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Autoimmune hepatitis (AIH) is an uncommon chronic 
liver disease associated with inflammatory changes on 

liver biopsy, hypergammaglobulinemia and the presence of 
serum autoantibodies (1). Therapy with corticosteroids, with 
or without azathioprine, has been demonstrated to improve 
outcomes and survival in severe AIH (2). Once remission has 
been attained, corticosteroids alone, a regimen of combination 
azathioprine and low-dose corticosteroids, or azathioprine 

alone can be used (3,4). Although azathioprine is associated 
with a lower risk of side effects than corticosteroids, its toxicity 
profile in AIH can include bone marrow suppression, nausea, 
vomiting, rash and pancreatitis (2,3).

Once absorbed, azathioprine is nonenzymatically cleaved into 
6-mercaptopurine (6-MP). Further metabolism of 6-MP is cata-
lyzed by two enzymes, hypoxanthine-guanine phosphoribosyl-
transferase (HPRT) and thiopurine methyltransferase (TPMT). 
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BACKGrouND: In autoimmune hepatitis (AIH) patients treated 
with azathioprine, the utility of measuring thiopurine methyltrans-
ferase (TPMT) and azathioprine metabolites has been limited.
oBJECtivE: To evaluate the association between TPMT genotype 
and enzyme activity, and the impact of TPMT enzyme activity on levels 
of azathioprine metabolites and leukopenia to assess the clinical utility 
of monitoring azathioprine metabolites in Alaska Native and other non-
Caucasian AIH patients.
MEtHoDs: Individuals with AIH were recruited at the Alaska 
Native Medical Center (Alaska, USA) and the University of Texas 
Southwestern Medical Center (Texas, USA). Identification of 
TPMT genotype and measurement of enzyme activity were per-
formed. The metabolites 6-thioguanine nucleotides (6-TGN) and 
6-methylmercaptopurine (6-MMP) were measured in participants 
who were on azathioprine, and the associations with disease remission 
and leukopenia were assessed.
rEsults: Seventy-one patients with AIH were included. The distribu-
tion of TPMT genotypes was similar to that reported in other population-
based studies. TPMT genotype and phenotype were strongly associated 
(P<0.0001). Levels of 6-TGN and 6-MMP correlated with azathioprine 
dose only in individuals with normal TPMT enzyme activity. Patients 
with leukopenia due to azathioprine were no more likely to have abnor-
mal TPMT enzyme levels than those without leukopenia (P=1.0). No 
specific level of 6-TGN metabolites was associated with remission or 
leukopenia.
DisCussioN: Results of the present study were consistent with pre-
vious studies in Caucasian populations. TPMT genotype and pheno-
type correlated well, and levels of 6-TGN and 6-MMP metabolites 
were not associated with remission of AIH or toxicity of azathioprine.
CoNClusioNs: The present study confirmed the limited utility of 
monitoring levels of azathioprine metabolites in AIH patients.
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les mesures des métabolites de l’azathioprine ne 
sont pas utiles comme traitement de l’hépatite 
auto-immune chez des populations d’autochtones 
de l’Alaska et d’autres populations non blanches

HistoriQuE : Chez les patients atteints d’une hépatite auto-immune 
(HAI) traités à l’azathioprine, l’utilité de mesurer la thiopurine méthyl-
transférase (TPMT) et les métabolites de l’azathioprine est limitée.
oBJECtiF : Évaluer l’association entre le génotype de TPMT et 
l’activité des enzymes, de même que les répercussions de l’activité des 
enzymes de TPMT sur les taux de métabolites de l’azathioprine et de la 
leucopénie pour déterminer l’utilité de mesurer les métabolites de 
l’azathioprine chez des autochtones de l’Alaska et d’autres patients non 
blancs atteints d’une HAI.
MÉtHoDoloGiE : Les personnes atteintes d’une HAI ont été recrutées à 
l’Alaska Native Medical Center (Alaska, États-Unis) et au University of Texas 
Southwestern Medical Center (Texas, États-Unis). Les chercheurs ont procédé 
au dépistage du génotype de TPMT et à la mesure d’activité des enzymes. Ils 
ont mesuré les métabolites de 6-thioguanine nucléotides (6-TGN) et de 
6-méthylmercaptopurine (6-MMP) chez les participants qui prenaient de 
l’azathioprine et ils ont évalué les associations avec la rémission de la maladie 
et la leucopénie.
rÉsultAts : Soixante et onze patients atteints d’HAI ont participé à 
l’étude. La répartition des génotypes de TPMT était similaire à celle 
déclarée dans d’autres études en population. Le génotype et le phénotype de 
TPMT étaient fortement associés (P<0,0001). Les taux de 6-TGN et de 
6-MMP étaient corrélés avec la dose d’azathioprine seulement chez les 
personnes dont l’activité des enzymes de TPMT était normale. Les patients 
ayant une leucopénie causée par l’azathioprine n’étaient pas plus suscep-
tibles de présenter des taux d’enzymes de TPMT que ceux ayant une leu-
copénie (P=1,0). Il n’y avait pas de taux précis de métabolites de 6-TGN 
associés à la rémission ou à la leucopénie.
EXPosÉ : Les résultats de la présente étude corroboraient des études anté-
rieures auprès de populations blanches. Le génotype et le phénotype de 
TPMT étaient bien corrélés, et les taux de métabolites de 6-TGN et de 
6-MMP ne s’associaient pas à la rémission de l’HAI ou à la toxicité de 
l’azathioprine. 
CoNClusioNs : La présente étude a confirmé l’utilité limitée de sur-
veiller les taux de métabolites de l’azathioprine chez des patients atteints 
d’une HAI.
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HPRT is responsible for the production of the active metabolite 
6-thioguanine nucleotides (6-TGN), which account for the 
therapeutic effects of azathioprine but have been associated 
with bone marrow toxicity at high levels. TPMT generates 
inactive metabolites of 6-MP. The gene encoding the TPMT 
enzyme is highly polymorphic, thus, leading to varying levels of 
enzyme activity in individuals. Approximately 89% of the 
Caucasian population has normal TPMT activity, 11% has 
intermediate activity and 0.3% has undetectable activity (5). 
TPMT genotype testing has been used to predict TPMT enzyme 
activity, and the presence or absence of mutations in TPMT 
alleles has correlated well with TPMT enzyme activity (6).

The American Association for the Study of Liver Diseases 
guidelines for AIH recommend consideration of pretreatment 
testing for TPMT activity in all patients (2). It has been rec-
ommended that individuals with intermediate TPMT activity 
or a heterozygous genotype receive lower doses of azathioprine 
and be monitored more carefully than those with normal 
TPMT activity or a wild-type genotype, and that those with 
absent TPMT activity or with homozygous mutations receive 
azathioprine with great caution or not at all (4). Although 
individuals with inflammatory bowel disease (IBD) and abnor-
mal TPMT activity are more likely to develop toxicity from 
azathioprine, it has been demonstrated that the majority of 
individuals with IBD who experience adverse reactions to aza-
thioprine have a normal TPMT genotype or phenotype (7,8). 
Therefore, the utility of routine TPMT testing in either IBD or 
AIH remains unclear.

In IBD, levels of 6-TGN metabolites have been demon-
strated to correlate with remission, and a recent meta-analysis 
(9) confirmed this association. However, there is significant 
heterogeneity between individual studies and patients. The 
meta-analysis (9) reported that 62% of patients above the 
threshold value for 6-TGN (ranging from 230 pmol/8×108 to 
260 pmol/8×108 red blood cells [RBCs]) were in remission 
versus 36% of patients who were below the threshold, thus 
demonstrating considerable overlap. In IBD, leukopenia has 
been associated with higher 6-TGN levels, while hepatotox-
icity has been associated with elevated levels of the inactive 
metabolite of azathioprine 6-methylmercaptopurine (6-MMP) 
(10). In AIH, studies have not determined a target range for 
6-TGN levels. Several studies in predominantly Caucasian popu-
lations (11-13) have found limited utility in monitoring levels of 
6-TGN and 6-MMP metabolites during azathioprine therapy. 

In the present study of AIH, which included a population-
based cohort of Alaska Native people, who have a high preva-
lence of AIH (14) and a university clinic-based non-Caucasian 
cohort, we evaluated the following: the prevalence of TPMT 
genotypic mutations in non-Caucasian patients with AIH; the 
association between TPMT genotype and enzyme activity; the 
impact of TPMT enzyme activity on levels of the azathioprine 
metabolites 6-TGN and 6-MMP; and the association between 
6-TGN and 6-MMP levels and remission or leukopenia in AIH 
patients treated with azathioprine.

MEtHoDs
inclusion criteria
Individuals were included if they met the criteria for definite or 
probable AIH based on the revised criteria from the International 
Autoimmune Hepatitis Group published in 1999 (15). The 

1999 criteria were used rather than the simplified 2008 criteria  
(16,17) because they were designed for classification of AIH 
for research purposes rather than clinical care. A probable 
diagnosis of AIH is based on a cumulative score of greater than 
15 and a definite diagnosis if the cumulative score is greater 
than 17 before treatment. All participants provided informed 
consent to participate in the study. Study participants were 
recruited at the Alaska Native Medical Center (ANMC, 
Alaska, USA) and the University of Texas Southwestern 
Medical Center (UTSW, Texas, USA). The study was approved 
by the Alaska Area institutional review board, the institutional 
review board at UTSW and the Alaska Native Tribal Health 
Consortium and Southcentral Foundation Boards of Directors. 
All individuals with an identified TPMT genotype and pheno-
type were included, regardless of whether they received aza-
thioprine. For the analysis of the association between TPMT 
genotype and TPMT enzyme activity, only individuals with 
data from both parameters were included. For the analysis of 
azathioprine metabolites and response to therapy, only partici-
pants treated with azathioprine and with at least one measure-
ment of metabolites while taking azathioprine were included. 
Because an insufficient number of individuals had multiple 
metabolite measurements to analyze the data longitudinally, a 
cross-sectional analysis with outcome variables defined at the 
time of the metabolite measurement was performed. In the case 
of multiple results, the most recent result was used. The dose of 
azathioprine was recorded in mg/kg/day using the daily dose of 
azathioprine and the recorded weight in the medical record 
closest to the time of metabolite draw.

tPMt and azathioprine metabolites
Testing for TPMT genotype and phenotype, 6-TGN and 
6-MMP were performed on whole blood at Prometheus 
Laboratories (USA) using the proprietary PRO-Predict TPMT 
Genetic Assessment assay. These tests determine a patient’s 
potential and actual ability to produce TPMT using an allelic 
discrimination polymerase chain reaction methodology to 
detect the presence or absence of three polymorphisms in the 
TPMT gene, which is located on chromosome 6. These TPMT 
polymorphisms have been demonstrated to correlate well with 
phenotype in a Caucasian population (6). Individuals were 
categorized as having a wild-type heterozygous mutation or 
homozygous mutation of TPMT. TPMT enzyme activity was 
classified as low (less than 6.7 enzyme units [EU]/mL), inter-
mediate (6.7 EU/mL to 23.6 EU/mL) or high (greater than 
23.6 EU/mL). Measurement of azathioprine metabolites uses 
high performance liquid chromatography and results are 
reported in pmol/8×108 RBCs.

Definition of remission
At the time of azathioprine metabolite measurement, individ-
uals were classified as being in remission or not. Remission of 
AIH was defined as an alanine aminotransferase (ALT) level of 
less than 1.5 times the upper limit of normal (40 U/L) and no 
clinical signs of active liver disease.

Definition of leukopenia
Based on the definition used in other studies of AIH (10,18), 
leukopenia was defined as a white blood cell (WBC) count of 
less than 4×109/L on a blood draw within one month of the 
metabolite draw. Other side effects such as nausea, vomiting 
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and/or rash, or bone marrow toxicity or pancreatitis leading to 
discontinuation of azathioprine were documented but not con-
sidered to be the primary outcome measure in the present 
analysis.

statistical analysis
Fisher’s exact test was used for comparisons of proportions. 
Correlations were tested using Spearman’s correlation coeffi-
cient. Comparisons of means were performed using the non-
parametric Wilcoxon two-sample test. A two-tailed P<0.05 
was considered to be statistically significant.

rEsults
study population
The present study recruited 71 participants. The characteris-
tics of the study population are summarized in Table 1. Of the 
57 individuals recruited at ANMC, 56 had TPMT genotyping 
and phenotyping performed, while all 14 individuals recruited 
at UTSW had TPMT genotyping and phenotyping performed. 
Forty-nine individuals had metabolite levels drawn at least 
once while taking azathioprine, 48 of whom had both metabol-
ite levels measured and TPMT phenotyping performed. Six of 
the 57 patients from ANMC met the criteria for probable AIH, 
and 51 of 57 met the criteria for definite AIH.

Correlation of tPMt genotype and phenotype
The distribution of TPMT genotypes is summarized in Table 1. 
There was no significant difference in the frequency of hetero-
zygous mutations between ANMC and UTSW participants 
(P=0.44 [Fisher’s exact test]). Figure 1 illustrates the relationship 
between TPMT genotype and TPMT enzyme activity. Individuals 
with the wild-type genotype had higher TPMT enzyme activity 
levels, although three individuals with the wild-type genotype had 
intermediate levels of enzyme activity. Individuals with hetero-
zygous mutations in TPMT (all were 1/*3A mutations) had lower 
levels of TPMT enzyme activity, and only one of the heterozygotes 
had normal enzyme activity. The association between genotype 

and category of enzyme activity (normal versus intermediate) was 
highly significant (P<0.0001 [Fisher’s exact test]).

Association between azathioprine dose and metabolite levels 
The association between azathioprine dose (in mg/kg/day) and 
6-TGN and 6-MMP metabolite levels was evaluated. Plots were 
stratified according to TPMT enzyme activity category (normal 
versus intermediate) because it was apparent that the dose and 
response varied. As illustrated in Figure 2, the levels of 6-TGN 
metabolites increased with azathioprine dose in the setting of 
normal TPMT phenotype (Spearman’s r=0.41; P=0.01). 
However, in the setting of intermediate TPMT enzyme activity, 
there was no relationship between azathioprine dose and 6-TGN 
levels (Spearman’s r=0.24; P=0.48). Figure 3 illustrates a similar 
phenomenon for 6-MMP levels, which only correlated with aza-
thioprine dose in individuals with a normal TPMT phenotype 
(Spearman’s r=0.71; P=<0.0001), but not in individuals with an 
intermediate TPMT phenotype (Spearman’s r=0.21; P=0.54).

Association between azathioprine metabolites, tPMt 
phenotype and remission
Of 49 individuals who underwent measurement of metabolite 
levels while on azathioprine, 41 were in remission at the time of 
the blood draw. As shown in Table 2, the mean azathioprine 
dose was similar in patients who were in remission compared 
with those who were not in remission and, in both cases, the 
mean dose was approximately 1 mg/kg/day. There was no statis-
tically significant difference in TPMT enzyme activity category, 
mean level of 6-TGN, 6-TGN level adjusted for azathioprine 
dose, or the proportion of individuals with 6-TGN levels of more 
than 230 pmol/8×108 RBCs. Notably, the mean level of 
6-TGN was lower in those in remission than not in remission, 
and only 14.6% of those in remission had 6-TGN levels 
above 230 pmol/8×108 RBCs, compared with 25% of individ-
uals not in remission. There was also no difference in 6-MMP 
levels according to remission status, and no patients had a 
6-MMP level of greater than 5700 pmol/8×108 RBCs.

TAble 1
Characteristics of the study population

Alaska Native 
Medical Center*  

(n=57)

University of Texas 
Southwestern†  

(n=14)
Age‡, years, mean ± SD 52.2±14.7 45.0±15.4
Female sex, n (%) 53 (93.0) 13 (92.9)
Race/ethnicity
   Alaska Native/American Indian 57 (100) 0 (0)
   African-American 7 (46.7)
   Hispanic 7 (46.7)
TPMT genotype 
 Wildtype 46 (80.7) 13 (92.9)
 Heterozygous 1/*3A 11 (19.3) 1 (6.7)
 Homozygous mutant 0 (0) 0 (0)

TPMT enzyme activity§ n=56 n=14
 Normal 42 (75) 13 (92.9)
 Intermediate 14 (25) 1 (6.7)
 Low 0 (0) 0 (0)

Data presented as n (%) unless otherwise indicated. *Anchorage, Alaska, 
USA; †Dallas, Texas, USA; ‡Age at September 15, 2005; §Thiopurine methyl-
transferase (TPMT) enzyme activity: normal greater than 23.6 enzyme units 
(EU)/mL, intermediate 6.7 EU/mL to 23.6 EU/mL, low less than 6.7 EU/mL 

Figure 1) Thiopurine methyltransferase (TPMT) enzyme activity 
according to genotype. 1/3A Heterozygous TPMT*3A mutation; 
Dashed line at 23.6 enzyme units/mL marks the cut-off between 
intermediate and high TPMT enzyme activity
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Association among azathioprine metabolites, tPMt 
phenotype and leukopenia
Forty-eight individuals were classified based on the presence or 
absence of leukopenia (Table 3). One individual with systemic 
lupus erythematosus (SLE) was excluded from this particular 
analysis because the etiology of the leukopenia was believed to 
be probably due to SLE. A total of nine individuals with leuko-
penia presumably due to azathioprine were identified. There 
was no statistically significant difference in azathioprine dose, 
TPMT enzyme activity, 6-TGN or 6-MMP levels in individ-
uals with leukopenia than in those without. Although the most 
common toxicity related to azathioprine was leukopenia, as 
included in the analysis, or other bone marrow toxicity: one 
patient each had pancreatitis, oral ulcers and headaches that led 
to discontinuation of azathioprine. Collectively considering all 
of the toxicities did not alter the results of the analysis.

DisCussioN
In the first study of the management of AIH in predominantly 
non-Caucasian populations (5), we found the distribution of 
TPMT genotypes to be similar to that reported in studies of 

Caucasian blood donors. We demonstrated that, while TPMT 
genotype and phenotype correlated well, individuals with 
leukopenia due to azathioprine were no more likely to have 
intermediate TPMT enzyme activity than those without leuko-
penia. We found that most individuals taking azathioprine for 
AIH were maintained in remission at a dose of slightly more 
than 1 mg/kg/day. This dose is considerably lower than the 
2.5 mg/kg of azathioprine that correlates with remission in IBD 
(19). No level of 6-TGN metabolites was predictably associated 
with remission or leukopenia. Finally, the level of 6-TGN and 
6-MMP metabolites only correlated with the azathioprine dose 
in individuals with normal TPMT enzyme activity. In persons 
found to have an intermediate level of TPMT enzyme activity, 
these metabolites were not correlated with azathioprine dose.

Three previous studies (11-13) evaluated TPMT genotype 
and enzyme activity in mostly Caucasian AIH patients and, in 
all three, TPMT genotype and phenotype correlated well, but 
not perfectly. One study of 72 AIH patients (11) found that 
TPMT enzyme activity did not invariably predict response to 
azathioprine. However, TPMT enzyme activity was lowest in 
patients who did not tolerate azathioprine, intermediate in 
patients in remission on azathioprine alone, and highest in 
patients who required corticosteroids in addition to aza-
thioprine to attain remission. The second study of 86 AIH 

Figure 3) 6-methylmercaptopurine levels (pmol/8×108 red blood 
cells) versus azathioprine dose stratified according to thiopurine 
methyltransferase (TPMT) enzyme activity (normal versus inter-
mediate). A Normal TPMT enzyme activity. B Intermediate 
TPMT enzyme activity

Figure 2) 6-thioguanine nucleotide levels (pmol/8×108 red blood cells) 
versus azathioprine dose stratified according to thiopurine methyl-
transferase (TPMT) enzyme activity (normal versus intermediate). 
A Normal TPMT enzyme activity. B Intermediate TPMT enzyme 
activity
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patients (12) found that TPMT genotype and/or phenotype did 
not predict toxicity of azathioprine and were no different in 
patients requiring corticosteroids to attain remission compared 
with azathioprine alone. The most recent study (13) found no 
difference in azathioprine dose or adverse event rates between 
individuals with normal compared with intermediate TPMT 
enzyme activity. Our study confirms the findings that TPMT 
genotype and phenotype correlate well (6,11-13). 
Furthermore, our findings that TPMT phenotype is not 
associated with remission or toxicity are consistent with 
these three studies of AIH. Supporting these findings, studies 
of other autoimmune diseases, including SLE and antineutro-
phil cytoplasmic antibody-associated vasculitis (20,21), have 
also found that TPMT genotype and/or phenotype do not pre-
dict adverse events including myelosuppression.

In AIH, two studies (12,13) reported a correlation between 
azathioprine dose and 6-TGN and 6-MMP levels. Studies in 
IBD have been inconsistent, and several studies have demon-
strated that the dose of azathioprine and levels of its metabol-
ites do not correlate well (18,22,23). However, no study in IBD 
or AIH has stratified the impact of azathioprine dose on levels 
of metabolites according to TPMT phenotype. Our data dem-
onstrated that azathioprine dose correlates with metabolite 
levels only in individuals with normal TPMT enzyme activity. 
Based on the mechanism of metabolism of azathioprine, one 
might have expected higher levels of azathioprine metabolites 
in individuals with intermediate enzyme activity. This lack of 
correlation between azathioprine dose and metabolite levels in 
individuals with intermediate TPMT enzyme activity should 
be investigated in other populations.

Studies of IBD have identified cut-offs for 6-TGN (above a 
threshold value ranging from 230 pmol/8×108 to 260 pmol/8×108 
RBCs) that are associated with remission (9). No previous 
study in adults with AIH has validated the cut-offs recom-
mended in IBD, although a study of pediatric patients with 
AIH showed that in eight patients with low levels of 6-TGN, 
dose escalation of azathioprine to achieve target 6-TGN levels 
between 235 pmol/8×108 and 450 pmol/8×108 RBCs was safe 
and reduced ALT levels and steroid requirements (24). In 
adults with AIH, one study (12) demonstrated that the mean 
level of 6-TGN in patients in remission was 152 pmol/8×108 
RBCs in patients without prednisone (with mean azathioprine 
dose of 1.52 mg/kg/day) and 157 pmol/8×108 RBCs in 
patients on azathioprine and prednisone (mean azathioprine 
dose 1.71 mg/kg/day). Another study (11) found higher mean 
6-TGN levels (264 pmol/8×108 RBCs) with a similar mean 
dose of azathioprine (1.3 mg/kg/day). Hindorf et al (13) 
recently demonstrated that 6-TGN levels were similar in 
patients with complete remission and partial remission and, in 
both cases, were low (113 pmol/8×108 and 121 pmol/8×108 

RBCs, respectively) compared with levels described in remis-
sion in IBD. In the present study, we demonstrated that the mean 
dose-adjusted 6-TGN level in remission was 146 pmol/8×108 
RBCs, also significantly lower than the cut-offs used in IBD, 
and not statistically different from individuals who were not in 
remission. Most studies in IBD have also suggested that 
higher levels of 6-TGN (generally above 400 pmol/8×108 to 

450 pmol/8×108 RBCs) are associated with leukopenia (10), 
but not all studies have shown that association (25). These 
higher levels of 6-TGN were usually seen with doses of 

TAble 2
Azathioprine dose and metabolite levels of patients in 
remission versus those not in remission

Remission
PYes (n=41) No (n=8)

Azathioprine dose, mg/kg/day

   Mean ± SD 1.16±0.48 1.09±0.50 0.90*

   Median 1.16 1.16

Intermediate TPMT enzyme activity†, 
   n (%)

8 (19.5) 2 (28.6)  
  (n=7)

0.63**

6-TGN, pmol/8×108 RBCs

 Mean ± SD 143±79 189±144 0.43*

 Median 138 189

6-TGN adjusted for azathioprine dose, pmol/8×108 RBCs

 Mean ± SD 146±103 207±238 0.76*

 Median 104 113

6-TGN above 230 pmol/8×108 RBCs,  
n (%)

6 (14.6)     2 (25) 0.60**

6-MMP, pmol/8×108 RBCs

 Mean ± SD 1066±1071 672±416 0.82*

 Median 806 606.5

6-MMP adjusted for azathioprine dose, pmol/8×108 RBCs

 Mean ± SD 870±666 604±222 0.42*

 Median 679 589

*Wilcoxon 2-sample test; †Data regarding thiopurine methyltransferase 
(TPMT) enzyme activity level available for 48 of 49 patients; **Fisher’s exact 
test. 6-MMP 6-methylmercaptopurine; 6-TGN 6-thioguanine nucleotides; 
RBCs Red blood cells 

TAble 3
Azathioprine dose and metabolite levels of patients with 
leukopenia versus no leukopenia

leukopenia*
PYes (n=9) No (n=39)

Azathioprine dose, mg/kg/day
 Mean ± SD 1.06±0.53 1.18±0.47 0.61†

 Median 1.16 1.22
Intermediate TPMT enzyme  

activity, n (%)
2 (22.2) 9 (23.7)

(n=38)
1.00‡

6-TGN, pmol/8×108 RBCs
 Mean ± SD 103±67 163±137 0.09†

 Median 91 114
6-TGN adjusted for azathioprine dose, pmol/8×108 RBCs
 Mean ± SD 126±125 162±137
 Median 90 114 0.30†

6-TGN above 230 pmol/8×108 
RBCs, n (%)

0 (0) 8 (21) 0.32‡

6-MMP, pmol/8×108 RBCs
 Mean ± SD 671±614 1097±1066 0.13†

 Median 343 823
6-MMP adjusted for azathioprine dose, pmol/8×108 RBCs
 Mean ± SD 622±313 884±671 0.41†

 Median 590 669

*Leukopenia defined as a white blood cell count of less than 4x109/L on blood 
draw within one month of metabolite draw. One patient was excluded because 
their pancytopenia was believed to be due to systemic lupus erythematosus; 
†Wilcoxon 2-sample test; ‡Fisher’s exact test. 6-MMP 6-methylmercaptopurine; 
6-TGN 6-thioguanine nucleotides; RBCs Red blood cells; TPMT Thiopurine 
methyltransferase 
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azathioprine of approximately 2.5 mg/kg/day (19). We did not 
find any association between 6-TGN levels and leukopenia in 
AIH. Furthermore, remission was achieved at much lower doses 
of azathioprine than occurred with remission in IBD, with leuko-
penia observed at dramatically lower levels of 6-TGN. Other 
mechanisms may exist in persons with AIH that, when com-
bined with small doses of azathioprine, contribute to bone mar-
row toxicity such as autoantibodies to marrow cells.

The present study has some limitations. First, the small 
sample size may not have enabled us to detect some associa-
tions. However, AIH is a rare disease and few studies have sig-
nificant sample sizes primarily because very few centres in the 
world follow a large number of these patients. In addition, we 
reported data in predominantly non-Caucasian AIH patients, 
which have not been described in most of the literature on 
AIH. A second limitation is the possibility that we missed rare 
mutations in the TPMT gene, given that we were only testing 
for the three most common mutations, as is standard practice 
using commercially available tests. Although these common 
alleles account for the vast majority of TPMT mutations in 
all populations studied to date, it is possible that we missed a 
novel mutant allele such as TPMT*6, an allele described in the 
Korean population (26). However, we used TPMT phenotype 
for the remainder of the analyses, which is not affected by this 
limitation, and we demonstrated that genotype and phenotype 
correlated well.

The information from the present study has clinical applica-
tions. First, it demonstrated that a normal TPMT enzyme 
activity does not preclude azathioprine toxicity. However, we 
believe that TPMT phenotype testing before initiation of aza-
thioprine to identify individuals with very low enzyme activity 
is still warranted. Second, our study confirmed that there is 

limited utility to monitoring levels of 6-TGN and 6-MMP in 
individuals of any ethnicity with AIH who are maintained on 
azathioprine. Given the limitations of these tests, we would not 
recommend clinicians to use these parameters to routinely fol-
low their patients on azathioprine. The mainstay of testing for 
patients on azathioprine should still be the complete blood 
count with differential and ALT levels. Finally, it appears that 
remission can be maintained in most individuals on aza-
thioprine at much lower doses – approximately 1 mg/kg – 
than are necessary in IBD.

suMMAry
We performed a comprehensive study of non-Caucasian indi-
viduals with AIH to examine data regarding TPMT genotype 
and phenotype, azathioprine metabolites, and their association 
with remission of AIH or leukopenia due to azathioprine. The 
data from the present and other studies in AIH provide a 
strong rationale against the use of measuring 6-TGN and 
6-MMP levels in the routine management of AIH patients on 
azathioprine. Additional studies would be useful to determine 
whether other markers could be helpful in predicting AIH 
remission and azathioprine toxicity. Future studies should 
include sufficient representation from different racial and eth-
nic groups to determine whether the findings are generalizable 
to other populations.
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