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ORIGINAL ARTICLE

Conversion to tacrolimus after liver

transplantation

Abstract We have reviewed our
experience with conversion to ta-
crolimus after 435 liver transplanta-
tions. Tacrolimus was administered
as a rescue agent in 33 patients until
October 1993. Indications for rescue
therapy were: cholestatic forms of
severe, steroid-resistant cellular re-
jection (n = 8), OKT3-resistant cel-
lular rejections (n = 6), cellular re-
jections in patients suffering from
cyclosporin malabsorption (n = 4),
late onset cellular rejections (n = 4),
early chronic rejections (n = 3), and
chronic vascular or ductopenic re-
jections (n = 8). Response was evi-
dent in 29 of the 33 patients (88 %),
whereas 4 patients (12 %) were
nonresponsive. Patient and graft
survival were 76 % and 70 %, re-
spectively. Graft loss with or without
patient death occurred in three of
eight patients suffering from severe,
steroid-resistant cellular rejection,
in two of six patients with OKT3-re-
sistant cellular rejections, and in five
of eight patients undergoing chronic
rejection. In severe steroid-resistant
cellular rejection, successful tacroli-

mus rescue therapy corresponded to
a significantly lower total serum bi-
lirubin than unsuccessful therapy
(12.0+£ 5.6 mg% vs 29.7 £ 5.9 mg%,
P < 0.05). We conclude that tacroli-
mus rescue therapy is a safe and ef-
ficient alternative for high-risk cases
that do not respond to conservative
treatment. In severe, steroid-resis-
tant cellular rejection and in chronic
ductopenic rejection, conversion to
tacrolimus is beneficial only in a
limited number of cases. A predic-
tive parameter, which total serum
bilirubin may prove to be in severe,
steroid-resistant cellular rejection, is
needed to select those cases that
might benefit more from retrans-
plantation than from conversion to
tacrolimus.
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Introduction

In liver transplantation, rejection rates of 40 %, along
with 1-year survival rates of 90 %, are approached by
programs employing synergistic quadruple regimens in
which triple protocols are supplemented by antithy-
mocyte globulin (ATG) [1, 11] or monoclonal anti-inter-
leukin 2 receptor antibodies (anti-IL2R) [20, 23]. How-

ever, rejection continues to be one of the most common
causes of graft loss, and an increased susceptibility to in-
fection remains a frequent sequela of antirejection ther-
apy. The most widely used agent in steroid-resistant re-
jection thus far has been OKT3, a monoclonal antibody
that blocks the cytotoxicity-mediating CD3 determinant
of the T-cell receptor. Though effective at reversing
even late onset steroid-resistant rejection episodes [3,
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27], its application is limited by an occasionally dramatic
first-dose reaction, as well as by an increased incidence
of serious opportunistic infections and lymphoprolifera-
tive disorders [25, 32, 34].

The naturally occurring macrolide tacrolimus was in-
troduced in clinical immunosuppressive trials after solid
organ transplantation by the Pittsburgh group, which
has since elucidated its role as a rescue agent in cases
of otherwise intractable rejection [33]. Conversion to ta-
crolimus appeared all the more tempting as its inherent
risks, particularly nephrotoxicity and neurotoxicity,
were mostly reversible and could be significantly re-
duced by oral instead of intravenous administration [7,
31]. The marked ability of tacrolimus to reverse ongoing
rejection, despite evidence of ductopenic changes, was
most pronounced when patients were converted during
an early stage [8]. In fact, response rates of 60 %-70 %
have been reported, while other reviews seem to indi-
cate that only a subgroup of patients with clinically man-
ifest chromnic ductopenic rejection permanently benefit
from it [13, 15, 36]. These data are also reflected in pedi-
atric liver transplantation [S, 24]. Parameters predicting
outcome after a switch to tacrolimus are not available,
although evidence is emerging that excessive serum bi-
lirubin levels might be predictive of nonresponse [4, 35].

In this report, we describe the outcome of 33 liver
transplant recipients with different indications who
were switched from cyclosporin (CyA)-based immuno-
suppressive regimens to tacrolimus rescue therapy.

Materials and methods

Patient selection

From September 1988 to October 1993, 435 liver transplantations
were performed in 401 patients at our institution. In 322 transplan-
tations, immunosuppression consisted of CyA-based immunosup-
pressive regimens. As part of different trials, a total of 113 patients
received tacrolimus in order to evaluate its properties as a primary
immunosuppressive agent. Between May 1990, when it first became
available to our center, and October 1993, tacrolimus was adminis-
tered as a rescue agent to 33 patients. Conversion from CyA-based
immunosuppressive regimens to tacrolimus was implemented after
informed consent had been obtained. The course of the patients
was followed in the clinic during the first 4 weeks post-transplanta-
tion, or on a routine, clinical and outpatient basis later on.

Liver transplantation

Grafts were preserved almost exclusively in Belzer’s University of
Wisconsin solution. In two cases each, Euro-Collins and Bret-
schneider’s HTK solutions were used. The surgical procedure was
performed using a standardized technique comprising a veno-
venous bypass and completion of all four vascular anastomoses
prior to reperfusion. In all but 38 cases, which required a biliodiges-
tive anastomosis due to the underlying disease, the biliary recon-
struction was performed as a side-to-side choledocho-choledocho-
stomy [21].

Primary immunosuppression

Primary immunosuppressive protocols consisted either of conven-
tional triple therapy, of our standard quadruple drug induction reg-
imen entailing an antithymocyte globulin preparation (ATG; Fre-
senius, Bad Homburg, Germany) [28], or of another sequential
quadruple drug protocol using a monoclonal anti-interleukin-2 re-
ceptor antibody (BT563; Biotest, Dreieich, Germany) [20].

Except for ATG or BT563 treatment, an almost identical im-
munosuppressive regimen was applied, irrespective of the primary
protocol group. CyA was started after surgery in a parenteral dose
of 1-2 mg/kg body weight (BW) twice a day. If the clinical course
and protocol cholangiography on post-transplant day 5 allowed
capping the T-tube drainage, CyA was switched to an oral intake
of 5 mg/kg BW twice a day. Subsequent dosing was adjusted ac-
cording to whole blood levels, aiming at between 600 and 900 ng/
m]), as measured by a polyclonal FPIA (TDX assay, Abbott). Meth-
ylprednisolone was given prior to reperfusion and directly after
transplantation in a dose of 500 mg i.v. each time. Prednisolone
was begun in a single oral dose of 1 mg/kg BW, tapered to 20 mg/
day for the 1st month. Azathioprine was started as parenteral ad-
ministration of 25 mg/day until 1 week after transplantation; on
post-transplant day 7 the dosage was increased to 1-2 mg/kg BW
orally. Intake was reduced or interrupted according to peripheral
white blood counts.

ATG was started intra- or postoperatively in a dose of 5 mg/kg
BW per day and given for 7 days in a continuous infusion for 6 h.
BT563 was administered i.v. for 12 days in a daily dose of 10 mg.

Rejection episodes

Rejection was suggested by a deterioration in liver function (chan-
ges in total bilirubin, aspartate aminotransferase (AST), alanine
aminotransferase (ALT), alkaline phosphatase (AP), or y-gluta-
myl transferase (y-GT) concentrations) or by the appearance of
clinical signs (fever, jaundice, pruritus, ascites, or a scant produc-
tion of light bile). Whenever rejection was suspected, a liver biopsy
was obtained for confirmation of the diagnosis [18]. Doppler ultra-
sound was performed, if indicated, to rule out hepatic artery or
portal vein thrombosis. If suspicion of a vascular complication pre-
vailed, diagnosis had to be confirmed by angiography. Bile leakage
or biliary obstruction was excluded by cholangiography. Screening
for infectious disorders entailed the collection of routine speci-
mens for culture and microscopy, quantification of fungal and viral
titers in blood, direct immunofluorescence for Legionella in blood
and urine, and the search for cytomegalovirus (CMV) antigen in
blood by the polymerase chain reaction (PCR) [29].

Core liver biopsies were obtained on post-transplant-day 7 or
when rejection was suspected. The histopathological grading of
acute or cellular rejections was classified as listed below [14, 20]:
Mild (grade I): mild periportal mononuclear infiltrate with mini-
mal endothelialitis and focal duct damage involving less than
50 % of the bile ducts
Moderate (grade II): moderate periportal mononuclear infiltrate
extending beyond portal field confines, or focal duct damage in-
volving more than 50 % of the bile ducts
Severe (grade ITI): the same alterations as described for grade 11
plus severe injuries (arteritis, central ischemic damage, confluent
necroses, paucity of bile ducts).

A diagnosis of chronic or ductopenic rejection depended large-
ly on evidence of cholestasis with interlobular and septal duct loss.
Other histologic criteria were the absence of findings concordant
with viral hepatitis, obliterative arteriolar lesions, and portal tract
fibrosis with linkage between central veins and portal triads. Dis-
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tinction between early chronic and chronic rejection was based on
the extent of lymphocytic bile duct damage or loss. A bile duct
loss limited to less than 25 % of the sample triads without cholesta-
sis or lobular changes was categorized as an early chronic rejection.
Findings indicative of a chronic rejection were a bile duct loss of
50% or more, lymphocytic damage in the remaining ducts, and
hepatocanalicular cholestasis. The term “vanishing bile duct syn-
drome” (VBDS) was used for a ductopenic rejection involving
75%-100% of interlobular bile ducts together with a severe
cholestasis, frequently accompanied by a foam cell arteritis [22].
For confirmation of bile duct loss, study of 20 portal tracts was re-
quired.

Depending on whether onset was prior to or after post-trans-
plant day 90, cellular rejection episodes were classified as early or
late onset rejections, respectively.

Treatment of rejection

Initial therapy consisted of a 3-day course of high-dose steroids,
i.e., 500 mg/day methylprednisolone i.v. Steroid-resistant episodes
were treated for another 5-10 days with 5 mg/day of monoclonal
OKT3 antibody. Conversion to tacrolimus was applied in OKT3
nonresponders, or as soon as a chronic ductopenic rejection was
suspected, irrespective of prior OKT3 treatment. A direct switch
to tacrolimus for steroid-resistant cellular rejection was considered
in late onset episodes and in patients with persistent CyA malab-
sorption in spite of a capped T-tube drainage. After gaining more
experience with tacrolimus, we were more apt to implement a di-
rect conversion for steroid-resistant cellular rejection even if the
criteria mentioned were absent. Rejection episodes in these pati-
ents displayed a predominantly cholestatic pattern or were histo-
pathologically classified as moderate-to-severe or severe.

Rescue therapy was started with continuation of oral steroids
and administration of oral tacrolimus. Initial dosing ranged from
0.07 to 0.1 mg/kg BW twice a day. Further adjustments were re-
lated to toxicity and response or graft function.

Evaluation of outcome

Outcome was evaluated in terms of response or nonresponse and
success or failure. Response was assessed as positive if a cellular re-
jection was reversed or if progression of bile duct loss in chronic re-
jection was at least interrupted, thereby improving liver function.
Repeat biopsies were performed if the clinical course did not de-
monstrate an improvement. Success or failure was determined
with regard to both patient and graft survival.

Statistical evaluation

Data are expressed as mean * standard error of the mean. Com-
parisons between groups were made using the Wilcoxon rank-sum
test for continuous variables and the chi®-test for categorical vari-
ables. Differences were considered statistically significant when P
values were below 0.05.

Table 1 Demographic data and primary immunosuppression in
the study population

Patient characteristics n =33
Female/male 15/18
Age (years) 48.4 £10.7
Primary immunosuppression

Triple therapie 5129 (17.2%)

Quadruple therapy (ATG)
Quadruple therapy (BT563)

21/191 (11.0%)
71102 (6.8 %)

Table 2 Indications for conversjon to tacrolimus and outcome in
terms of response and survival

Indication n Response Survival
yes  no yes  no

Chronic ductopenic

rejection 5 32 5203

Early chronic rejection 3 3 3

OKT3-resistant cellular

rejection 6 6 4 2

Steroid-resistant cellular

rejection 8 7 1 5 3

Late onset cellular rejection 4 4 4

Cellular rejection and CyA

malabsorption 4 4 4

Total 3 29 4 25 8

(88%) (12%) (76 %) (24 %)

2 Number of retransplantations

Results

Patient characteristics

Of the 435 patients transplanted between September
1988 and October 1993, 33 underwent tacrolimus rescue
therapy after the drug became available to our center in
May 1990. In 322 transplantations, CyA-based regimens
had been administered as primary immunosuppression
(triple n = 29; ATG n = 191; BT563 n = 102). Indications
for transplantation in the 33 patients converted to tacroli-
mus included hepatitis C virus (HCV) disease (n=7),
hepatitis B virus (HBV) disease (n = 4), primary scleros-
ing cholangitis (n = 4), fulminant liver failure (n = 4), al-
coholiccirrhosis (n = 3), Klatskin tumors (n = 3), and var-
ious other indications (n = 8). Table 1 depicts patient gen-
der and age as well as the primary immunosuppression.

Indications for conversion
The secondary diagnoses triggering rescue therapy are

shown in Table 2. The most common indications were
chronic ductopenic rejections (n = 8), OKT3-resistant
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cellular rejections (n=6), and predominantly chole-
static or severe forms of cellular, steroid-resistant rejec-
tion (n = 8).

In the group of poor CyA uptake (n = 4), three pati-
ents had undergone liver transplantation and Whipple’s
procedure for Klatskin tumors, while this surgical ap-
proach had been performed in a total of 7 patients out
of 322 with CyA-based regimens as primary immuno-
suppression [19]. In one patient, choledochojejunos-
tomy for primary sclerosing cholangitis had been per-
formed.

In almost all cases, initial treatment of rejection had
consisted of a 3-day course of high-dose steroids, except
for four patients who were converted directly to tacroli-
mus, two each in the group of CyA malabsorption and
late onset cellular rejection. Cycles of OKT3 had al-
ready been administered in five patients with chronic re-
jection and in one patient each in the late onset and ear-
ly chronic rejection groups.

Outcome

After a median follow-up of 2 years (25 £ 11 months),
29 of 33 patients (88 %) were responsive and 4 patients
(12 %) were nonresponsive. Patient survival could be
observed in 25 patients (76 %) and graft survival in 23
patients (70 %).

Nonresponsiveness was evident in three of eight
cases in the chronic rejection group and in one of eight
cases in the group of severe, steroid-resistant cellular re-
jections (Table 2). All early chronic rejections, OKT3-
resistant cellular rejections, late onset cellular rejec-
tions, and all cellular rejections in patients with poor
CyA uptake were effectively treated by conversion to
tacrolimus.

There were eight lethal cases: in three of eight pati-
ents suffering from chronic ductopenic rejection, in
three of eight patients in the severe, steroid-resistant
cellular rejection group, and in two of the six OKT3
nonresponders (Table 2). In these patients, the average
time between transplantation and the onset of rescue
therapy and between the switch to tacrolimus and pa-
tient death was approximately 4 months (116 + 145
days; range 11-454 days) and 3 months (89 £ 147 days;
range 7-526 days), respectively. Two patients died while
rejection episodes — one chronic ductopenic and one se-
vere, steroid-resistant cellular — persisted. In six pati-
ents, rejection had ceased clinically. In one of these pa-
tient, who had suffered from chronic ductopenic rejec-
tion, histopathological features of rejection were ame-
liorated on autopsy when compared to pre-switch find-
ings, though they had not disappeared completely. The
liver graft of another patient who was converted due to
chronic ductopenic rejection and who died of CMV
pneumonia did not display rejection-like features but

Table 3 Outcome of eight patients suffering from chronic ducto-
penic rejection, in terms of response/ongoing rejection and survi-
val/fatality, as a function of conversion to tacrolimus only or of
conversion and additional OKT3 pretreatment

Tacrolimus Tacrolimus
rescue + OKT3 rescue only
(n=5) (n=3)

Response 3 2

Ongoing rejection 2 1

Survival 2 3

Fatality 3 0

rather viral hepatitis without serological evidence of
HBYV or HCV infection. Autopsy was denied for one pa-
tient converted due to an OKT3-resistant cellular rejec-
tion. In the remaining four patients who had suffered
from refractory cellular rejections, there was no longer
evidence of rejection on autopsy.

Patients died almost exclusively of infectious compli-
cations. The most common final diagnoses were CMV
and Preumocystis carinii pneumonia in four cases each.
In three patients, infections had been pre-existent: two
cases of CMV pneumonia and one of CMV infection
and E.coli sepsis. Additional causes of death observed
in one patient each were aspergillosis, aggravated HCV
reinfection, and lymphoma. The patient who developed
post-transplant lymphoproliferative disease (PTLD)
was among the first to receive tacrolimus in 1990; he
had already undergone three cycles of OKT3 for treat-
ment of chronic rejection before tacrolimus became
available to us.

Comparing those patients who, for chronic duct-
openic rejection, were converted to tacrolimus only
with those who had, in addition, received at least one
course of OKT3, a rather balanced pattern for rejection
response was found (Table 3). None of the patients who
died had solely been on tacrolimus; all had undergone a
previous course of OKT3. However, neither correlation
was statistically significant.

Graft loss unrelated to patient death was observed
twice (Table 2). These two patients underwent success-
ful retransplantation for chronic ductopenic rejection.
Grafts were lost 4 and 5 months post-transplantation,
or 2 and 3 months post-switch, respectively. In another
patient with an ongoing VBDS, retransplantation had
not been considered because of a manifest CMV pneu-
monia and an E.coli sepsis with a multiple organ failure
syndrome. Tacrolimus rescue had been tried as a last re-
sort; however, the patient died 2 months after the
switch.

Conversion to tacrolimus was based on an intent to
treat. Mainly during the early phase of our program,
prior to our initial experience with tacrolimus or its
availability, 15 patients received OKT3 alone for treat-
ment of cellular steroid-resistant rejections. Ten patients
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recovered (67 %), while one patient died and four un-
derwent retransplantation for refractory rejection. An
additional 13 patients had to be switched to tacrolimus
for progressive rejection after OKT3 therapy.

Adverse events

Adverse events mainly included infection, renal insuffi-
ciency, or neurological disorder and were pre-existent
in a total of 21 patients (64 %). Their incidence could
be divided into three categories: those arising de novo,
those that persisted, and those that improved post-
switch (Table 4).

De novo infections were observed in 15 patients
(45 %), nephrotoxic or neurotoxic effects in 11 (33 %)
and 13 (39 %) cases, respectively. Persistence or aggra-
vation of pre-existing infectious complications was evi-
dent in four patients (12 %), while that of pre-existing
renal insufficiency or neurological disorders was seen
in six (18%) and three (9 %) cases, respectively. Im-
provement in prior disorders of an infectious nature oc-
curred in nine patients (27 %); disorders of renal origin
or related to a neurological site improved in five pati-
ents each (15 %).

De novo infection was mostly caused by opportunis-
tic pathogens, i.e., CMV (n =4), Pneumocystis carinii
(n=4), and Legionella (n=2), as well as by fungi
(n =35). Diagnosis of de novo CMV (n=1) or Pneu-
mocystis carinii infection (n = 4) and of de novo asper-
gillosis (n = 1) was made in four of the eight lethal cases.
Aggravation of pre-existing infection after conversion
was mainly related to those caused by CMV (n =3),
and all of these took a lethal turn, in one patient suffer-
ing from chronic ductopenic, in one with OKT3-resis-
tant cellular rejection, and in one with severe, steroid-
resistant cellular rejection. Four pre-existing CMV in-
fections improved post-switch in one patient each suf-
fering from chronic ductopenic, early chronic, and se-
vere, steroid-resistant cellular rejection, as well as in
one patient belonging to the CyA malabsorption group.
Bacterial cholangitis (n = 5) was the pre-existing com-
plication that improved most often during successful
rescue therapy irrespective of the secondary diagnosis.

An isolated rise in serum creatinine above 1.5 mg/dl
or the need for hemodialysis as a complication after the
onset of tacrolimus administration was evident in seven
and four patients, respectively. Four patients undergoing
hemodialysis had already done so prior to conversion.
In another four patients, the post-switch kidney function
improved to such an extent that hemodialysis was no
longer necessary. Out of a total of 12 cases requiring he-
modialysis, 7 had occurred in the group of steroid-resis-
tant cellular rejections: in two rescue failures de novo,
and in three and two successful cases persisting or im-
proving, respectively. Another two patients who needed

Table 4 Incidence of adverse events in the study population listed
as de novo, persistent, or improving complication related to the on-
set of tacrolimus therapy

Adverse events De novo Persistent  Improving

Infections

CMV pneumonia
CMV (PCR positivity?)
PCP
Legionella pneumonia
Fungal infections
Bacterial cholangitis
Urinary tract infection
Bacterial pneumonia
E. coli sepsis 1
Total 21in 5in

15 patients 4 patients

—_
=

R NWOKnND A=W
-
— NN

14 in
9 patients
Renal insufficiency
Serum creatinine
> 1.5 mg/dl 7 2 1
Hemodialysis

requirement 4
Total 11

Neurological disorders
Minor Tremor
Mood changes
Somnolence
Headache
Peripheral neural
disorders
Major Organic mental
syndrome
Psychosis
Seizures
Encephalopathy
Personality disorder
Dysarthria
Ataxia
Total

[e
— N W —_ — NN W
—

_= = )

9in
S patients

251in
13 patients

3in
3 patients

2 Polymerase chain reaction (PCR)-directed detection of CMV en-
velope in blood

hemodialysis after conversion and for whom the rescue
therapy failed belonged to the group of chronic duct-
openic and OKT3-resistant rejection. In one successtul
rescue case in the chronic rejection group and another
in the group of poor CyA uptake, pre-switch hemodialy-
sis could be dispensed with after initial tacrolimus treat-
ment. None of the nonlethal cases required hemodialy-
sis for more than 8 weeks. However, renal insufficiency,
as measured by a serum creatinine level between 1.6
and 3 mg/dl, was persistent in six patients during long-
term follow-up.

Neurological disorders were further divided into mi-
nor and major disturbances, each observed in 11 (33 %)
and 6 (18 %) patients, respectively. Since the clinical pic-
ture was compounded by minor and major manifesta-
tions, only 7 patients (21 %) presented solely with minor
changes. The most prominent de novo neurological
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Table 5 Comparison of pre-switch laboratory values as a funiction of the indication for conversion to tacrolimus. Groups were divided ac-
cording to outcome if failures were evident. Values represent mean + SEM

Bilirubin (mg/dl) AP (IU/) y-GT (1U/N) AST (1U/) ALT (1U/1)

Chronic rejection

Success 16.6+11.0 727 £ 4209%%*%%  64() £ 195FH*kx 88+ 38 194 £ 83

Failure 13.7£4.9 T56 £ 419 A%% 626 £ 4T(QRFHEE 70 £ 47 91 +45
OKT3-resistant cellular rejection

Success 163144 214+ 81 318+ 212 51+31 131+97

Failure 207123 341+4 604 + 336 89133 1358
Severe steroid-resistant cellular rejection

Success 12056 245+ 189 293+ 149 48 £36 106 + 35

Failure 29.7 £5.9* 338 +231 376 + 350 37+13 95+9
Early chronic rejection 12.7+6.2 310+£203 158 £127 55146 114+ 69
Late onset cellular rejection 57+53 339 £ 207 270+ 182 108+ 79 168 £ 99
Cellular rejection and CyA malabsorption 11.9+7.9 516 +475 197 +139 103+ 90 222 £ 196

* P <0.05 compared with the respective successful rescue cases; ** P < (.05 compared with the subset of the study population not suffer-
ing from chronic rejection; *** P < (0.05 compared with the early chronic rejection group

complication after conversion to tacrolimus was tremor
(n = 13). It did not display a predilection for any of the
secondary diagnoses and occurred in four of the eight le-
thal cases. However, neurological evaluation in the
moribund and critically ill tended to be impeded by se-
dation or relaxation intended for optimal ventilatory
support. Both cases of somnolence were diagnosed in
patients who later died of CMV and Preumocystis carinii
pneumonia. Of the neurological disorders that improved
during the rescue therapy, encephalopathy (n = 3) was
most eminent. Its etiology was metabolic and occurred
in one successful rescue case in the chronic ductopenic
rejection group and in one in the steroid-resistant cellu-
lar rejection group, as well as in one patient suffering
from cellular rejection in the CyA malabsorption group.

Laboratory findings

Pre-switch laboratory parameters in the groups where
failures had occurred were checked for a putative pre-
dictive potency (Table 5). A significantly elevated total
serum bilirubin in unsuccessful cases compared to suc-
cessful ones (29.7+59mg/dl vs 12.0+ 5.6 mg/dl;
P <0.05) was found in the group with steroid-resistant
cellular rejection. Prior to conversion in the chronic
ductopenic rejection group, total serum bilirubin levels
were, in contrast, higher in patients who profited from
the rescue therapy. Among OKT3 nonresponders, the
levels of total serumbilirubin, as well as alkaline phos-
phatase (AP) and y-glutamyltransferase (y-GT) activ-
ity, were elevated slightly, though not significantly in
those where rescue was about to fail. In the other
groups, AP and y-GT activity, as well as levels of the
aminotransferases (AST, ALT), did not differ between
rescue cases that failed and those that succeeded.

Intergroup analysis did not disclose any statistically
significant differences, except for the chronic rejection
group. In these patients, whether treatment failed or
not, AP and y-GT serum activity was significantly
(P < 0.05) elevated in comparison to all those suffering
from rejection other than chronic (743 +423 TU/ vs
305 £ 207 TU/, and 630 £ 378 1U/1 vs 267 £ 236 IU/I, re-
spectively). Serum bilirubin, AST, and ALT levels did
not display significant differences. Moreover, the only
distinction found between early chronic and chronic
ductopenic rejection was in a significantly differing AP
(310 £ 203 TU/1 vs 743 £ 423 IU/L; P < 0.05) and y-GT se-
rum activity (158 £ 127 IU/1 vs 630 £ 378 TU/L; P < 0.05).
Serum bilirubin levels were only slightly lower in the
early chronic rejection group (12.7+6.2 mg/dl vs
15.9 + 8.5 mg/dl; P = NS).

Discussion

In 33 patients suffering from various kinds of liver al-
lograft rejection, conversion from CyA-based immuno-
suppressive regimens to tacrolimus and steroids gener-
ated response and success rates of 88 % and 70 %, re-
spectively. Outcome was mostly dependent on the entry
diagnoses for tacrolimus rescue therapy. Complete re-
sponse and fair overall outcome were characteristic for
all patients suffering from early chronic rejection, late
onset cellular rejection, and cellular rejection based on
CyA malabsorption. While these figures correspond to
those from previous reports [4, 8], patients with severe
steroid-resistant or OKT3-resistant cellular rejection
have not fared as well in our experience. Although re-
sponse rates ranged high in both groups — 88% and
100 %, respectively — only a limited reliability in terms
of patient survival — about 65 % in each group — was ob-
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served. These data tend to support studies that are less
enthusiastic about an incontestable role of tacrolimus
in cellular rejection [13, 26]. In manifest ductopenic re-
jection, a restricted benefit of tacrolimus rescue therapy
is a well-known feature [4, 8, 13, 15, 36]. In our series,
the response and graft survival figures were 63 % and
38 %, respectively.

Opportunistic infections, i.e., CMV and Preumocys-
tis carinii pneumonia, accounted for most of the rescue
failures. Although in 50 % of all cases undergoing con-
version to tacrolimus many infectious, renal, and neuro-
logical complications had already pre-existed, the Pneu-
mocystis carinii pneumonias were acquired de novo. It
might be worth noting that these patients had under-
gone transplantation prior to a change in our periopera-
tive prophylaxis from aerosolized pentamidine to bac-
trim. All patients had received 10 g of immunoglobulin
7S and CMV hyperimmunoglobulin on postoperative
days 1 and 14. While the incidence of infections was
not elevated in primary protocols entailing tacrolimus,
a rising rate was evident in the same study among those
converted [12]. A distinct risk of conversion was also
confirmed by another report mirroring our Prneumocys-
tis carinii pneumonia incidence of 12 % [13].

Though not statistically significant, previous OKT3
therapy emerged as unfavorable in patients switched
for chronic ductopenic rejection. In the group of
OKT3-resistant cellular rejection, both patient deaths
were due to CMV pneumonia, one of which had devel-
oped pre-switch. Therefore, tacrolimus rescue therapy
should be considered very cautiously in patients with
prior OKT3 treatment. Although tacrolimus rescue
studies are subject to the pitfalls of compassionate use
protocols, it might be advisable to avoid OKT3 therapy
in general in favor of an early switch to tacrolimus.
While the survival figures of 15 patients after treatment
with OKT3 for steroid-resistant cellular rejection did
not differ from those of patients converted to tacroli-
mus, a total of 13 additional patients initially treated
with OKT3 alone had to undergo conversion for refrac-
tory rejection later on compared to only one patient
with ongoing cellular rejection after a switch to tacroli-
mus.

Most patients were high-risk cases, as reflected in the
21 patients (64 %) presenting with pre-existing infec-
tious, renal, or neurological disorders, and in the time in-
terval between onset of tacrolimus conversion and pa-
tient death, which was sometimes as short as 1 week. In
successfully converted patients, the benefit did not only
apply to control of rejection but also to these pre-exist-
ing disorders. The general improvement might have
been associated with a gain in liver function or with pre-
vious drug induced toxicity. Mainly bacterial infections,
among them cholangitis, were affected by less impaired,
nonspecific defenses and a normalization in bile flow [2,
9]. Kidney function was enhanced to such an extent that

four patients requiring hemodialysis prior to conversion
no longer needed it afterwards. Neurological disorders
that were relieved after conversion were predominantly
metabolic and, therefore, profiled of improvements in
liver and kidney function.

Conversely, post-switch nephrotoxicity and neuro-
toxicity were experienced by 33 % and 36 % of the pati-
ents, respectively. Possible contributing factors such as
infections or nephrotoxic antibiotics not even taken
into account, the number of patients exhibiting renal
dysfunction was considerably lower than the initial
80 %-90 % figures of previous rescue studies [10, 16].
This difference is most likely due to the relatively low
dose of tacrolimus administered orally rather than intra-
venously. It is known that nephrotoxicity is dose-depen-
dent and can be managed with subsequent adjustments
[17]. In our hands, the monitoring of tacrolimus plasma
levels, which had been evaluated in our 33 patients,
clearly failed to detect tacrolimus overimmunosuppres-
sion and were, therefore, an unreliable parameter. Im-
proved monitoring of whole blood instead of plasma
levels, which are more reliable in detecting overimmun-
osuppression, and earlier dose reduction to a lower ther-
apeutic range may further improve the outcome of ta-
crolimus-treated patients.

Neurotoxicity has been described as most common
after intravenous tacrolimus administration; yet, even
profound neurological events tend to be temporary in
nature [6]. In our series, 19 % of cases demonstrated mi-
nor neurotoxicity, mostly noted as tremors of the hand.
These results are comparable to those of intravenous ta-
crolimus use in primary immunosuppression [6]. Like
nephrotoxicity, neurological dysfunction occurred sig-
nificantly more often in rescue cases than in primarily
treated patients [30]. The 17 % of major neurological
disturbances identified among our patients exceeded
the 5% reported for primary and intravenous tacroli-
mus use. However, all de novo neurological complica-
tions resolved during follow-up.

In their review of 96 patients converted from CyA to
tacrolimus, Demetris and coworkers found that in
chronic ductopenic rejection the combination of a total
serum bilirubin level exceeding 20 mg/d] and a greater
than 50 % bile duct loss on biopsy was highly predictive
of nonresponse [4]. A duct loss of 50 % or more was an
inclusion criterion for the chronic rejection group in
our study. Neither the bilirubin level nor the serum ac-
tivity of hepatocellular or canalicular enzymes was pre-
dictive for outcome. The extent of bile duct loss served
as the basis for distinguishing between early chronic
and chronic ductopenic rejection, and was reflected in
significantly elevated canalicular enzyme serum activity
in the chronic rejection group. However, these parame-
ters failed pre-switch to differentiate between success
and failure. Not all patients rescued from chronic ducto-
penic rejection were biopsied during follow-up if the
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clinical course was satisfactory. In those where normal
graft function had resumed and a post-switch biopsy
was obtained, histopathology was less impressive, if at
all, than clinical outcome.

In cellular steroid-resistant rejection, the pre-switch
total serum bilirubin was significantly elevated in un-
successful cases compared to successful ones. In all pati-
ents from whom a biopsy was obtained after conversion,
rejection had resolved completely. In contrast to chronic
rejection, the rise in serum bilirubin was most likely due
to impaired hepatocellular function without a signifi-
cant role of duct loss. Since the predictive potency was
confined to failure and not to nonresponse, it would ap-
pear that tacrolimus may be able to reduce a given ex-
tent of graft damage only at the expense of severe over-
immunosuppression. This is all the more probable given
the fact that patients in this group whose therapy failed
died only of complications that had not pre-existed.

In conclusion, conversion to tacrolimus was a reliable
treatment for early chronic rejection, late onset cellular
rejection, and rejection based on CyA malabsorption.
It was also potent in OKT3- and severe, steroid-resistant

cellular rejection. However, tacrolimus rescue therapy
was not beneficial to all of the patients in these latter
groups and only in a subset of those suffering from
chronic ductopenic rejection. In almost all failures, op-
portunistic infections represented the cause of death
and, as in the U.S. multicenter trial, prior OKT3 treat-
ment emerged as a risk factor [35]. The reverse was
also true, namely, patients converted during an early
stage of rejection profited the most. Benefits of conver-
sion to tacrolimus did not only become evident with en-
hanced liver performance, but also with regard to pre-
existing complications. Long-term toxicity was confined
to mild renal insufficiency in six patients without a fur-
ther need for hemodialysis. In severe, steroid-resistant
cellular rejection, rescue failures presented a signifi-
cantly elevated pre-switch total serum bilirubin com-
pared to rescue successes. The underlying mechanisms
of tacrolimus rescue in chronic rejection remain ob-
scure, hence predictive parameters still need to be eluci-
dated as well.
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