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Tacrolimus for steroid-resistant liver
rejection in children

Abstract Eighteen pediatric liver
transplant recipients were converted
from cyclosporine-based immunosuppression to tacrolimus for refractory rejection episodes affecting
21 grafts. Before conversion, steroid
boluses were applied to all episodes
followed by OKT3 monoclonal antibodies in 3 of them. Baseline biopsy showed cellular rejection in
18 patients and ductopenia in
3 cases. Thirteen episodes initiated
within the first 2 postoperative
weeks, and 8 occurred beyond the
21st day. A previous steroid-responsive episode of rejection was noted
in 4 patients. Tacrolimus was administered by the oral route to obtain trough blood levels in the range

6-15 ng/ml. Reversal of rejection
was obtained in 15 patients (71.4%).
Complete normalization of liver
function tests was achieved in 10 out
of 12 patients who were followed for
more than 6 months. A refractory
evolution affected 6 patients
(28.5'70 ). Significant factors predictive for tacrolimus-resistant rejection were identified as ductopenia
on baseline biopsy, previous episodes of acute rejection, late onset
rejection (beyond 21st posttransplant (day), and a longer time of
evolution of rejection prior to conversion.
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Introduction

Patients and methods

Refractory liver rejection has been reported in 2-10 %
of pediatric recipients under primary cyclosporinebased immunosuppression [8, 91. Chronic rejection was
proved through protocolized serial biopsies in 15% of
children surviving more than 2 months and most of
them evolve directly from early episodes of acute rejection [3]. Tacrolimus exerts a potent immunosuppressive
effect through the inhibition of cytokine production.
The relationship of adverse effects to blood concentrations and the availability of drug monitoring, together
with successful experiences dealing with children, encouraged the use of tacrolimus as a rescue therapy. The
aim of the present study was to assess the efficacy of
tacrolimus as a therapy for steroid-resistant rejection
and to identify the factors predictive for response.

In the period in which tacrolimus has been available for rejection
rescue therapy, from 1992 to December 1996. 135 pediatric orthotopic liver transplantation (OLT) procedures were performed at
our center. A cyclosporine-based primary immunosuppression
was applied in all cases. It consisted of steroids, cyclosporine, and
azathioprine during the first I5 days, followed by prednisolone
plus cyclosporine. The lowest steroid dose was sought, but withdrawal was not attempted. A liver biopsy was routinely performed
to determine the cause of graft dysfunction episodes. Diagnosis of
rejection was based on histopathological findings. Sixty-two episodes of rejection occurred in SO grafts, 39 YOof them ( n = 24) did
not resolve after steroid boluses. The study on the efficacy of tacrolimus was centered on 21 cases where tacrolimus was used for a
minimum period of 11days.
The subjects of the study were 18 children aged from 6 months
to 15 years (mean 4 years). The original indication for OLT was
biliary atresia ( n = 7). acute liver failure ( n = 3), progressive familiar intrahepatic cholestasis ( n = 3), a-1-antitrypsin deficiency
( n = 3). type 1 tyrosinemia ( n = 3 ) . and Alagille's syndrome
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( n = I ) . They were converted t o tacrolimus for treatment o f steroicl-resistant rejection which occurred in 21 different grafts. Three
episodes had also been refractory t o OKT3 monoclonal antibodies.
Eleven were whole livers and 10 were reduced-size grafts and there
was 1 case o f an A B O major or minor donor-recipient incompatibility in each group. The graft came from a retransplantation procedure in 1 I patients, it was the second liver in 7 patients. the third
in 3 patients. and the fourth in one patient. Chronic rejection had
been the indication for regrafting in 3 patients.
Rcjection initiated at a mean postOLT time of 26 (* 7) days.
Thirteen cases started within the first 2 weeks (4-14 postOLT
days). Onset of late episodes ranged from 30 t o 120postOLT
days. In 81 YO ( n = 17) rejection appeared for the first time. Four
cases were recurrent episodes of rejection usually soon after an apparently steroid-responsive episode. When rejection began. liver
biopsies showed signs of acute cellular rejection in 20 cases (mild
in 10. inoderate in 8. and intense in 2) with half of them showing regenerative signs of bile duct epithelium. One patient showed mild
inflammatory portal infiltrate, fibrosis, and paucity of interlobular
bile ducts. Eight patients underwent a second biopsy after the initial therapeutic approach. Among those, ductopenia was evident
in two additional patients. Baseline liver function tests when tacrolimus therapy bcgan were (mean k SD) ALT: 386 k 269 U/l (range
18-9 13), total bilirubin: 10.4 k 7.3 mgidl (range I .4-27.5). and
GGT: 644 k 369 Uil (range 99-1368).
Tacrolimus was initiated on average 9.3 days (range 2-90) after
the onset of the rejection episode. Starting at 0.15 mgikg per 12 h,
it was always given by the oral route. Dosage was modified when
necessary to obtain trough whole blood levels ranging from 6 to
IS ngiinl (MEIA, Abbott Diagnostics or ELISA, Incstar). Response t o therapy was defined if normal or near normal graft function was achieved during the follow up. In the case of a superimposed cause of graft dysfunction, a liver biopsy with an absence of
signs of acute or chronic rejection was assigned as response. Liver
retransplantation was indicated immediately in ongoing or progressive severe cholestasis, whether as the main dysfunction or associated with liver failure. A period o f 4-6 months of follow up under tacrolimus was attempted in the case of ongoing inoderate cholestasis. Wilcoxon and chi-squared tests were applied for a statistical analysis o f factors predictive for response.

Results

Four children died, one during retransplantation for
chronic rejection, one from systemic lymphoma, and
two due to multiorgan failure after retransplantation
(one for hepatic artery thrombosis and one for hepatic
vein thrombosis).
Efficacy of tacroliinus
A refractory outcome of rejection was observed in 6 patients (28.5 %) while 15 (71.4%) showed a full recovery.
The worsening of liver function led to retransplantation
in 5 patients who had been under tacrolimus therapy for
15 days, 16 days, 1 month, 2 months, and 4 months, respectively. The pathology of the explanted livers reported ductopenia plus arteriopathy in two cases and ductopenic chronic rejection in three cases, two of them with

signs of a recently superimposed portal vein thrombosis.
ReOLTwas indicated, but not yet performed, in another
patient due to cholestasis unresponsive to 5 months of
therapy; intrahepatic cholestasis followed by moderate
ductopenia was observed in successive biopsies 1 and
5 months after tacrolimus conversion.
Fifteen patients had a satisfactory recovery from rejection. Twelve patients achieved normal or near normal graft function. Cure of rejection was ascertained
through histological studies (explanted liver or autopsy) in the other 3patients who maintained graft dysfunction or had recurrent disturbances due to other
causes (CMV hepatitis, hepatic artery thrombosis, and
hepatic vein thrombosis). One month of follow up was
available in all responders. At that time, total bilirubin
had fallen to normal values in 9patients and values
were over 5 mgldl in only 1 patient affected by hepatic
artery thrombosis. At the 6th month follow up, bilirubin was normal in all 12 patients and ALT had become
normal in 6 patients. Four out of the 6 patients displaying high ALT at this point underwent biopsies that
showed scattered foci of centrolobular necrosis or
mild portal fibrosis. Only 2 patients maintained ALT
disturbances in further follow ups. Successive episodes
of rejection under tacrolimus therapy were not observed.
Factors predictive for response
The grade of baseline graft dysfunction measured as total bilirubin and ALT values when tacrolimus was initiated did not predict the outcome, although there was a
trend toward higher ALT values in the group of non-responders. The length of time elapsed since the onset of
rejection until tacrolimus was initiated was significantly
longer in non-responders. Episodes of rejection that
consisted of a recurrence and those occurring after the
3rd postOLTweek had a significant risk of being tacrolimus resistant. All 3 patients who showed ductopenia in
baseline biopsy did not respond (Table 1).

Discussion

The incidence of graft failure due to rejection has been
6.6% in our recent series when tacrolimus has been
available for rescue therapy. This includes two patients
who were withdrawn from tacrolimus therapy due to
grand ma1 seizures some days after conversion, and one
patient who was diagnosed at retransplantation and
never received tacroliinus. During t h e initial period of
study, three children were previously treated with
monoclonal antibodies causing a delay in tacrolimus
therapy that in the light of our results could determine
the outcome.
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Table 1 Factors predictive for
response t o tacrolimus (OLT
orthotopic liver transplant)

Responders
= IS)

Non-responders
(n = 6 )

P value

15 (100%)

2 (33 Y")
4 (66%)

< 0.01

0
3 (20 Y")

5 (83%)

0.02

6 (2-17)

27 (6-90)

< 0.01

0
8.2 i 6.6
316 f 283

3 (50%)

0.02

11.8 5.2
528 f 215

11. s.
0.07

(n
First rejection episode
Recurrent episodes
Onset of rejection beyond 21st postOLT day
Evolution of rejection until conversion.
mean and range (days)
Ductopenia
Baseline total bilirubin (mgidl)
ALT (Uil)

Attending the baseline histological picture, conversion to tacrolimus achieved full response in 83 YO of the
acute and in none of the chronic rejection episodes in
the present series. Absence of response in the presence
of ductopenia was reported by Reding et al. [7], while
acute rejection was rescued in 69% in those series, of
which most patients had been previously treated with
poly- or monoclonal antibodies without success. On the
contrary, complete reversal of dysfunction was obtained
in 25-73 % of children showing vanishing bile duct syndrome according to other reports [2, 51. Efficacy
reached ill1 children affected by acute rejection in these
series.
Indications for retransplantation have to be analyzed
carefully in tacrolimus-converted patients in order to
avoid unnecessary deterioration. In our experience,
baseline liver function tests did not predict outcome,

*

but responders were normalized or showed bilirubin
levels below 5 mg/dl within the 1st month of therapy.
Predictive factors for response would also be of help, although more studies are necessary.
Tacrolimus rescue therapy has been associated with
an increased risk of lymphoproliferative disorders
(PTLD), reaching 28.3% in those who received both
OKT3 and tacrolimus [6]. A rate of 18.9 YOwas reported
after tacrolimus conversion in young children [ 11. Series
of children receiving tacrolimus as primary immunosuppression are affected to a lesser extent [4]. In our experience, PTLD developed in one patient (5.5 %), a low figure compared to the experience of other authors, probably in relation to the avoidance of OKT3 therapy prior
to tacrolimus.
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