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REASONS FOR LONG-TERM USE OF STEROID IN PRIMARY
ADULT LIVER TRANSPLANTATION UNDER TACROLIMUS1,2
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Background. Tacrolimus is a potent immunosup-
pressive agent that provides higher freedom from
acute and chronic rejection than cyclosporine after
liver transplantation (LTx). Initially, a steroid-free
state was observed in about 70% of patients at 1 year;
this did not change over the next 5 years. The present
study identifies the various reasons why the remain-
ing 30% of adult patients still require steroids even
after 5 years after successful LTx.

Method. Eight hundred thirty-four consecutive pa-
tients who underwent LTx between August 1989 and
December 1992 were included in this study. Four hun-
dred ninety-nine patients were alive in January 1999
and were available for this study. The dose of steroid
and the reason for steroid use were retrospectively
determined from the clinical records.

Results. Three hundred sixty-five patients (73.1%)
were off steroid, whereas 134 patients (26.9%) were
receiving prednisone (mean dose was 6.463.7 mg/day)
at the time of the study. Four hundred and eight-four
patients (97%) were off prednisone at some time after
LTx; however, in 119 (23.8%) patients, steroids were

reintroduced. Fifteen patients (3%) continued to re-
ceive prednisone; eight receive prednisone due to re-
luctance of the local physician to withdraw the medi-
cation; in five patients, the prednisone was not
withdrawn because these patients were on cyclospor-
ine; in the remaining two patients, repeated attempts
to withdraw steroid resulted in a rise in liver function
test. In the 49 (36.6%) of 119 patients in whom the
steroid was reintroduced, it was restarted secondary
to pathologically proven or clinically suspected re-
jection (group I). In five patients steroid was reintro-
duced for abnormal liver function after being off
immunosuppression for treatment of a posttransplan-
tation lymphoproliferative disorder. Six patients were
noncompliant with their immunosuppressive medica-
tion, and the steroid was reintroduced to control re-
jection. Steroids were reintroduced in 30 patients
(22.4%) for recurrence of original disease: primary bil-
iary cirrhosis (n519), sclerosing cholangitis (n56), and
autoimmune hepatitis (n55) (group II). In 24 patients
(20.2%), steroids were reintroduced to lower the dose
of tacrolimus secondary to nephrotoxicity. Six of these
patients received kidney transplantation (group III).
In 16 patients (13.4%) the steroid was reintroduced for
concomitant medical problems, consisting of ulcer-
ative/Crohn’s colitis (n56), adrenal insufficiency
(n55), hematological disorders (n53), dermatitis
(n51), and rheumatoid arthritis (n51) (group IV).

Conclusion. Ninety-seven percent of patients under
tacrolimus were weaned off steroid; however, 23.8%
required steroid reintroduction for late rejection, re-
currence of autoimmune process(es), renal impair-
ment, or the concomitant presence of other medical
conditions. Although the use of other immunosuppres-
sive agents may reduce the rate of reintroduction of
steroid, long-term sustained freedom from steroid may
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2 This work was supported in part by research grants from the
Veterans Administration and Project Grant DK-29961 from the Na-
tional Institutes of Health, Bethesda, MD.

3 Department of Surgery, Thomas E. Starzl Transplantation
Institute.

4 Department of Pharmaceutical Sciences, University of Pitts-
burgh Medical Center.

5 Department of Surgery, University of California, San Diego.
6 Address correspondence to: John Fung, MD, PhD, 3601 Fifth

Avenue, 4th Floor Falk Clinic, Pittsburgh, PA 15213. E-mail:
fungjf@msx.upmc.edu.

TRANSPLANTATION1102 Vol. 71, No. 8



not be possible in all patients under tacrolimus sec-
ondary to these conditions.

The beneficial effect of tacrolimus in liver transplantation
(LTx) is well recognized, particularly in terms of the overall
reduction of episodes of acute rejection, steroid-resistant re-
jection, and refractory rejection (1–3). In our preliminary
observation of 1,000 consecutive primary LTx patients re-
ported in 1995, freedom from steroid was observed in 70% of
patients 1–4 years post-LTx (4). On subsequent examination
of the same population 3 years later, there was no further
increase in freedom from steroid, an interesting observation
given that we have an active immunosuppression with-
drawal protocol at our institution for patients with stable
allograft function beyond 5 years (5-7).

Steroids are known to cause many metabolic changes in-
cluding hypertension, diabetes, obesity, osteoporosis, and hy-
percholesteremia (8–10). The aim of the present study is to
examine the rate of freedom from steroid under tacrolimus,
the dose of steroid use, and to identify the reasons for use of
steroid in adults (age.18 years) 5 years or more after pri-
mary LTx.

PATIENTS AND METHODS

Between August 1989 and December 1992, 834 adults (age .18
years) underwent primary LTx under tacrolimus. All patients were
followed until January 1999, with a mean follow-up of 7.660.86
years (range 6 to 9.3). Current immunosuppression dosing of all
living patients was reviewed. The study identified the dose and
reason for continued steroid use for those still receiving it. The
tacrolimus/steroid protocols used at our institution have been previ-
ously described elsewhere (3, 4, 11, 12).

RESULTS

Three hundred thirty-five patients (40.2%) died during the
mean follow-up of 7.6 years, leaving 499 patients available
for study. There were 276 (55.3%) males and 223 (44.7%)
females. The mean age was 49612 years at the time of
transplantation and 56612 years at the time of evaluation.
The primary diagnosis of the patients living at the time of the
study is shown in Table 1.

Three hundred sixty-five patients (73.1%) are free from
steroid; 134 (26.9%) were still on steroid and were examined
in further detail. The dose of prednisone was #5 mg/day in 93
(69.4%), between 6 and 10 mg/day in 32 patients (23.9%), and
.10 mg/day in only 9 (6.7%). The mean daily prednisone dose
is 6.463.7 mg (median 5 mg: range 1.25–20). Of the 134
patients on steroid at the time of this study, all but 15
patients (11.3%) were off prednisone at some time after LTx.
In the remaining 119 patients, 16 different reasons were
identified for reintroduction of drug and were divided into 5
different groups (summarized in Table 2).

Reasons for not withdrawing steroid. In 15 patients pred-
nisone was never withdrawn after LTx. Eight patients were
managed by local physicians—several outside this coun-
try[em]and our center had inadequate follow-up. Prednisone
was not withdrawn in five patients because they were on
cyclosporine. In the remaining two patients, repeated at-
tempts at lowering the steroid led to an increase in hepatic
enzyme activity; hence prednisone was continued (group I).

Reasons for reintroduction of steroid. Late rejection: In 49
(36.6%) of 134 patients, prednisone was reinstituted for ei-

ther biopsy proven (n524; 49%) rejection or a rise in hepatic
enzymes, i.e., clinically suspected mild rejection (n525; 51%)
(group II). The mean dose of prednisone in this group was
6.363.9 mg/day (median 5; range 1.25 to 20). In six patients
the cause of late rejection was considered to be documented
noncompliance with the immunosuppressive medications. In
another five patients the immunosuppression was either dis-
continued or was markedly reduced to control posttransplant
lymphoproliferative disorder that subsequently led to clinical

TABLE 1. Primary diagnosis

Indicatrions n %

PNCE 111 22.2
HCV 82 16.4
PBC 62 12.4
Cryptogenic 56 11.2
PSC 44 8.8
HBV 41 8.2
Hepatic malignancy 30 6
FHF 19 3.8
Autoimmune 17 3.4
Secondary biliary cirrhosis 12 2.4
Budd chiari 7 1.4
A-I-A deficiency 7 1.4
Other (Wilsons-3,

hemochromotosis-3,
biliary atresia-3,
trauma-1, unknown-1)

11 2.2

Total 499

A-1-A, alpha 1 antitrypsin; FHF, fulminant hepatic failure; HBV,
hepatitis B virus; HCV, hepatitis C virus; PNCE, ethanol induced
post necrotic cirrhosis.

TABLE 2. Reasons for use of steroid

Group Reason n %

I Steroid not withdrawn 15 11.9
Poor follow-up long distance 8
Cyclosporine 5
Inability due to increase in liver

function
2

II Late rejection (reinstitution of
steroid)

49 36.57

Noncompliance 6
Posttransplant

lymphoproliferative disorder
5

Unknown reason for late rejection 38
III Recurrence of primary disease

(reinstitution of steroid)
30 22.39

Primary biliary cirrhosis 19
Primary sclerosing cholangitis 6
Autoimmune disease 5

IV Renal impairment (reinstitution of
steroid)

24 17.91

Ongoing renal impairment 18
Kidney transplantation 6

V Concomitant medical conditions
(reinstitution of steroid)

16 11.94

Colitis 5
Adrenal insufficiency 5
Hematological disorder 3
Rheumatoid arthritis 1
Dermatitis 1

Total 134
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rejection and reintroduction of steroid. In the remaining pa-
tients the cause of late rejection was not determined. Five
patients in this group were also on azathioprine (25 to 75
mg/day), and two others were on mycophenolate mofetil
(MMF) (1 g/day). Nearly all patients normalized the biochem-
ical abnormality in the liver function tests.

Recurrence of disease: In 30 patients (22.4%) steroid was
reintroduced for biopsy-proven disease recurrence, consisting
of primary biliary cirrhosis (PBC) (n519; 14.1%), primary
sclerosing cholangitis (PSC) (n56; 4.5%), and autoimmune
hepatitis (AI) (n55; 3.7%) (group III). The mean dose of
steroid was 6.863.4 mg/day (median 5, range 5 to 20). Four
patients in this group were also on azathioprine (50 to 75
mg/day), and another four were on MMF (500 to 1500 mg/
day). Overall freedom from steroid for PBC in this study
population was 40 (64.5%) of 62; that for PSC was 31 (70.5%)
of 44 and for AI was 8 (47%) of 17.

Renal impairment and kidney transplantation: Twenty-
four (17.9%) of the patients were on prednisone for renal
impairment (n518; 13.4%) to allow a lower concomitant dose
of tacrolimus; the remaining six (4.5%) received kidney
transplants (group IV). Three patients with renal impair-
ment are also on azathioprine (50 to 100 mg/day), and one
patient is on MMF (1000 mg/day). The mean dose of pred-
nisone in this group was 5.361.9 mg/day (median 5, range 2.5
to 10).

Other concomitant medical conditions: Sixteen (11.9%) of
the patients had a concomitant medical condition that re-
quired the reintroduction of prednisone (group V). This
consisted of colitis (ulcerative55, Crohn’s51; 4.5%), adrenal
insufficiency (n55; 3.0%), hematological disorder (hemoly-
sis52, idiopathic thrombocytopenic purpura51; 2.2%), der-
matitis (n51; 0.7%), and rheumatoid arthritis (n51; 0.7%).
The mean dose of steroid for this group was 7.6 1 5.1 mg/day
(median 5, range 2.5 to 20).

Rate of hypertension, diabetes, and hyperlipidemia. The
rate of hypertension was 45.2% in patients who were off
steroid and 50.7% for the patients who were on steroid; the
difference was not significant. There was a slight increase in
the rate of hypertension with increasing dose of steroid, but
it was not statistically significant (Table 3). Similarly the
rate of insulin-dependant diabetes mellitus was 15% in pa-
tients who were off steroid and 17.9% for patients who were
on prednisone. There was no trend for the incidence of dia-
betes correlated with the dose of steroid in this study.

Cholesterol were measured only in 138 (27.7%) patients,
26 (19.2%) in the steroid group and 112 (30.7%) in the non-
steroid group. Also triglyceride levels were available in only
113 (22.6%) patients, 21 (15.7%) in the steroid group and 92
(25.2%) in the nonsteroid group. There was no significant

difference in this study in levels of cholesterol or triglycer-
ides, but information was available in only a limited number
of patients (Table 3).

Concomitant use of other immunosuppressive agents. Con-
comitant use of azathioprine and MMF for various groups of
patients on steroid is shown in Table 4. Fifteen patients were
on azathioprine, and six patients were on MMF without
steroids. The mean dose of azathioprine was 53.5624 mg/day
[100 mg/day (n52), 75 mg/day (n52), 50 mg/day (n57), and
25 mg/day (n54)]. The mean dose of MMF was 10006500
mg/day [2000 mg/day (n51), 1000 mg/day (n53), and 500
mg/day (n52)]. Three hundred and forty-four patients
(68.9%) were on either cyclosporine or tacrolimus
monotherapy.

Biochemical parameter. There was no difference in bio-
chemical parameters indicative of liver function (mean se-
rum bilirubin, aspartate aminotransferase, alanine amino-
transferase, alkaline phosphatase, and gamma-glutamyl
transferase) for both groups of patients who were on steroid
or without steroid (Table 5). Similarly mean blood urea ni-
trogen and mean serum creatinine was also comparable at
the last follow-up for both groups as shown in Table 5.

DISCUSSION

At our institution we do not have any fixed deliberate
policy for a definitive time after LTx for withdrawing steroid.
Instead, patients are managed on an individual basis de-
pending on their liver function and previous history of rejec-
tion. Since the metabolic, cosmetic, and noncosmetic effects
of steroid are well recognized, it is the first drug that is
usually weaned under optimal conditions, the steroid wean-
ing process starts 2 weeks after LTx. If there is no evidence
of rejection within 2 weeks and the patient’s liver function
tests are nearly normal, prednisone is reduced from 20 mg/
day (starting baseline dose) to 15 mg/day. This process con-
tinues for the rest of the follow-up. By 3 months after trans-
plantation about 50% of patients are off steroid; by 1 year it
is about 70%. However, because of clinical development, the
steroid dose must be increased or restarted in some.

Steroid withdrawal after LTx has been shown to be of
benefit, resulting in less hypertension, diabetes, obesity, and
elevated cholesterol levels (8–10). Tisone et al. (13) in a
prospective randomized study of 20 patients under cyclospor-
ine and azathioprine with or without steroid showed no dif-
ference in the rate of rejection or survival and found better
liver and renal function without steroid. However the com-
parison was made with only a 20-mg of prednisone per day
dose of steroid. In our early trial when we compared high-
dose steroid induction versus low-dose steroid (20 mg/day vs.
1000 mg induction and 600 mg taper over the next 5 days)

TABLE 3. Hypertension, diabetes, and hyperlipidemia in relation to prednisone dose

Prednisone dose Hypertension Diabetes Cholesterola Triglycerideb

0.00 (n5365) 165 (45.2%) 55 (15%) 178645 163.26121
.0 #5 (n593) 45 (48.4%) 17 (18%) 182640 151.9672.6
.5 #10 (n532) 17 (53.1%) 6 (18.8%) 186654 108.8653.2
.10 (n59) 6 (66.7%) 1 (11.1%) NA NA
All Steroid (n 5 134) 68 (50.7%) 24 (17.9%) 180651 137.1675.1

a Available 26 (19.4) in steroid group and 112 (30.7%) in nonsteroid groups.
b Available in 21 (15.7%) steroid group and 92 (25.2%) nonsteroid group.
NA, not available.
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there was a significant reduction in rejection rate; however
morbidity was not compared in the study (11). Gomez et al.
(9) showed successful steroid withdrawal in 86 selected pa-
tients 1 year after LTx with stable liver function and found
improvement in hypertension, cholesterol, and bone mineral
density in the lumber spine under cyclosporine without the
need for azathioprine. Padbury et al. (14) from U.K. reported
successful withdrawal of steroid in 85% of patients 3 months
after LTx with improvement in hypertension and rate of
infection. Similar observations were made by Punch et al.
(15) with 88% successful steroid withdrawal at mean a fol-
low-up of 13.8 months. They observed a decrease in hyper-
tension, cholesterol, and weight gain. Ramirez et al. (16) have
demonstrated a 90% success rate of withdrawal of steroid at
6 months after LTx under cyclosporine and tacrolimus.

In the present study there were no protocols involved to
wean the steroid by introducing azathioprine, MMF. or the
recently approved drug rapamycin. It is quite possible that
more patients could be weaned off by adding any of the above
agents. McDiarmid et al. (17) have successfully withdrawn
steroid in selected post-LTx patients on cyclosporine by add-
ing azathioprine. Similarly Stegall et al. (8) reported the
withdraw of steroid 14 days after LTx by using MMF in
conjunction with either tacrolimus or cyclosporine (or Neoral)
and found beneficial effects in terms of decreased rate of
diabetes and a lower rate of cholesterol and hypertension
with no increased immunological risk to the allograft. DeCar-
lis et al. (18) used a quadruple drug regimen: rabbit antithy-
mocyte globulin and steroid induction with cyclosporine and
azathioprine. At 3 months patients were randomized to com-
plete steroid withdrawal or long-term low-dose steroid. The
authors found a significant benefit in terms of hypertension,
diabetes, bone complications, and lower cholesterol level for

the group of patients off steroid. However, it is important to
realize that these agents that are being substituted for ste-
roid are not free from side effects. The metabolic, cosmetic,
and noncosmetic benefits of steroid avoidance, particularly
for the majority of patients who are on 5 mg or less per day,
need to be weighed against the potential side effects of aza-
thioprine, MMF, and rapamycin. An extremely careful,
closely monitored prospective study will need to be conducted
to determine the real benefit for these patients, including the
questions of the side effects of these other immunosuppres-
sive medications. However, if the patient has existing prob-
lems with osteoporosis, obesity and mild hypertension,
and/or mild diabetes mellitus, he/she may benefit from max-
imal steroid reduction. However, the long-term goal has to be
monotherapy or an immunosuppression-free state rather
than polypharmacy therapy. An immunosuppression-free
state seems to be possible only in a small percentage of
patients (19). However, hopefully LTx with the simultaneous
infusion of donor bone marrow to promote better microchi-
merism will prove to be useful in allowing an immunosup-
pression-free state; until then monotherapy seems to be the
only other best option (20). McMaster et al. (21) has summa-
rized the changing goals in immunosuppression with tacroli-
mus and cyclosporine.

MMF and rapamycin are approved by the FDA for use in
kidney transplantation with cyclosporine or Neoral only. Its
safety with tacrolimus in liver transplantation has not yet
been conclusively evaluated, and many third-party payers
are not willing to reimburse the cost. In any event, these
approaches of combining tacrolimus with MMF and rapamy-
cin in liver transplant patients have scientific basis and offer
potential advantages in allowing the weaning of steroid and
may prove to provide other advantages as well, particularly
with regards to obesity, hypertension, hyperglycemia, and
hypercholesteremia.

In conclusion, 73% of patients were off steroid in the
present series; 18.1% were on prednisone #5 mg/day, 6.4%
were on prednisone between .5 and #10 mg/day, and 1.8% of
patients were on prednisone .10 mg/day. Ninety-seven per-
cent of patients were completely off prednisone at some time
after LTx. However, up to 24% of the patients may need
reinstitution of small doses of steroids for the various reasons
outlined above but may be minimized by the concomitant use
of the newly approved immunosuppressive agents with ta-
crolimus. It seems that compliance issues, late rejection,
management of a recurrent autoimmune process, and asso-
ciated other medical conditions will continue to cause prob-
lems for the successful complete and sustained long-term
freedom from steroids in a small percentage of the cases.
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IMPACT OF DONOR-SPECIFIC ANTIBODIES ON CHRONIC
REJECTION OCCURRENCE AND GRAFT LOSS IN RENAL

TRANSPLANTATION: POSTTRANSPLANT ANALYSIS USING FLOW
CYTOMETRIC TECHNIQUES1
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Background. Improvements in immunosuppressive
therapy have greatly reduced acute rejection (ARj)
episodes, ensuring better short-term graft outcome,
but have not modified long-term survival in renal

transplantation. It is now well accepted that chronic
rejection (CRj) can be determined by both immune
and/or nonimmune mechanisms. The aim of this study
was to evaluate the importance of the posttransplant
humoral immune response towards mismatched HLA
graft antigens in CRj occurrence and graft outcome.

Methods. Serum samples from 120 nonpresensitized
renal transplant recipients were prospectively
screened for 1 year after surgery by means of flow
cytometry cross-match (FCXM) and FlowPRA beads
(microbeads coated with purified HLA class I and
class II antigens) assays. All transplants were fol-
lowed-up for 2 years or until graft removal.

Results. FCXM monitoring identified donor-specific
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