and
receiving AZA for endoscopic relapse after surgical resection
were excluded from the analysis. A response to steroid sparing
was defined as resolution of symptoms upon complete with-
drawal of all corticosteroids for at least 6 months (CDAI
<150,22 or Southland Index �2).23 Treatment failure was
ascribed to cases in which the above-stated therapeutic goals
were not achieved and there was need for initiation of other
immunosuppressive medications or surgery.

TPMT Genotyping
Allele-specific polymerase chain reaction (PCR) and PCR-

restriction fragment length polymorphisms were used to deter-
mine the frequency of TPMT mutant alleles (ie, TPMT�2,
TPMT�3A, TPMT�3B, and TPMT�3C) in patients with
IBD, as previously described.5

Erythrocyte Mercaptopurine Metabolite Assay
Erythrocyte lysis buffer was prepared as previously

described.24 The supernatant was kept at 808C until analysis.
The 6-TGN concentration in the erythrocyte lysates was

determined using a previously described high-performance
liquid chromatography (HPLC) method.25 The concentration
of 6-TGN was normalized to pmol/8� 108 RBC. 6-MMPRs
(pmol/8� 108 RBC) levels were determined by a reverse-phase
HPLC assay developed by Lennard and Singleton.26

Statistics
Statistical analysis was performed using SPSS (Statistical

Package for the Social Sciences) software (SPSS Inc, Chicago,
IL), version 16.0. Normality was tested for all quantitative
variables. Quantitative variables are described as the median
and the interquartile range (IQR; q1–q3) throughout. Para-
metric Student t tests or nonparametric Mann-Whitney U tests,
when appropriate, were used to compare quantitative variables
between the 2 groups. The differences between multiple inde-
pendent groups were evaluated by the Kruskal–Wallis test. The
x2 test was used to compare categorical variables. To evaluate
the relationship between erythrocyte AZA metabolite concen-
trations and the AEs, binary logistic regression was used, and
the results were expressed as the odds ratio (OR) with a 95%
confidence interval (95% CI). Receiver-operating characteristic
(ROC) curves were obtained to plot the sensitivity and speci-
ficity for various metabolite concentrations to predict the AEs
and clinical responses. A P value <0.05 was considered
significant.

Ethical Considerations
The study protocol was approved by the ethics committee

of the First Affiliated Hospital of Zhengzhou University and
Sun Yat-sen University. Each patient provided written informed
consent before entering the trial. The study was registered in the
International Standard Randomized Controlled Trial Number
Register (ISRCTN), with a trial number of ISRCTN58287360.

RESULTS

Subject Characteristics
One hundred and seventy-two patients consented to
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participate in this study. All patients in this study are ethnic
Chinese. Forty subjects were subsequently withdrawn as a result
of the administration of AZA or mercaptopurine within 3

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



[95% CI: 5.7–44.9], P< .001), and a specificity of 88% (259/
294), a negative prediction value of 98% (259/265), a sensitivity
of 68% (13/19), and a positive predictive value of 27% (13/48)

TABLE 1. Demographic Characteristics of the Study Patients

Total (n¼ 132)

Sex (male:female) 76:56
Mean age at diagnosis, y 34 (18–72 y)
CD:UC 102:30
AZA alone 34 (26%)
Co-treated with 5-ASA 31 (23%)
Co-treated with infliximab 12 (9%)
Primary indication for AZA

Steroid-dependent 47 (36%)
Remission maintenance 49 (37%)
Postoperative recurrence of clinical symptoms 24 (18%)
Postoperative prophylaxis 12 (9%)

5-ASA¼ 5-aminosalicylates, AZA¼ azathioprine, CD¼Crohn dis-

TABLE 2. Details of Adverse Effects in 28 Patients

Time Point
of AEs Leucopenia

Gastric
Intolerance

Flu-like
Symptoms Total

At week 2 1 (0.8%) 3 (2%) 1 (0.8%) 5 (4%)
At week 3 1 (0.8%) 1 (0.8%)
At week 4 8 (6%) 8 (6%)
At week 8 2 (1.5%) 2 (1.5%)
At week 12 7 (5%) 7 (5%)
At week 16 1 (0.8%) 1 (0.8%)
At week 20 1 (0.8%) 1 (0.8%)
At week 24 1 (0.8%) 1 (0.8%)
At week 28 1 (0.8%) 1 (0.8%)
At week 48 3 (2%) 3 (2%)
Total 26 (20%) 3 (2%) 1 (0.8%) 30 (23%)

�

�
One patient exhibited leucopenia and gastric intolerance; 1 patient

exhibited leucopenia and flu-like symptoms simultaneously.
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months before treatment initiation (n¼ 22), poor compliance
(n¼ 7), loss of contact (n¼ 3), and follow-up time <48 weeks
(n¼ 8). The remaining 132 subjects (76 men) had a mean age of
34 years (18–72 years). The majority of subjects (77%) had
Crohn disease (CD), with the remainder having ulcerative
colitis (UC) (23%). At the study initiation, 47 patients were
classified as steroid-dependent, 49 as being on remission main-
tenance, 24 as having postoperative recurrence of clinical
symptoms, and 12 as being on postoperative prophylaxis. Of
the 132 patients, 31 patients (23%) were treated with AZA and
5-aminosalicylates (5-ASA) for>4 weeks, and 12 patients (9%)
were treated with AZA and infliximab. Table 1 shows the
demographic characteristics of the 132 patients.

Adverse Effects
Twenty-eight of the 132 patients (21%) exhibited AEs

during therapy. Of the 28 patients, 26 patients (20%) exhibited
leucopenia. Of the 26 patients, 19 (73%) exhibited leucopenia
during the initial 3 months of thiopurine therapy, 3 patients (2%)
exhibited gastric intolerance, 1 patient (0.8%) exhibited flu-like
symptoms, and no patient exhibited hepatotoxicity or pancrea-
titis. The emergence of AEs led to discontinuation of thiopurine
therapy in 16 patients (57%). After discontinuation, 11 patients
were reintroduced to AZA at half the original dose, 9 patients
were shifted to mercaptopurine, 3 patients were shifted to MTX,
and 3 patients were shifted to infliximab. Table 2 shows the
details of AEs in the 28 patients.

Metabolite Assays and Leucopenia
Twenty-six of the 132 patients (20%) developed higher

maximum 6-TGN concentrations at the point of leucopenia
compared with maximum 6-TGN concentrations in the remain-
ing 106 patients without leucopenia (412 [IQR, 317–662] vs
339 [259–418] pmol/8� 108 RBC, P¼ 0.02; Figure 1).

We undertook a logistic regression analysis to elucidate
factors associated with leucopenia. The independent variables
were age, sex, 5-ASA treatment, disease type (CD/UC), maxi-
mum 6-TGN (log max 6-TGN) level, and 6-MMPR (log max 6-
MMPR) level; the dependent variable was leucopenia. In this

ease, UC¼ ulcerative colitis, Y¼ year.
regression model, only maximum 6-TGN concentration was
significantly associated with leucopenia (OR¼ 54.4 [95% CI:
2.5–1183.0], P¼ 0.01).

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
The optimal cutoff for the 6-TGN levels to predict leuco-
penia was chosen by ROC analysis. The area under the ROC
curve was 0.78 (95% CI: 0.68–0.88, P< .001). The calculated
cutoff level was 420 pmol/8� 108 RBC with a high test speci-
ficity of 89% (395/445) and a negative prediction value of 97%
(395/408), but it occurred at the expense of a sensitivity of 50%
(13/26) and a positive predictive value of 21% (13/63). Patients
with a 6-TGN level exceeding 420 pmol/8� 108 RBC had an
increased risk of developing leucopenia (21% vs 3%, OR¼ 7.9
[95% CI: 3.5–18.0], P< 0.001). Further analysis found that the
risk of suffering from leucopenia in the patients with a 6-TGN
level exceeding 420 pmol/8� 108 RBC was greater during the
initial 12 weeks of thiopurine therapy (27% vs 2%, OR¼ 16.0
FIGURE 1. Metabolite assays and leucopenia. Median (quartile 1;
quartile 3) levels of 6-TGN during the 20 week course of the study
in the patients with leucopenia (n¼106) and in the patients
without leucopenia (n¼26). 6-TGN¼6-thioguanine nucleotide.

www.md-journal.com | 3



TABLE 3. 6-TGN and Leucopenia in the 471 Metabolite Measurements

6-TGN (pmol/8� 108 RBC)

P OR (95% CI)�420 <420 Total

6-TGN and leucopenia in the 48 weeks
Leucopenia 13 13 26
Without leucopenia 50 395 445
Total 63 408 471
Frequency 21% 3% <0.001 7.9 (3.5–18.0)

6-TGN and leucopenia in the first 12 weeks
Leucopenia 13 6 19
Without leucopenia 35 259 294
Total 48 265 313
Frequency 27% 2% <0.001 16.0 (5.7–44.9)

6-TGN and leucopenia after the first 12 weeks
Leucopenia 0 7 7
Without leucopenia 15 136 151
Total 15 143 158
Frequency 0 5%

dds

Fangbin et al Medicine � Volume 95, Number 15, April 2016
for predicting leucopenia in the initial 12 weeks of thiopurine
therapy were observed. All 7 patients with leucopenia after 12
weeks of thiopurine therapy had a 6-TGN concentration
<420 pmol/8� 108 RBC at the point of leucopenia (Table 3).

6-TGN Concentrations at Different Weeks and
Leucopenia in the Initial 12 Weeks of Thiopurine
Therapy

6-TGN concentrations showed no significant differences
between the patients with leucopenia at week 2 and those
without leucopenia in the initial 12 weeks of thiopurine therapy
(216 [IQR, 161–346] vs 204 [145–292] pmol/8� 108 RBC,
P¼ 0.43). Considering that 4 patients missed the visit at weeks
4, 6-TGN concentrations at 2 weeks were combined for further
analysis (the maximum 6-TGN concentration was used if a
patient had 6-TGN assays at weeks 4 and 8). Concentrations of
6-TGN in the patients with leucopenia at weeks 4 to 8 were 476
(IQR, 351–766) pmol/8� 108 RBC, compared with 295 (IQR,
242–385) pmol/8� 108 RBC in those without leucopenia
(P< 0.001). Patients with a 6-TGN level exceeding
420 pmol/8� 108 RBC at 2 weeks had an increased risk of
developing leucopenia (45% vs 7%, OR¼ 10.3 [95% CI: 3.0–
35.7], P< 0.001). Moreover, a specificity of 84% (62/74), a
negative prediction value of 93% (62/67), a sensitivity of 67%
(10/15), and a positive predictive value of 45% (10/22) for
predicting leucopenia with thiopurine therapy at weeks 4 to 12
were observed based on the calculated cutoff level of 420 pmol/
8� 108 RBC. The concentration of 6-TGN in the patients with
leucopenia at week 12 was 436 (IQR, 226–623) pmol/8� 108

RBC, compared with 248 (IQR, 203–379) pmol/8� 108 RBC
in those without leucopenia in the initial 12 weeks of thiopurine
therapy (P¼ 0.04). Patients with a 6-TGN level exceeding
420 pmol/8� 108 RBC at week 12 had an increased risk of
developing leucopenia (25% vs 5%, OR¼ 6.4 [95% CI: 1.3–
32.6], P¼ 0.04). Moreover, a specificity of 83% (58/70), a

6-TGN¼ 6-thioguanine nucleotide, CI¼ confidence intervals, OR¼ o
negative prediction value of 95% (58/61), a sensitivity of 57%
(4/7), and a positive predictive value of 25% (4/16) for pre-
dicting leucopenia of thiopurine therapy at week 12 were

4 | www.md-journal.com
observed based on the calculated cutoff level of 420 pmol/
8� 108 RBC (Table 4).

Metabolite Assays and Other Adverse Effects
Three patients developed gastric intolerance and 1 patient

developed flu-like symptoms at week 2. The 6-TGN concen-
trations of the 3 patients with gastric intolerance were 288 pmol/
8� 108 RBC, 199 pmol/8� 108 RBC, and 193 pmol/8� 108

RBC, and the 6-MMPR concentrations were 762 pmol/
8� 108 RBC, 740 pmol/8� 108 RBC, and 981 pmol/8� 108

RBC. The 6-TGN concentration of the patient with flu-like
symptoms was 783 pmol/8� 108 RBC, and the 6-MMPR con-
centration was 2692 pmol/8� 108 RBC. One of the 3 patients
with gastric intolerance and the patient with flu-like symptoms
were changed to mercaptopurine with a dosage of 0.5 mg/kg
daily, and both of them developed gastric intolerance and flu-
like symptoms again at week 2. The 6-TGN concentrations were
234 pmol/8� 108 RBC and 83 pmol/8� 108 RBC, respectively.

6-TGN and Clinical Responses
To evaluate the relationship between responses to steroid

sparing and 6-TGN levels, the patients receiving AZA plus
infliximab (n¼ 12), the patients receiving AZA for postopera-
tive prophylaxis (n¼ 12), and the patients whose AZA therapy
was discontinued in the first 24 weeks (n¼ 21) because of AEs
were excluded from the analysis.

Of the remaining 87 patients, 58 (8 with UC, 50 with CD)
were classified as exhibiting a response to steroid sparing and 29
(9 with UC, 20 with CD) as treatment failure. In 17 patients with
UC, the 6-TGN levels at weeks 8 and 24 were lower in UC
patients with responses to steroid sparing than that in UC
patients with treatment failure; the 6-TGN levels at week 12
were not significantly different between the 2 groups. However,
the 6-TGN levels at weeks 8, 12, and 24 were higher in CD
patients with responses to steroid sparing than in CD patients

ratios, RBC¼ red blood cells.
with treatment failure (Table 5).
The optimal cutoff for the mean 6-TGN levels from week 4

to week 24 to predict a clinical response was chosen by ROC

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 4. The Ability of 6-TGN at Different Weeks to Predict Leucopenia in the Initial 12 Weeks of Thiopurine Therapy

6-TGN (pmol/8� 108 RBC)

P OR (95% CI)�420 <420 Total

The ability of 6-TGN at weeks 4 and 8 to predict leucopenia in the initial 12 weeks
�

Leucopenia 10 5 15y

Without leucopenia 12 62 74
Total 22 67 89
Frequency 45% 7% <0.001 10.3 (3.0–35.7)

The ability of 6-TGN at week 12 to predict leucopenia in the initial 12 weeks
Leucopenia 4 3 7
Without leucopenia 12 58 70
Total 16 61 77
Frequency 25% 5% 0.04 6.4 (1.3–32.6)

6-TGN¼ 6-thioguanine nucleotide, CI¼ confidence intervals, OR¼ odds ratios, RBC¼ red blood cells.�
Considering that 4 patients missed the visit at week 4, 6-TGN concentrations at 2 weeks were combined for further analysis (the maximum 6-TGN

8).
ass
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analysis. The area under the ROC curve was 0.77 (95% CI:
0.63–0.90, P¼ 0.001). The calculated cutoff level was
225 pmol/8� 108 RBC with a test sensitivity of 90% (45/50),
a specificity of 60% (12/20), a positive predictive value of 85%
(45/53), and a negative prediction value of 71% (12/17). The
CD patients with a 6-TGN level exceeding 225 pmol/8� 108

RBC had an increased likelihood of successful clinical response
(85% vs 17%, OR¼ 13.5 [95% CI: 3.7–48.9], P< 0.001).

The optimal cutoff for the 6-TGN levels at weeks 8, 12, 24
to predict a clinical response separately was chosen by ROC
analysis. All the areas under the 3 ROC curves were 0.71. All
the calculated cutoff levels at these weeks were: 225 pmol/
8� 108 RBC with a test sensitivity of 88% (29/33), a specificity
of 47% (7/15), a positive predictive value of 78% (29/37), and a
negative prediction value of 64% (7/11) at week 8; a sensitivity
of 76% (25/33), a specificity of 60% (9/15), a positive pre-
dictive value of 81% (25/31), and a negative prediction value of
53% (9/17) at week 12; and a sensitivity of 78% (39/50), a

concentration was used if a patient had 6-TGN assays at weeks 4 and
yTwo patients exhibited leucopenia at week 12 had missed metabolite

protocol.
specificity of 60% (12/20), a positive predictive value of 83%
(39/47), and a negative prediction value of 52% (12/23) at week
24. The CD patients with a 6-TGN level exceeding 225 pmol/

TABLE 5. 6-TGN and Clinical Responses

6-TGN pm

Response on Steroid Sparing

6-TGN at different weeks and clinical response in patients with UC
At week 8 229 (153–247)
At week 12 212 (200–237)
At week 24 267 (165–309)

6-TGN at different weeks and clinical response in patients with CD
At week 8 287 (245–317)
At week 12 290 (223–334)
At week 24 288 (231–374)

Values are the median (interquartile range; q1–q3). 6-TGN¼ 6-thioguanin
tive colitis.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
8� 108 RBC at these weeks had an increased likelihood of
successful clinical response (at week 8 OR¼ 6.3 [95% CI: 1.5–
27.2], P¼ 0.02; at week 12, OR¼ 4.7 [95% CI: 1.3–17.3],
P¼ 0.02; and at week 24, OR¼ 5.3 [95% CI: 1.7–16.3],
P< 0.01; Table 6).

TPMT Genotype and Leucopenia
Among the 132 patients, 2 (1.5%) were TPMTH/TPMTL

(TPMT�3C) heterozygous. Both developed leucopenia at week
4, and the 6-TGN concentrations were 822 pmol/8� 108 RBC
and 1914 pmol/8� 108 RBC. TPMT�3C had a specificity of
100% (106/106), but at the expense of a sensitivity of 8% (2/26)
for predicting leucopenia. No TPMT�2, TPMT�3A, or
TPMT�3B polymorphisms were detected in any of the
132 patients.

5-ASA and Leucopenia

ays at weeks 4 and 8 because of no visit to the clinic according to study
Of the 132 patients, 11 of 31 patients cotreated with 5-ASA
(mesalazine, 3 g daily) developed leucopenia. The frequency of
leucopenia was 35% (11/31) in the patients cotreated with 5-

ol/8� 108 RBC

Treatment Failure P

382 (273–469) 0.01
447 (249–520) 0.07
330 (276–456) 0.03

240 (209–288) 0.02
229 (159–248) 0.02
207 (156–290) <0.01

e nucleotide, CD¼Crohn disease, RBC¼ red blood cells, UC¼ ulcera-

www.md-journal.com | 5



TABLE 6. The Ability of 6-TGN at Different Weeks to Predict Clinical Responses in Crohn Disease patients

6-TGN pmol/8� 108 RBC

�225 <225 Total P OR (95% CI)

The ability of 6-TGN at week 8 to predict clinical responses
Response on steroid sparing 29 4 33
Treatment failure 8 7 15
Total 37 11 48
Frequency 78% 36% .02 6.3 (1.5 to 27.2)

6-TGN at week 12 to predict clinical response
Response on steroid sparing 25 8 33
Treatment failure 6 9 15
Total 31 17 48
Frequency 81% 47% .02 4.7 (1.3 to 17.3)

6-TGN at week 24 to predict clinical response
Response on steroid sparing 39 11 50
Treatment failure 8 12 20
Total 47 23 70
Frequency 83% 48% <.01 5.3 (1.7 to 16.3)

dds
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ASA, compared with 15% (15/101) of patients not on 5-ASA
(P¼ 0.01). The patients cotreated with 5-ASA had an increased
likelihood of leucopenia (OR¼ 3.2 [95% CI: 1.3–7.9]). Of the
471 metabolite measurements, the median 6-TGN level was 315

6-TGN¼ 6-thioguanine nucleotide, CI¼ confidence intervals, OR¼ o
(IQR, 236–429) pmol/8� 108 RBC in those cotreated with

5-ASA (n¼ 83), compared with 248 (IQR, 187–331) pmol/
8� 108 RBC in those not on 5-ASA (n¼ 388; P¼ 0.01).

DISCUSSION
Using a prospective study, we evaluated the use of AZA in

adult patients with IBD by assessing the association between
pretreatment TPMT polymorphisms, metabolic products of
AZA, and disease activity and toxicity during their first 48
weeks of thiopurine therapy.

The frequency of leucopenia in this study was higher than
previously reported in a Western population,1–4,11,12,16–19

which could be explained by the different definition of leuco-
penia (WBC <3.5� 109 cells/L), co-administration of 5-ASA,
the rapid dose escalation practice, and the fact that the patients
were followed for a longer time. The higher percentage of
leucopenia could also have been a result of racial differences.
The frequency of gastric intolerance was lower than the reported
frequency in Western populations.2,11,17,18 The difference could
be explained by the different definitions of gastric intolerance
(the occurrence of any or a combination of the following:
nausea, vomiting, and abdominal pain with normal amylase
and the need to discontinue or change therapy) and racial
differences.

No hepatotoxicity was reported in this study, and
possible explanations include the low thiopurine dose and racial
differences. Pancreatitis is thought to be an idiosyncratic
reaction, and the reported frequency was 1% to 11% in Western
populations.3,4,11,17,19 However, no pancreatitis was
reported in this study or in other domestic studies,5,27,28 which

could be explained by racial differences. The vast majority of AEs
occurred during the initial 3 months of therapy, which is well in
line with other observations.29 A substantial number (27%) of the
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leucopenia events developed after the initial 3 months of therapy,
which is in accordance with a previous study.5 This observation
illustrates the need for continued monitoring of blood counts
throughout the duration of thiopurine therapy.

Individual variations in susceptibility to AZA have
been attributed to variable intracellular concentrations of
the cytotoxic 6-TGN. There is increasing evidence that 6-
TGN levels above a certain threshold are associated with a
higher risk of leukopenia during AZA therapy. Schütz et al30

reported that 2 heart recipients with a high 6-TGN level
(2211 and 698 pmol/8� 108 RBCs) developed severe AZA-
induced myelosuppression with a fatal outcome, and 6-TGN
concentrations that were �450 pmol/8� 108 RBCs were not
associated with myelosuppression in the remaining 18 heart
recipients. Subsequently, Gupta et al31 and Dubinsky et al19

reported that leukopenia was significantly associated with high
6-TGN levels in 101 children with IBD and in 92 pediatric
patients with IBD. However, Cuffari et al18 found that meTIMP,
not 6-TGN levels, was associated with myelosuppression.
However, we found that 6-TGN levels were only useful for
predicting leucopenia in the initial 3 months of AZA therapy
rather than after 3 months of AZA therapy. Another important
finding of this study was that the delayed leukopenia in patients
receiving AZA is not associated with accumulation of 6-TGN.
These findings may influence the clinical application of
metabolite measurements.

It has been postulated that some early idiosyncratic reac-
tions, such as gastric intolerance and flu-like symptoms during
AZA therapy, might be due to the nitro-imidazole compound
found in AZA, which is released to produce 6-mercaptopur-
ine.32 In accordance with the above results, all 3 patients who
reacted with gastric intolerance and the one patient who reacted
with flu-like symptoms in this study had low 6-TGN and 6-
MMPR levels when the AEs occurred at week 2 on AZA
therapy, and a re-challenge with mercaptopurine inevitably

ratios, RBC¼ red blood cells.
resulted in a new episode of gastric intolerance at week 2.
Several previous studies have suggested that higher levels

of 6-TGN are associated with clinical responses in IBD.1,14,19,31
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Similarly, 6-TGN levels correlated well with clinical respon-
siveness to therapy in our patients with CD. However, we found
a lack of correlation between clinical response and 6-TGN
levels in UC, which is in accordance with the study by Cuffari
et al.33 One possible explanation might be the inconsistent or
negative results of AZA for the induction of remission in
chronic active UC.34–36 Another possible explanation might
be our aggressive use of 5-ASA preparations in 15 of 17 patients
with UC. Thus, our results suggested that a 6-TGN level
�225 pmol/8� 108 RBC could be a useful therapeutic target
in patients with CD. Similar results have been reported in other
studies in which IBD patients in disease remission correlated
well with 6-TGN levels>230 and 260 pmol/8� 108 RBC.14 An
important finding of this study was that 6-TGN levels at weeks
8, 12, and 24 could predict a reasonable chance of successful
clinical response in patients with CD.

Patient with TPMTH/TPMTL and patient with TPMTL

have been demonstrated at significant risk of leucopenia
when treated with standard doses of AZA or mercaptopurine.
8–10,11,37,38 However, the sensitivity is low in using the TPMT
genotype to predict leucopenia. A study from Colombel showed
that three-quarters of leucopenia were not explained by TPMT
gene mutations.13 Meanwhile, only 8% of patients with leuco-
penia had TPMT�3C gene mutations in this present study,
which corroborates our previous pilot study on IBD.5 The
distribution of TPMT polymorphism is different significantly
in different population. The predominant TPMT mutant allele is
TPMT�3A (3.2–5.7%) in white populations,39–42 followed by
TPMT�2 (0.5%) and TPMT�3C (0.8%), and the most prevalent
mutant allele is TPMT�3C (0.5%–1.5%) in Asian popu-
lations.5,28,43 Thus, the value of TPMT genotype measurement
before initiation of AZA was limited in predicting leucopenia
because of low sensitivity.

Previous studies have demonstrated that co-administration
of 5-ASA can result in a higher 6-TGN level in patients with
IBD on AZA or mercaptopurine,16,44,45 which was also con-
firmed in our study. Of the patients on AZA plus 5-ASA
medications, there was an increase in the frequency of clinical
leucopenia of 20% and in the 6-TGN level compared with
baseline therapy with AZA alone.

It should be noted that there were several potential weak-
nesses in our study. It is better to use endoscopic and objective
biomarkers to define response contrast to the high variability of
CDAI. To avoid this weakness, the aim of this study only
evaluate the relationship between response to steroid sparing
and metabolite levels, the patients on AZA plus infliximab, on
AZA for postoperative prophylaxis, and on AZA for endoscopic
relapse after surgical resection were excluded from the analysis.
Meanwhile, a response to steroid sparing was defined as
resolution of symptoms upon complete withdrawal of all corti-
costeroids for at least 6 months.

CONCLUSIONS
In summary, AZA metabolite measurements may provide

clinicians with useful tools to optimize and individualize AZA
therapy in IBD. The advantages of metabolite monitoring
observed in this study include predicting leucopenia in the
initial 3 months of AZA therapy and predicting a reasonable
chance of successful clinical response in patients with CD.
Another potential value of 6-TGN testing concerns the timing of
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the testing. Early testing (after 2–4 weeks of therapy) could
identify patients likely to benefit from a dose adjustment.
Although AZA should be dosed according to body weight,

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
previous research has documented a poor correlation between
dose on a per-kilogram basis and 6-TGN levels. Thus, even in
patients prescribed the recommended dose of these medications,
the measurement of 6-TGN levels may provide additional
useful information. Patient with 6-TGN level >420 pmol/
8� 108 RBC at week 2 could reduce AZA dose to avoid
leucopenia, and increase drug dose for a successful clinical
response if patient has 6-TGN level below 225 pmol/8� 108

RBC. A full blood count may be more important after 3 months
of AZA therapy considering that 6-TGN is more appropriate to
predict leucopenia in the initial 3 months of AZA therapy. This
study also suggests that co-administration of 5-ASA with AZA
results in a high frequency of leucopenia in patients, which
could be associated with an increase in 6-TGN concentrations.
Considering ethnic differences, a larger prospective study in
different ethnic groups is now needed to verify this observation.
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