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ABSTR AC T
Introduction
Tioguanine (TG) may be used for maintenance of remission in inflammatory bowel diseases 
(IB7D). This drug has been associated with nodular regenerative hyperplasia (NRH) of the liver. 
In this study we evaluated whether changes in liver histopathology occur during TG treatment.

Methods
From a cohort of IBD patients treated with TG, those who underwent two or more liver 
biopsies over time, as part of routine toxicity screening, were selected. Biopsy specimen 
were revised by two liver pathologists focusing on vascular liver irregularities including 
nodularity (which includes NRH), phlebosclerosis, sinusoidal dilatation and perisinusoidal 
fibrosis. Clinical data including liver tests and imaging of the abdomen were obtained. 

Results
In 22 out of the 25 included patients either both biopsy specimen were obtained during 
TG treatment, or the first specimen was obtained just prior to and the second during TG 
treatment. Median time between the first and second biopsy was 24.8 (range 14.0-54.3) 
months. In the first and second biopsy nodularity was observed in respectively 18% and 
18% (p=1.0), but none fulfilled criteria of NRH. Phlebosclerosis was present in 36% and 
68% (p=.092), sinusoidal dilatation in 68% and 68% (p=1.0), and perisinusoidal fibrosis in 
91% and 91% (p=1.0), respectively. In two patients with NRH at first biopsy, a second biopsy 
was performed after TG cessation and showed no or only mild nodularity and amelioration 
of the other vascular liver irregularities.

Conclusion
Vascular liver irregularities in IBD patients treated with TG are frequently observed but 
largely do not change over time apart from a possible increment of phlebosclerosis.
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INTRODUC TION
Thiopurines are widely used in the treatment of inflammatory bowel disease (IBD), both 
in combination with biologicals for remission induction and as monotherapy during 
remission maintenance phase1,2. Tioguanine (TG), a sister compound of azathioprine 
and mercaptopurine, is well tolerated by IBD patients who had failed the latter two3. This 
advantage in tolerability is presumably the result of the metabolism of TG with much less 
production of potentially toxic metabolites when compared to conventional thiopurine 
derivatives. Despite this advantage, the use of TG has largely been discarded after its 
association with liver toxicity4. This presumed TG associated liver toxicity is often referred 
to as nodular regenerative hyperplasia (NRH), resulting from a heterogeneous blood flow 
due to hepatic vascular toxicity associated with noncirrhotic portal hypertension5. The 
pathophysiological mechanism of NRH and other vascular abnormalities are believed to 
result from injury to the endothelial cells causing inflammation and a vasculopathy with 
possibly occlusion of vessels6. There is some evidence, albeit from a mouse model, that 
the risk of liver injury during TG treatment is decreased when using low dosages or a split 
dose regimen7,8. In addition to the nodularity that typifies NRH, other histopathological 
features of hepatic vascular toxicity have been observed in noncirrhotic portal hypertension 
including phlebosclerosis, perisinusoidal fibrosis and sinusoidal dilatation9. 
Histopathological abnormalities are frequently found in liver biopsies from IBD patients 
using TG; NRH in 6 percent of cases10. Histopathology on its own may not always be clinically 
relevant as NRH was observed in in two to three percent of people from a series of healthy 
potential liver donors and a post-mortem series11,12. The natural history of TG associated liver 
toxicity is poorly studied, in particular during TG treatment but also after TG withdrawal. 
There is a small study comprising 10 children who had been treated with high dose TG for 
acute lymphatic leukemia. These children developed portal hypertension with esophageal 
varices and thrombocytopenia that upon drug withdrawal did not spontaneously resolve13. 
In contrast, an increased hepatic venous pressure gradient (HVPG) observed during the use 
of TG in IBD patients ameliorated upon drug withdrawal14. Whether these clinical outcomes 
reflects changes in histopathology is likely, but remains speculative. 
The aim of the present study was to assess histopathological findings in sequential liver 
biopsies from IBD patients treated with TG to identify changes in histopathology over time. 
In addition, we aimed to determine whether changes in histopathology were accompanied 
by clinical signs or symptoms.

MATERIAL AND METHODS
Study design and patient selection
Between January 2002 and January 2014 across seven different hospitals in the Netherlands 
a cohort study was performed consisting of patients treated with TG who underwent 
liver biopsies as part of monitoring drug safety, as proposed by a European working 
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party15. Patients received TG for gastrointestinal diseases such as IBD, celiac disease and 
microscopic colitis. Those with IBD and at least two biopsy specimens available were 
included in the analysis, whereas patients with celiac disease and microscopic colitis were 
excluded to achieve a more homogenous group. Biopsies were obtained either prior to the 
start and during TG treatment, either obtained during TG treatment, or obtained during 
treatment and after TG treatment cessation. Patients with a histopathological diagnosis of 
severe steatosis (>66%) or steatohepatitis were also excluded from the analysis since these 
entities both frequently cause liver test abnormalities and may give rise to architectural 
changes of the cytoskeleton causing perivenular and pericellular/perisinusoidal fibrosis, 
which obscures assessment of the reticuline staining in view of TG treatment16,17. The 
prescription of TG was off-label but part of standard care if conventional thiopurine 
treatment with azathioprine or mercaptopurine was indicated, but had failed. Prior to 
initiation of TG treatment all patients consented to its use and to the performance of liver 
biopsies and collection of clinical data for safety monitoring. This study was approved by 
the institutional human research review committee of the VU University Medical Center 
in Amsterdam although in accordance with the Dutch Medical Research Involving Human 
Subjects Act the study was officially exempt from formal reviewing as patients were not 
subjected to additional tests or questionnaires over standard care. According to the Dutch 
code of conduct for dealing responsibly with human tissue in the context of health research, 
all specimens and clinical data used in this study were coded anonymous. Liver biopsy 
specimens were revised by two experienced liver pathologists (JV and EB). 

Liver histopathology
All biopsies were percutaneously obtained needle biopsies. Biopsy specimens were included 
in the analysis if at least the following stains were performed: hematoxylin-eosin (HE) 
staining and/or periodic acid-Schiff diastase (PAS-D) staining, a trichrome staining such as 
Elastic van Gieson (EvG), Sirius red or Masson’s trichrome, and a reticulin silver staining. 
Biopsy specimens with less than six portal tracts were excluded from the analysis as these 
were arbitrarily considered not suitable for adequate histopathological evaluation. 
In addition to the assessment by the local pathologists, two liver pathologists (JV and EB) 
independently revised the liver biopsy specimens with specific attention for histopathological 
characteristics of vascular damage including nodularity, perisinusoidal fibrosis, sinusoidal 
dilatation, and phlebosclerosis and perivenular fibrosis. These characteristics were scored 
in an ordinal manner (table 1). In addition to these characteristics also periportal fibrosis, 
steatosis (Brunt’s score)17, portal-, interface-, and lobular inflammation were scored. In case 
of discrepancy between individual pathologists biopsies were jointly revised and the score 
determined by consensus. In accordance with the definition as proposed by Wanless12, NRH was 
defined as grade 3 nodularity (visible on both haemotoxylin-eosin and reticuline staining) in the 
absence of bridging fibrosis. Both pathologists were partially blinded; they revised the biopsies 
knowing that these were from IBD patients treated with TG but without further clinical details. 
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Laborator y tests and medical imaging
Laboratory tests including liver tests and blood counts were collected within six months 
prior to TG commencement and around the time of the liver biopsies (within 3 months 
prior to or after the biopsy date). Thrombocytopenia was defined as a thrombocyte count 
of less than 150 x 10^9/l. Leucocytopenia was defined as a white blood count of less than 
3.0 x 10^9/l. Liver test abnormalities were defined as liver tests above the upper limit of 
the normal range, i.e. aspartate aminotransferase > 40 U/L, alanine aminotransferase > 40 
U/L, alkaline phosphatase > 120 U/L, gamma glutamyl transferase > 40 U/L and bilirubin 
> 20 µmol/L. If available, tioguanine nucleotide concentrations (TGN) were also collected. 
Reports of abdominal ultrasound, computer tomography or MRI performed within 3 
months from the biopsy were also collected.

Statistical analysis
Patient characteristics and histopathological findings were presented descriptively. Continuous 
variables were presented depending on their distribution either as mean with standard deviation 
or median with range. Histopathological characteristics were dichotomized to reduce the 
amount of cells with very few cases and cross tables with McNemar test were used to compare 
these dichotomous paired variables. To compare paired variables such as laboratory values a 
paired T-test or Wilcoxon signed rank test was used. To compare continuous variables between 
groups Student’s T-test or Mann-Whitney U-test was used where appropriate. For statistical 
analysis we used IBM SPSS 20. P-values < .05 were considered statistically significant.

RESULTS
Patients
The cohort included 155 patients, 9 of whom did not have IBD and were therefore excluded. 
In a total of 103 patients only one biopsy was obtained at the time of analysis, leaving 43 
eligible patients with a minimum of two sequential liver biopsies available for this study. A 
third and fourth biopsy was obtained, respectively, in 11 and 2 patients. 
During the revision process four biopsy specimen were inadequately stained, seven had 
insufficient portal tracts, four were not available for revision and another three revealed 
steatohepatitis leaving 25 patients with at least two proper sequential liver biopsies for definite 
inclusion in the study, 4 of whom with three and one with four biopsy specimens available 
(figure 1). There were 3 patients with a first biopsy obtained just prior to TG treatment and the 
second obtained while on treatment, 3 with a first biopsy obtained during TG treatment and 
a second after TG cessation and 19 patients with both biopsies obtained during TG treatment.
Patients had a mean age of 43,9 years (± 13,0). Additional patient characteristics were 
outlined in table 2. Indications for a second liver biopsy were the development of liver test 
abnormalities in 5, part of the screening protocol in 17 and to evaluate histopathology after 
cessation of TG in 3 patients. 
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Figure 1. Flow-chart of IBD patients with two or more liver biopsies during tioguanine (TG) treatment 
included in this study.

Tioguanine and other treatments
Tioguanine was prescribed in a mean daily dose of 20 mg (S.D. 3.5 mg) corresponding with 
0.28 mg per kg (0.10-0.38). Median treatment duration from the start of TG to the first and 
second liver biopsy was 16.0 months (-11.7-38.7) and 40.8 months (13.0-72.2), respectively. 
Median time between both biopsies was 24.8 months (14.0-54.3). Adverse events were 
encountered in 5 out of the 25 patients, 3 of whom with hepatotoxicity upon which TG 
treatment was ceased, 1 with melanoma and 1 with myalgia both continuing TG treatment. 
Co-treatments consisted of infliximab in 3 patients, budesonide in 5, prednisolone below 
10mg daily in 5 and prednisolone over 10 mg daily in 2 patients.

Histopathological findings during tioguanine treatment
First and second biopsy specimens from the 22 patients who had their second biopsy obtained 
during TG treatment contained a median of 9 (6-20) and 15 (8-32) portal tracts and had a 
mean length of 14,0 mm (S.D. 6.2) and 15,4 mm (S.D. 6.7), respectively. A perfectly normal 
liver histology was observed in the first biopsy of 1 patient. All other biopsies showed some 
irregularities; mild hepatic vascular irregularities but also inflammation, steatosis and 
fibrosis were observed (figure 2). 
Depending on the histopathological characteristic, in 45% up to 86% of patients liver 
histopathology was not altered during TG treatment. No statistically significant changes in 
hepatic vascular irregularities were observed, although there was a trend towards statistical 
significance with regard to an increase in (grade of) phlebosclerosis. Histopathological 
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Table 2. Patient characteristics.

N % / S.D. / Range

Patients 25
Sex – male / female 10 / 15 40% / 60%
Age (yr) 43.9 S.D. 13.0
BMI 25.0 S.D. 5.0
IBD – CD / UC 15 / 10 60% / 40%
Disease duration (yr) 8.7 0.0-25.6
Location / behavior / extent

CD – ileum 5 33%
CD – colonic 5 33%
CD – ileocolonic 5 33%
CD – non-stricturing/non-penetrating 6 40%
CD – stricturing 4 27%
CD – poenetrating 5 33%
UC – proctitis 2 20%
UC – left-sided 3 30%
UC - extensive 5 50%

Thiopurine therapy prior to tioguanine (n)
Azathioprine 17 68%
Mercaptopurine 2 8%
Azathioprine and mercaptopurine 6 26%
Intolerant 24 96%

Gastrointestinal 7
Fever 5
Hepatotoxicity 2
Fatigue 2
Pancreatitis 1
Arthralgia 1
Myelotoxicity 1
Rash 1
Not known 4

Refractory 1 4%
Other immunomodulating therapies prior to use of tioguanine (n)

Infliximab 4 16%
Methotrexate 3 12%
Cyclosporine 1 4%

Surgery (n)
No surgery 17 68%
Small bowel resection 7 28%
Colonic resection 1 4%
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Figure 2. Histopathological findings as observed in sequential liver biopsies obtained during TG treatment. 
Histopathological abnormalities are graded; see table 1. The first bar represents the first biopsy and the 
second bar the second biopsy. There were no statistical significant differences between the findings of the 
first and second biopsy although a trend towards statistical significance was observed for phlebosclerosis.

changes occurred largely in both directions, i.e. some irregularities increased while others 
decreased (Supplemental table 1); this was also observed in patients who underwent a third 
and fourth biopsy (Supplemental table 2). There were no liver biopsy specimen that fulfilled 
the criteria of NRH, although some degree of nodularity was observed in 6 out of 22 patients 
(18%), either in the first or the second biopsy. In 2 patients nodularity was present in the 
first biopsy but not in the second, in 2 patients there was no nodularity in the first biopsy but 
some in the second, and in two patients nodularity was observed in both biopsies.

Clinical findings during tioguanine treatment
Overall, during TG treatment an increase in hemoglobin concentration was observed 
(table 3). Thrombocytopenia was observed in three patients, in one of whom this was pre-
existing and without coinciding liver test abnormalities or splenomegaly. Liver histopathology 
of this patient showed grade 1 and grade 2 nodularity without other abnormalities in the first 
and second biopsy, respectively. In two other patients thrombocytopenia occurred during 
TG treatment. These two patients had worsening of pre-existing liver test abnormalities and 
medical imaging revealed splenomegaly present around the time of both biopsies. Liver 
histopathology of sequential biopsies showed different degrees of nodularity (patient 1: grade 
2 and grade 1; patient 2: grade 0 and grade 2) and phlebosclerosis (patient 1: grade 1 and grade 
2; patient 2: grade 3 and grade 3). There were no other cases of splenomegaly observed.
Any liver test abnormality was observed in nine patients at time of the first biopsy and in 
five patients at time of the second biopsy. In three of the latter this was pre-existing. One of 
the two patients who developed liver test abnormalities during TG treatment had a gamma 
glutamyl transferase activity of only 43 U/L around the second liver biopsy that showed 
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Table 3. Paired blood tests. 

Biopsy 1 Biopsy 2 P

Haemoglobin (mmol/l) 8.3 (±1.1) 8.8 (±0.7) .05
Platelet count (x10^9/l) 278 (±116) 265 (±134) .36
Leucocyte count (x10^9/l) 6.3 (4.4-11.3) 6.3 (3.3-9.1) .85
Mean cellular volume (fl) 90 (±5) 91 (±6) .26
ASAT (U/l) 24 (13-78) 25 (14-52) .67
ALAT (U/l) 28 (10-85) 24 (9-103) .78
Alkaline phosphatase (U/l) 76 (43-204) 75 (56-133) .84
Gamma-GT (U/l) 22 (6-126) 23 (10-216) .36
TGN (pmol/10^8 RBC) 414 (156-847) 342 (36-942) .61

mild steatosis. The other had an isolated increase in gamma glutamyl transferase activity 
of 92 U/L with normal blood counts. Liver histopathology in this patient showed grade 1 
nodularity with grade 2 perisinusoidal fibrosis and grade 3 phlebosclerosis that was not 
present at the first biopsy. No medical imaging of liver and spleen was available. One of 
the three patients with persisting liver test abnormalities had moderate steatosis and the 
other two were the two patients describe above with thrombocytopenia, splenomegaly and 
different degrees of nodularity and phlebosclerosis in their liver biopsy.

Histopathology and clinical findings after tioguanine withdrawal
Three Crohn’s disease patients had a liver biopsy not only during TG treatment but also after 
cessation of TG treatment. Time to first biopsy was 18.2, 21.3 and 24.9 months and time between 
cessation of TG and the second biopsy was 20.7, 7.7, and 17.3 months, respectively. Histopathology 
revealed NRH in two and mild steatosis in one patient. At time of the first liver biopsy all three 
patients had liver test abnormalities and one patient with NRH also had thrombocytopenia. The 
second biopsies showed less nodularity, phlebosclerosis and perisinusoidal fibrosis in those two 
patients with a previous diagnosis of NRH (table 4). These two patients also had an amelioration 
of their liver test abnormalities. The ongoing and slightly increment of liver test abnormalities in 
the patient with mild steatosis could not be explained; histopathology was not markedly altered.

DISCUSSION
This study showed that mild inflammation, steatosis, fibrosis and vascular irregularities are 
commonly present in the liver of IBD patients treated with TG and that in most patients 
these irregularities do not markedly change over time. Phlebosclerosis appeared to be 
more commonly observed in the second biopsies, although this did not reach statistical 
significance. Although any nodularity was not uncommon during TG treatment, the degree 
of this nodularity increased and decreased in an equal number of patients. In this study, 
no cases fulfilling the criteria for NRH were observed. In two patients who developed 
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Table 4. Histopathological and clinical changes in 3 patients who stopped tioguanine due to liver test 
abnormalities.

  patient 1 patient 2* patient 3

Sex m/f f f f
Age (years) 33.4 62.0 61.9
IBD CD CD CD
Duration of disease (years) 6 2,4 3
Location colon colon ileum
Pretreatment MP MP AZA+MP
Duration TG treatment (months) 18.2 21.3 24.9
Time between stop TG and 2nd 
biopsy (months)

20.7 7.7 17.3

Grade of 1st biopsy 2nd biopsy 1st biopsy 2nd biopsy 1st biopsy 2nd biopsy
Nodularity 3 0 0 0 3 1
Phlebosclerosis 2 0 1 0 0 0
Perisinusoidal fibrosis 2 1 1 1 3 2
Sinusoidal dilatation 2 1 1 0 1 1
Perivenular fibrosis 1 1 0 0 1 0
Platelet count (x10^9/L) 131 251 402 596 111 176
Gamma glutamyl transferase (U/L) 425 262 99 244 214 85
Alkaline phosphatase (U/L) 393 164 127 340 131 77
Medical imaging (ultrasound/CT-scan) n.a. n.a. normal normal normal normal

* Patient two has no NRH but histopathology showed mild steatosis in both biopsies; liver test abnormalities 
not otherwise explained.
n.a not available.

symptoms and signs indicative of liver toxicity (and portal hypertension), liver biopsies 
showed more severe phlebosclerosis in conjunction with moderate nodularity. This study 
further shows that TG associated liver injury might be reversible upon TG cessation.
A strength of this study is the availability of multiple liver biopsy specimens per patient 
which provides the opportunity to link clinical findings with histopathology over time, 
during TG treatment. Moreover, the median time between both biopsies was around 2 years, 
being a time-frame that is likely to be sufficient to develop any therapy associated toxicity. In 
addition, the revision process by two experienced liver pathologists with specific attention 
for and structural assessment of signs of vascular liver injury makes these data more reliable. 
The main weakness of the study is its design, being a cohort of only IBD patients on TG 
treatment that underwent a liver biopsy. Selection bias is therefore likely to occur; if patients 
are clinically doing well or if the first biopsy was without abnormalities, both patient as well 
as physician may be inclined to refrain from performing a (potentially harmful) liver biopsy. 
Conversely, if the first biopsy revealed significant liver toxicity TG would probably be stopped 
and a second biopsy not performed. The absence of a control group hampers to draw firm 
conclusions with respect to causality. It is not known whether the observed histopathological 
irregularities would have similarly been observed in patients on conventional thiopurines or 
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in these same patients if not treated at all. Moreover, co-treatments, including anti-TNF alfa 
inhibitors, may also have contributed to the observed abnormalities18.
The results from our study underline that histopathological abnormalities, including mild 
vascular irregularities, are frequently observed in IBD patients on TG treatment, but 
are mostly of no clinical significance. Nodular regenerative hyperplasia, being the most 
extreme form of micro nodularity, has been observed in 6 percent of IBD patients treated 
with TG. Only half of these patients had clinical signs of liver injury10. This is in line with 
the finding that NRH was observed in healthy potential liver donors as well as in a post 
mortem series11,12, and in thiopurine naïve IBD patients without signs of liver toxicity who, 
as a result of therapy refractory disease, underwent intestinal surgery and at the same time 
were subjected to a surgical wedge biopsy from the liver19. The somewhat weak association 
between a histopathological diagnosis of NRH and the clinical syndrome of vascular liver 
toxicity might, at least partially, be explained by pathologists inter-observer variability which 
has been shown to be poor with regard to diagnosing NRH20. On the other hand, NRH might 
occur focally, hence not immediately resulting in portal hypertension. Moreover, clinical 
relevant liver injury that can occur during TG treatment, as observed in two of the patients 
in our study, is not always the result of or reflected by NRH, but may also reflect other 
(vascular) histopathological abnormalities such as phlebosclerosis. In 1990, Wanless already 
showed that nodularity was frequently accompanied by phlebosclerosis which is the main 
histopathological characteristic of obliterative portal venopathy (OPV)12 This OPV is another 
descriptive term which, consistent with NRH, has been associated with portal hypertension21.
A reassuring finding of our study was the fact that two patients who had developed NRH with liver 
test abnormalities and thrombocytopenia showed improvement of liver test abnormalities and 
platelet counts but, more interestingly, also of histopathological characteristics such as nodularity, 
phlebosclerosis and perisinusoidal fibrosis. This reversibility of histopathological (vascular) 
damage acknowledges the findings of Austrian researchers who already showed that the hepatic 
venous pressure gradient, which was increased in IBD patients with NRH during TG treatment, 
decreased upon TG withdrawal14. Our observation that both nodularity and phlebosclerosis 
seemed reversible might explain the reversibility of the associated portal hypertension.
Based on the findings from our study, selected, usually hard to treat IBD population, TG may 
be regarded as a potential rescue treatment. Although this specific IBD population and the 
use of TG carries a risk of (mild) liver toxicity, this toxicity appears to be reversible. To obtain 
further knowledge on pathophysiological aspects and risk factors of vascular liver toxicity during 
thiopurine treatment of IBD patients, ideally a head-to-head comparison of mercaptopurine or 
azathioprine versus TG, with or without biological agents, should be performed in thiopurine 
untreated patients. Such a study is very costly and not likely to be performed in the (near) future.
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Supplemental table 1. Numbers of patients with histopathological findings observed during TG treatment 
(n=22) and the direction of histopathological changes observed in the second biopsy.

Biopsy 1 Biopsy 2 Higher grade Lower grade Unaltered P*

Nodularity 4 (18%) 4 (18%) 3 (14%) 3 (14%) 16 (72%) 1.00
Phlebosclerosis 8 (36%) 15 (68%) 12 (55%) 4 (18%) 6 (27%) 0.09
Perisinusoidal fibrosis 20 (91%) 20 (91%) 4 (18%) 5 (23%) 13 (59%) 1.00
Sinusoidal dilatation 15 (68%) 15 (68%) 7 (32%) 5 (23%) 10 (45%) 1.00
Perivenular fibrosis 6 (27%) 9 (41%) 6 (27%) 3 (14%) 13 (59%) 0.510

*McNemar test was used to compare the presence of none versus any grade of histopathological characteristics 
between biopsy 1 and biopsy2.

Supplemental table 2. Histopathology (grade) during tioguanine treatment in patients with 3 or more biopsies.

Biopsy 1 Biopsy 2 Biopsy 3 Biopsy 4

Patient 1 Nodularity 0 0 0
Phlebosclerosis 0 1 0
Perisinusoidal fibrosis 2 2 0
Sinusoidal dilatation 1 1 0
Perivenular fibrosis 1 1 0

Patient 2 Nodularity 0 0 0
Phlebosclerosis 2 1 3
Perisinusoidal fibrosis 2 1 1
Sinusoidal dilatation 1 2 0
Perivenular fibrosis 0 0 1

Patient 3 Nodularity 0 0 0
Phlebosclerosis 0 1 2
Perisinusoidal fibrosis 0 2 0
Sinusoidal dilatation 0 0 0
Perivenular fibrosis 0 0 0

Patient 4 Nodularity 0 0 0
Phlebosclerosis 0 1 0
Perisinusoidal fibrosis 1 1 0
Sinusoidal dilatation 1 0 1
Perivenular fibrosis 0 1 0

Patient 5 Nodularity 0 0 1 1
Phlebosclerosis 0 0 1 1
Perisinusoidal fibrosis 1 1 1 1
Sinusoidal dilatation 1 1 0 0
Perivenular fibrosis 0 1 0 2
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