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Abstract

Inflammatory bowel disease (IBD) is associated with primary sclerosing cholangitis (PSC) and autoimmune 
hepatitis (AIH) and can recur or develop de novo after liver transplantation (OLT).  The aim of this study 
was to investigate the incidence and severity of inflammatory bowel disease after liver transplantation and 
to perform a multivariate analysis for possible risk factors. In this retrospective study, ninety-one patients 
transplanted for PSC or AIH, without prior colectomy, were included. Sixty patients were transplanted for 
PSC, 31 for AIH. Inflammatory bowel disease activity before and after OLT and other possible risk factors were 
analyzed in a multivariate model. Forty-nine patients (54%) had IBD before OLT. Forty patients (44%) had 
active IBD after transplantation: recurrence in 32 and de novo in 8. Cumulative risk for IBD after OLT was 15, 
39 and 54 % after 1, 5 and 10 years, respectively. In 59% of patients with IBD prior to OLT the disease was more 
active after transplantation. Risk factors for recurrent disease were: symptoms at time of OLT, short interval 
of IBD before OLT and use of tacrolimus. 5-aminosalicylates were protective. A cytomegalovirus positive do-
nor/negative recipient combination increased the risk for de novo IBD. 

Introduction

Inflammatory bowel disease (IBD) is a chronic disease of the digestive tract, thought to result 
from inappropriate and ongoing activation of the mucosal immune system 1. Inflammatory 
bowel disease is usually divided into two distinct entities: ulcerative colitis (UC) and Crohn’s 
disease (CD)1. The mainstay of pharmacologic treatment for inflammatory bowel disease are 
the 5-aminosalicylate compounds and corticosteroids. Increasingly however, immunomodu-
latory drugs such as azathioprine, methotrexate, infliximab and cyclosporine are used to 
induce and maintain remission in IBD.

Primary sclerosing cholangitis (PSC) is a chronic cholestatic disease of unknown possibly 
autoimmune etiology characterized by inflammation and fibrosis of the intrahepatic and 
extrahepatic bile ducts 2. Autoimmune hepatitis (AIH) is a predominantly periportal hepatitis, 
usually with hypergammaglobulinemia and tissue autoantibodies, which generally responds 
to immunosuppressive therapy 3. Both PSC and AIH are associated with an increased preva-
lence of inflammatory bowel disease (with PSC 55-75%), with mild but extensive colitis being 
the most common presentation 4. The prevalence in AIH is much lower 5.

End-stage liver disease in patients with AIH or PSC is an accepted indication for orthotopic 
liver transplantation (OLT) 6;7.  Exacerbation of preexistent IBD as well as the development of 
de novo disease have been described after transplantation despite the use of immunosup-
pressive drugs 8-12. Recently, we reported two observations concerning possible factors as-
sociated with IBD after liver transplantation. In the first study, tacrolimus was a risk factor for 
IBD, and azathioprine had a protective effect 10. The role of the type of calcineurin inhibitor 
was confounded, since patients using cyclosporine were also using azathioprine and patients 
using tacrolimus were not. The second report describes a possible role for post-transplant 
cytomegalovirus (CMV)-infection in IBD pathogenesis 13. In patients without pre-transplant 
IBD, CMV-infection increased the risk of de novo disease. The aim of the present work is to 
study inflammatory bowel disease in a large group of patients transplanted for PSC or AIH, 
and to perform a multivariate analysis of possible risk factors for recurrent and de novo 
disease. Since this present center is different than the one in which the previous studies were 
performed in that dual-regimen immunosuppression (calcineurin-inhibitor and prednisone) 
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is used, the role of calcineurin inhibitor (tacrolimus versus cyclosporine) could be evaluated 
without the confounding effect of azathioprine.

Patients and methods

All 870 adult patients that received a liver transplant at the University of Nebraska Medical 
Center (UNMC) between January 1, 1994 and August 1, 2004 were retrospectively evalu-
ated, 164 were transplanted for PSC or AIH. Patients with a combined liver/small bowel 
transplant and patient not surviving beyond the first year after transplantation were excluded. 
Also patients that underwent a colectomy prior to liver transplantation were excluded, leaving 
91 patients for inclusion in the study. By review of the hospital records, data were collected 
concerning age at transplantation, gender, smoking history, family history of IBD and date of 
death. In patients transplanted for AIH, the use of immunosuppressive drugs at the time of 
transplantation was noted.

IBD before OLT 
At the UNMC all patients with PSC undergo screening for IBD, dysplasia or carcinoma before 
transplantation. In patients with AIH colonoscopy is only performed if the patient is sympto-
matic. Data were collected on the following variables: presence of pre-transplant IBD, type 
of IBD, time of diagnosis, extent of the disease, presence of ulcerations during endoscopy, 
maximum activity of IBD at any time before transplantation as judged by which treatment was 
necessary to induce and maintain remission, need for surgery, activity of IBD at the time of 
transplantation and medication for IBD at admission before transplantation.

IBD after OLT
IBD-therapy was frequently discontinued after OLT. Empiric therapy (mainly 5-aminosali-
cylates) was restarted postoperatively in some patients if the patient had IBD-related symp-
toms before transplantation. The diagnosis of IBD after transplantation was based on a 
combination of symptoms, endoscopy findings and histology. Other potential causes for 
gastrointestinal complaints were evaluated by stool-culture, Clostridium difficile toxin and 
CMV-pp65-antigenemia or polymerase chain reaction (PCR). After exclusion of infectious 
causes for gastrointestinal symptoms endoscopy and biopsy were performed. Biopsies were 
also histologically and immunohistochemically examined for CMV. For analysis we included 
the variables: empirical IBD-therapy after OLT, type of IBD, recurrence or de novo disease, 
time of diagnosis, clinical symptoms, diagnostic procedures, prednisone dose at presenta-
tion, extent of disease, therapy, and response to therapy.

Immunosuppressive regimen after OLT
Immunosuppressive protocols were dual-regimen therapy with prednisone and either cy-
closporine or tacrolimus. Generally, no induction therapy was used, unless severe renal 
impairment occurred in the early post-transplant period. Steroid dose was tapered from 
200mg of prednisone per day on post-operative day (POD) 1 to 20mg per day on POD 5 
and further tapered over the first year to 5 mg per day. Generally, patients transplanted for 
PSC or AIH remained on this dose long term. Cyclosporine was started at POD 1 at a dose 
of 5mg/kg two times per day with trough levels of 250-350 ng/ml initially. Alternatively, 
tacrolimus was started at POD1 at a dose of 0.1mg/kg two times per day with trough levels 
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of 8-12 ng/ml. In some cases, additional drugs (rapamycine, azathioprine, mycofenolate 
mofetil) were added depending on the clinical context, i.e. ongoing rejection, severe renal 
dysfunction or diabetes.

Data were collected on the immunosuppression used at discharge, one year after trans-
plantation and at the time of presentation of post-transplant IBD if present. For the analysis 
of immunosuppression, the regimen used at the time of presentation of IBD was used. In 
patients that did not develop IBD, the regimen used at one year after transplantation was 
used. 

Cytomegalovirus after OLT
Patients are screened for the presence of anti-CMV-IgG and IgM at their initial evaluation. 
Patients who were seronegative for CMV and transplanted with an organ from a seropositive 
donor receive intravenous ganciclovir for 14 days, followed by 10 weeks of oral acyclovir 
or valganciclovir. All other patients receive viral prophylaxis with oral acyclovir for the first 
three months after transplantation. If viral infection is suspected, patients are tested with a 
CMV-pp65-antigenemia or PCR. Since patients were not routinely screened for CMV-infec-
tion, only serology of donor and recipient, symptomatic infection and timing of infection after 
transplantation were noted.

Statistical Analysis
Data were analyzed using the statistical package SPSS 12.0. For multivariate analysis the sta-
tistical package PC SAS 9.1 was used. Survival analysis was performed using Cox regression 
modeling. To investigate the influence of the possible risk factors mentioned above, every 
variable was considered in a univariate Cox-proportional hazards model. Predictors that 
achieved a p-value <0.20 were entered in a multivariate Cox proportional hazard model, 
and stepwise forward and backward selection procedures were performed. A two-tailed p-
value < 0.05 was considered to indicate statistical significance. The analysis was performed 
for all patients, and for the subgroups with and without pre-transplant IBD.

Ethical considerations
The current study was reviewed and approved by the UNMC Institutional Review Board.

Results

A total of 91 patients were studied, 50 males and 41 females. The median age at OLT was 
48 years (range 19-72) and median follow up was 6.1 years (range 1.0 - 11.6). 

Patient characteristics
Pre-transplant characteristics are summarized in table 1. The majority of patients were trans-
planted because of PSC.  Of the 31 patients transplanted for AIH, most were on immu-
nosuppressive drugs at the time of transplantation: prednisone (n = 7), azathioprine (n = 
2), prednisone and azathioprine (n = 11). At the end of follow-up, 14 patients had died.  
Causes of death include cardiovascular event (n = 1), malignancy (n = 4, including one 
patient with metastatic colon carcinoma), infections (n = 3), and six others. In eight patients 
a colectomy was performed after transplantation for reasons other than IBD activity: in four 
patients for adenocarcinoma of the colon, in one patient for colonic B-cell lymphoma, and 
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in three patients for dysplasia found at screening colonoscopy. Five patients underwent a 
colectomy for intractable IBD (see below).

IBD before OLT
A total of 49 patients (54%) were diagnosed with IBD before OLT, 45 of the 60 PSC-patients 
(75%), and 4 of the 31 AIH patients (13%). In 44 of the 49 patients (90%), the diagnosis 
was ulcerative colitis, 4 patients (8%) suffered from Crohn’s disease, and in one patient the 
diagnosis was indeterminate colitis. The median time between diagnosis of IBD and OLT 
was 7.7 years (range: 0.1 - 44.5 yrs). In all patients IBD was diagnosed by endoscopy and 
in 88% of patients the diagnosis was confirmed histologically. In the patients with ulcera-
tive colitis a pancolitis was present in 21 cases (48%). In 9 patients (20%) the extent of the 
disease could not be retrieved. Ulcerations were seen on pre-transplant endoscopy in only 
3 patients (6%). The maximum therapy before transplantation that had to be given to induce 
and remain remission was monotherapy with 5-aminosalicylates in 22 patients (45%) or in 

Variable N (%)

Total number of patients
Liver disease

PSC
AIH

IBD before transplantation
Ulcerative colitis

Pancolitis
Left colitis
Right colitis
Proctitis
Unknown

Crohn’s disease
Ileocolic
Colic

Indeterminate

Activity of IBD at time of transplantation
Stable, no complaints
Stable, little complaints
Active

Medication for IBD at time of OLT
None
5-Aminosalicylates
Prednisone
Azathioprine

91

60 (66)
31 (34)

49 (54) 
44 (48)

21
11
2
1
9

4 (4)
3
1

1 (1)

35 (71)
12 (25)

2 (4)

15 (31)
29 (59)

3 (6)
2 (4)

Pretransplant characteristics. IBD: inflammatory bowel disease; PSC: primary sclerosing cholangitis; AIH: autoimmune 
hepatitis

Table 1: Pretransplant characteristcs
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combination with prednisone in 14 patients (29%). Two patients were previously treated with 
prednisone/azathioprine and 5-aminosalicylates, 3 patients with only prednisone. In eight 
patients the disease had such a mild course or was totally asymptomatic so that no medical 
therapy had to be given. None of the patients had undergone previous surgery for IBD.  At 
the time of transplantation the majority of patients with IBD were either totally asymptomatic 
(35 cases, 71%) or had only sporadic complaints (12 cases, 25%). Only two patients had ac-
tive complaints of IBD at the time of transplantation.  As could be expected from the above, 
most patients were not using extensive IBD therapy at the time of transplantation: 15 patients 
(31%) did not use any medication, 29 patients (59%) were on daily 5-aminosalicylates.

Variable N (%)

Total number of patients with IBD after OLT
    Exacerbation of pre-existent  disease
                    Ulcerative colitis
                    Crohn’s disease
                    Indeterminate Colitis
                    Previous CD, postOLT ulcerative colitis
    De Novo disease
                    Ulcerative colitis
                    Indeterminate colitis

Median time from OLT to IBD in years (range)

Dominant presenting symptom
      Frequent stools
      Bloody stools
      Abdominal pain

Therapy started for IBD after OLT
    None
    5-Aminosalicylates
    5-Aminosalicylates and prednisone
    Prednisone
    Azathioprine
    Prednisone/5-aminosalicylates/azathioprine
    Medical therapy followed by surgery

Effect of therapy
     Complete remission on medication
     Partial remission on medication
     Intractable colitis, Colectomy

40 (44)
32 (35)

28
2
1
1

8 (9)
7
1

1.3 (0.1-8.6)

26 (65)
7 (18)
7 (18)

2
16
9
1
1
6
5

24 (60)
10 (25)
5 (15)

Inflammatory bowel disease after liver transplantation.
IBD: inflammatory bowel disease; OLT: orthotopic liver transplantation
CD: Crohn’s disease

Table 2: Inflammatory bowel disease after transplantation
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IBD after OLT
A total of 40 patients (44%) experienced IBD after their transplantation: recurrence of pre-
existent IBD in 32 patients, and de novo disease in eight patients. Cumulative risk for IBD 
(with standard error in parentheses one, three, five and ten years after liver transplantation 
was 15 (4), 30 (5), 39 (5) and 54 (7)%, respectively. Information on IBD after transplanta-
tion is shown in Table 2.  In the majority of patients the diagnosis of post-OLT IBD was 
endoscopically and histologically proven (90%). In one patient endoscopy was performed, 
but no biopsies taken. In 3 patients the diagnosis was not endoscopically proven. These 
patients, known with longstanding IBD, developed symptoms consistent with the symptoms of 
pre-transplant IBD, subsiding with the initiation of 5-aminosalicylates after exclusion of other 
possible causes for the abdominal complaints. 

Subgroup with pre-OLT IBD
Thirty-two of the 49 patients previously known with IBD (65%) had recurrence of IBD after 
transplantation. This gives a cumulative risk for recurrent IBD after one, three, five and ten 
years (standard error in parentheses) of 29 (7), 51 (7), 63 (7) and 72 (8) % respectively (see 
figure 1). The majority of post-transplant IBD consisted of recurrent ulcerative colitis (28 
patients). The time between OLT and recurrence was median 1.3 years (range 0.1-8.6 yrs.). 
Five of the 32 patients with recurrent disease (16%) developed IBD despite the empirical 
treatment with 5-aminosalicylates that was started directly after OLT. These patients were 
using either 2.4 g or 3.6 g per day of mesalamine. Therapy started for post-OLT IBD was 
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49           45    37          28          14                    5

42           38     32          19       9                5

Figure 1: Cumulative risk for recurrent and de novo inflammatory bowel disease 
after liver transplantation for primary sclerosing cholangitis and autoimmune hepatitis.
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initiation of mesalamine in 12 patients, increase in prednisone dose in one patient, increase 
in prednisone and initiation of 5-aminosalicylate in eight patients, initiation of azathioprine in 
one patient, and combined therapy with prednisone/5-aminosalicylate/azathioprine in four 
patients. One patient had mild symptoms, which subsided without specific therapy. In five of 
the 32 patients (16%) medical therapy could not resolve the colitis, and a total colectomy 
was performed.

Medical therapy led to complete remission in 17 patients (53%). Six other patients (19%) 
continue to have minor symptoms. In three patients UC remains active despite intensive 
medical treatment including infliximab infusions. These patients are possible candidates for 
surgery in the near future. When IBD-therapy before and after OLT were compared, 19 pa-
tients (59%) needed either an increase in medication or colectomy.

Subgroup without pre-OLT IBD 
Eight of the 42 patients without pre-transplant IBD developed IBD (19%). The cumulative risk 
for de novo-IBD (standard error in parentheses) after one, three, five and ten years was 0 (0), 
5 (3), 10 (5) and 30 (10)%, respectively (fig.1). In patients with de novo disease the diagnosis 
was made later than in the group with recurrent disease: after a median of 5.2 years (range 
1.1-7.1). Five of the eight patients (63%) with de novo disease were transplanted for AIH.  
One patient had very mild symptoms that subsided without specific therapy. In four patients 
aminosalicylates were started, in one patient 

5-aminosalicylates combined with an increase in prednisone dose. In two patients combi-
nation therapy with 5-aminosalicylates, increase in prednisone-dose and azathioprine was 

Table 3: Post-transplant characteristics

post-transplant characteristics
N (%)

All patients
N (%)

PreOLT IBD
N (%)

No PreOLT IBD

Immunosuppression one year after transplantation
     Prednisone / cyclosporine
     Prednisone / cyclosporine / 3rd drug
     Prednisone /  tacrolimus
     Prednisone / tacrolimus / 3rd drug
     Other

Cytomegalovirus: donor/recipient status
     Donor - / Recipient -
     Donor - / Recipient +     
     Donor + / Recipient -
     Donor + / Recipient +

Cytomegalovirus: symptomatic infection after OLT

Ursodeoxycholic acid use after OLT     

32 (35)
3 (3)

45 (50)
7 (8)
4 (4)

15 (17)
20 (22)
13 (14)
43 (47)

17 (19)

10 (11)

22 (45)
2 (4)

20 (41)
3 (6)
2 (4)

11(22)
8 (16)
7 (14)

23 (47)

11 (22)

6 (12)

10 (24)
1 (2)

25 (60)
4 (10)
1 (2)

4 (10)
12 (29)
6 (14)

20 (48)

6 (14)

4 (10)

Post-transplant characteristics. 
OLT: orthotopic liver transplantation; IBD: inflammatory bowel disease
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necessary. None of the patients needed surgery, and six of the eight (75%) achieved complete 
remission. Two others continued to have mild symptoms. 

Possible risk factors for IBD
Five patients were cigarette-smokers before transplantation, in one patient the smoking his-
tory was unknown and all others (85 patients, 93%) did not smoke. After transplantation, 
three of the 5 smokers continued their habit. Eight patients had a first-degree family member 
with known IBD. 

Immunosuppression
One year after transplantation, the majority of patients were using dual therapy with either 
prednisone / tacrolimus (45 patients, 50%) or prednisone / cyclosporine (32 patients, 35%) 
(table 3). Three patients (3%) were using a triple-regimen including cyclosporine, and 7 
patients (8%) a triple-regimen including tacrolimus and most commonly Rapamycin.  Aza-
thioprine was added as a third drug in only 3 patients. In nine of the 45 patients (20%) 
initially started on prednisone / cyclosporine, cyclosporine was switched to tacrolimus due 
to ongoing rejection. 

Cytomegalovirus 
The CMV-serologies of donor and recipient are summarized in table 3. Thirteen patients 
were at high risk for primary CMV-infection: they were seronegative and received an allograft 
from a seropositive donor. All these patients were treated with ganciclovir for 14 days postop-
eratively. Two patients received prophylaxis with either valganciclovir or ganciclovir for three 
months. In nine of these 13 a CMV-infection was formally diagnosed. In eight other patients 
a secondary CMV-infection developed. In all but one patient developing both CMV-infec-

Table 4: Risk factors for inflammatory bowel disease after liver transplantation for PSC or AIH in multivariate analysis

Variable Hazard ratio 95% CI p

All patients (N=91)
    IBD before OLT
    Use of tacrolimus

Patient with IBD before OLT (N=49)
    Symptoms at time of OLT
    Use of tacrolimus
    Years between diagnosis of IBD and OLT
    Empirical 5-aminosalicylate after OLT

Patients without IBD before OLT (N=42)
    CMV-mismatch

6.48
2.58

3.23
4.31
0.96
0.21

4.42

2.91-14.47
1.33-5.02

1.42-7.35
1.84-10.14
0.91-1.00
0.08-0.61

1.03-18.87

<0.001
0.005

0.005
0.001
0.004
0.035

0.045

Risk factors for inflammatory bowel disease after liver transplantation for PSC or AIH after multivariate analysis. 
CI: confidence interval; IBD: inflammatory bowel disease; OLT: orthotopic liver transplantation; CMV: cytomegalovirus
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tion as well as IBD after transplantation, the CMV-infection was diagnosed before the onset 
of symptoms of IBD (mean interval 19.6 months, range 0.3-62). One patient had recurrent 
IBD with negative CMV-studies on biopsy and antigenemia, and developed CMV-infection 
several months later.
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Figure 2: Influence of the type of calcineurin-inhibitor on the cumulative risk for recurrent inflammatory bowel disease (A.) 
and de novo inflammatory bowel disease (B). Influence of cytomegalovirus mismatch on the cumulative risk for recurrent 
inflammatory bowel disease (C.) and de novo inflammatory bowel disease (D). 
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Multivariate analysis of risk factors

All patients
After multivariate analysis only the presence of IBD before OLT and the use of tacrolimus 
were significant risk factors (see table 4).  

Subgroup with preOLT IBD
When the subgroup of 49 patients with pre-OLT IBD was studied in a multivariate model, 
symptoms of IBD at time of transplantation and the use of tacrolimus significantly increased 
the risk of IBD (see table 4). The empirical initiation of an 5-aminosalicylate and a longer 
interval between the diagnosis of IBD and OLT significantly decreased the risk. 

Subgroup without preOLT IBD
In the 42 patients without preOLT IBD, only a CMV-mismatch (seropositive donor, seronega-
tive recipient) was a statistically significant risk factor (see table 4). Although the difference 
between calcineurin-inhibitors achieved statistical significance only in the group of patients 
with preexistent IBD, there was a similar trend in patients without pre-existent IBD (fig.2). 

Discussion 

Inflammatory bowel disease has been described to occur both as recurrence of previously 
known disease and as de novo disease in patients after transplantation of the liver 8;10;11, kid-
ney 12 or heart 14. The concept of ongoing or even newly developing UC or CD in the context 
of constant use of drugs that are considered effective in IBD is puzzling. This is especially true, 
considering that the majority of patients transplanted for PSC have only mild colitis 4. Another 
remarkable feature of post-transplant IBD is the reported great diversity of risk for recurrence, 
and severity of recurrent disease. In previous studies, improvement of IBD symptoms after 
transplantation was reported in 0-82% of patients, and worsening of symptoms in 0-50% 
10;11;15;16. The reported percentage of patients developing de novo disease ranges from 8-
25% 11;16. However, most of the previously reported studies have small patient numbers and 
differ markedly concerning their inclusion and exclusion criteria, methods of diagnosis of 
recurrence, statistical analysis and duration of follow-up. 

In the present work, we found a high rate of recurrence and de novo IBD, with a cumulative 
risk after 10 years of 72 and 30%, respectively. Also, in those patients that have recurrence of 
IBD the disease runs a more active course compared to pre-transplantation despite ongoing 
treatment with prednisone in all but three patients. 

Although it is known that steroids have no proven benefit in maintenance of remission in 
either UC or CD (1), others suggest a role for prednisone tapering in the development of IBD 
after transplantation 11;12. The latter could not be confirmed by our study. 

Patients in whom a 5-aminosalicylate was started directly after OLT before the onset of any 
symptoms had a reduced risk of recurrence of IBD. The 5-aminosalicylates have a therapeu-
tic gain compared to placebo of approximately 30%, making them effective in maintenance 
therapy for UC 17. It appears that these drugs are similarly effective in the context of IBD-
patients undergoing a liver transplantation. 

The duration and activity of IBD at the time of transplantation as risk factors for recurrence 
make sense. Previous studies have shown that ulcerative colitis in patients with PSC tends 
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to run its most active course the first 1-3 years after the diagnosis is made 18;19. Therefore, 
having IBD for a short period of time puts a patient at higher risk for a flare-up. However, 
considering the weak hazard ratio found in this study, the clinical significance of this factor 
is uncertain.  

A highly interesting finding in the present work is that the use of tacrolimus is an indepen-
dent risk factor for IBD after OLT, especially in patients with preexisting IBD. Haagsma et al. 
10 previously described a similar association in a different cohort of patients. They found a 
cumulative risk for IBD after five years of 11% in a group using prednisone/cyclosporine/
azathioprine, versus 42% in a group using prednisone/tacrolimus. This is similar to the risk 
of 41% after 5 years for patients using prednisone / tacrolimus found in this study. Although 
cyclosporine, and possibly tacrolimus, have been effective in inducing remission in patients 
with steroid-resistant UC 20-23, these drugs are not effective in maintaining remission long 
term 24;25. Contrary to cyclosporine and tacrolimus, azathioprine is an effective and accepted 
therapy in preventing relapses of CD and UC 20;26-28. 

In this series we found an increase in IBD-activity and increased medications required to 
induce and maintain remission in patients with mostly quiescent disease before transplanta-
tion. This was surprising given the course of UC in patients with PSC without transplantation, 
which is generally quiescent after the first 1 to 3 years 18;19.

Thus, the current study further suggests that calcineurin-inhibitors are not only ineffective 
at preventing relapse, but may contribute to increased IBD activity when used long term. 
Possible explanations for aggravation of IBD may lie in their mechanism of action, since 
calcineurin-inhibitors appear to reduce the IL-2 dependent generation of regulatory T-cells 
29-31. Regulatory T-cells are increasingly recognized as being crucial for immunological ho-
meostasis in the intestine 32-34. Also, activation-induced cell death of T-cells (AICD) is down-
regulated by calcineurin-inhibitors, making T-cells more resistant to apoptosis 35-37. AICD and 
T-cell apoptosis are important factors in IBD pathogenesis 38;39. If regulatory T-cells and AICD 
are indeed important in pathogenesis of IBD after OLT, the increased risk of IBD in patients 
using tacrolimus could well be explained by the fact that tacrolimus is a stronger calcineurin-
inhibitor than cyclosporine. Interestingly, Neuberger et al similarly described an increased 
risk for recurrence of primary biliary cirrhosis (PBC) in patients using tacrolimus versus those 
using cyclosporine 40 although this work has not yet been confirmed by others.  

Another possible explanation for the influence of tacrolimus on IBD is the increased intes-
tinal permeability that accompanies its use in liver transplant recipients 41. This will increase 
the exposure of luminal antigens to the mucosal immune system.

A CMV-mismatch was the only risk factor identified in this study for de novo disease con-
firming a previous report from the Netherlands 13. The previous report included all patients 
with a positive CMV-antigenemia, but was limited by lack of a multivariate analysis.  In the 
present study routine screening for CMV was not performed so a CMV mismatch (donor posi-
tive and recipient negative) was used as a surrogate variable, since most of these patients 
will develop a CMV-infection in their post-transplant course. A possible explanation for the 
increased risk seen in CMV-mismatched patients can be the increase in intestinal permeabil-
ity that accompanies CMV-infection in transplant patients 42, increased expression of vascular 
cell adhesion molecule 1 (VCAM-1) (43), up-regulation of major histocompatibility complex 
1 (MHC-1) 44 and increased mucosal interleukin-6 (IL-6) production 45. It is unclear why the 
influence of CMV-serostatus is only seen in de novo IBD, and not in recurrent IBD.

This study has several potential implications for immunosuppressive management and fur-
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ther investigation. Firstly, considering the present data and our previous work on IBD after 
OLT 10, it appears that the risk of recurrence is the highest in patients using tacrolimus and 
prednisone, lower in patients using cyclosporine and prednisone, and the lowest in patients 
using triple-therapy with cyclosporine, azathioprine and prednisone. Thus, one might con-
sider the use of the latter regimen in patients with known IBD, especially if the disease is 
diagnosed more recently or symptomatic at the time of transplantation. A prospective study 
comparing this triple regimen with others such as azathioprine/tacrolimus or rapamycin con-
taining regimens would be useful.  The potentially decreased risk of (chronic) rejection of the 
allograft on tacrolimus regimens should also be considered, especially since this risk appears 
to be relatively high in patients transplanted for PSC or AIH 46. In this series, empiric use of 
a 5-aminosalicylate shortly after OLT before the onset of any symptoms appeared effective 
in prevention.  The present study also supports the observation that calcineurin-inhibitors are 
not very effective in maintaining remission in patients suffering from IBD.

In conclusion, we found a high rate of recurrence and de novo inflammatory bowel dis-
ease after liver transplantation for PSC and AIH when an immunosuppressive regimen with 
a calcineurin-inhibitor and prednisone is used. Risk factors identified for recurrence of IBD 
include use of tacrolimus, symptomatic IBD at time of transplantation, and a short time in-
terval between diagnosis and transplantation. Initiation of a 5-aminosalicylate shortly after 
transplantation reduces the risk for recurrence. A CMV seronegative recipient receiving an 
allograft from a seropositive donor is at increased risk for the development of de novo IBD; 
no protective factors were identified.  
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