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Abstract

Objectives: To evaluate the efficacy and safety of
conversion from calcineurin inhibitors to sirolimus
among liver transplant recipients with calcineurin
inhibitor-induced complications.

Materials and Methods: After receiving liver
transplants, 25 patients with calcineurin inhibitor-
induced complications (22 renal dysfunction and
3 new-onset diabetes mellitus) were converted
from sirolimus to tacrolimus. The serum creatinine,
sirolimus trough level, liver function, acute rejection
episodes, and drug-related adverse effects were
monitored.

Results: The patients were followed for 12 to 50
months (median, 25 months). The renal function of
the 22 patients with renal dysfunction improved
after sirolimus conversion. The serum creatinine
levels were significantly lower at 3 months
after conversion versus before conversion
(113.2 £ 21.8 ymol/L vs 163.2 £ 45.3 umol/L; P <.05).
At the end of the follow-up, the average serum
creatinine level was 101.9 * 23.4 pymol/L among the
20 living recipients. Diabetes also was under control
in 3 diabetic recipients after the conversion. Four
patients experienced episodes of acute rejection,

From the Organ Transplant Center, the first Affiliated Hospital of Sun Yat-sen University,
Guangzhou, China

Acknowledgements: *These authors contributed equally to the work and should be considered
cofirst authors.

Grant support: The study is supported by the China Medical Board in New York, No. 06837,
the Key Projects in the National Science & Technology Pillar Program during the Eleventh Five-
Year Plan Period of China (2008BAI60B02 and 2008BAI60B06) and Science and Technology
Planning Project of Guangdong Province (2008B030301308).

Addpress reprint requests to: Dr. Xiaoshun He, Organ transplant center of the first affiliated
hospital of Sun Yat-Sen University, No. 58 Zhongshan er Road, Guangzhou, 510080, China
Phone: +86 20 8730 6082 Fax: +86 20 8730 6082 E-mail: gdtrc@126.com

Experimental and Clinical Transplantation (2012) 2: 132-135

Copyright © Baskent University 2012
Printed in Turkey. All Rights Reserved.

and intravenous steroid bolus therapy was
administered in 2 of them. No graft was lost
because of acute rejection. The adverse effects of
sirolimus included hyperlipidemia (7/25), anemia
(8/25), and mouth ulcers (9/25). All these adverse
effects were relieved after a short-term
symptomatic therapy, and no patient was
withdrawn from the conversion trial.

Conclusions: Sirolimus monotherapy is effective and
safe in liver transplant recipients. Conversion to
sirolimus was associated with a sustained
improvement in renal function and diabetes
mellitus without an increased incidence of acute
rejection episodes.
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Introduction

Introduction of calcineurin inhibitors has
significantly improved the effectiveness of liver
transplants and long-term patient survival. On the
other hand, calcineurin inhibitors, themselves,
would impair the maximal benefit of liver transplant
by inducing various complications including renal
function impairment, neurotoxicity, de novo
diabetes mellitus, and hypertension. Sirolimus is a
novel immunosuppressant without nephrotoxic,
neurotoxic and diabetogenic properties, providing
an alternate option for immunosuppression
regimens. We retrospectively reviewed the clinical
course of 25 patients who underwent sirolimus
conversion from tacrolimus because of the presence
of calcineurin inhibitor-induced complications after
liver transplant to evaluate the effectiveness and
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safety of sirolimus monotherapy in liver transplant
recipients.

Materials and Methods

Between October 2005 and December 2008, five
hundred twenty-six liver transplants were performed
in our center. Inclusion criteria in this retrospective
study were (1) having undergone a de novo liver
transplant, (2) having compatible donor-recipient
ABO blood type, (3) having calcineurin inhibitor-
induced complications, and (4) receiving sirolimus
conversion. Twenty-five recipients were enrolled in
this study. We analyzed the medical records of all 25
patients (all male; mean age, 53.1 + 6.3 y). The study
protocol was in accord with the ethical guidelines of
the 1975 Helsinki Declaration, and was approved by
our local institutional ethics committee. Written,
informed consent was obtained from all subjects. The
indications for transplant were cirrhosis secondary to
hepatitis B virus infection (14/25), severe hepatitis
(5/25), primary hepatic carcinoma with cirrhosis
(4/25), and alcoholic cirrhosis (2/25). Twenty-two
patients developed renal dysfunction, defined as basal
creatinine values > 132.6 pmol/L (1.5 mg/dL) in 3
consecutive tests with the exclusion of other possible causes.
The other 3 patients had new-onset diabetes mellitus
after the liver transplant, who received high-dose
insulin therapy (80 to 130 U/d), but blood glucose
levels remained unstable.

Immunosuppressive conversion protocol

A triple immunosuppression regimen consisting of an
IL-2 receptor antibody (basiliximab), tacrolimus, and
steroids was used in all 25 patients. Two doses of
basiliximab (20 mg) were administered
intraoperatively on the fourth day after the transplant.
A dose of 500 mg methylprednisolone was given
intraoperatively and on day 1 after liver transplant,
then 240 mg on day 2, and tapered 10 mg every day. At
the end of the intravenous steroid reduction,
steroids ~ were converted to
methylprednisolone tablets with an initial dosage of
48 mg on day 9 postoperatively, which was reduced
by 8 mg every 3 days and maintained at 4 mg/d
thereafter, until they were completely stopped 3
months after the liver transplant. Tacrolimus was
added on day 4 at an initial dosage of 0.04 mg/kg/d,
and the dosage was adjusted to maintain a trough
level of 6 to 12 ng/mL. Eleven patients took

intravenous

mycophenolate mofetil (MMF) (750 mg twice daily),
which was withdrawn within 3 to 6 months after liver
transplant.

Sirolimus was initiated at a dosage of 4 mg/d after
weeks 4 to 6 after the liver transplant and the dosage
was adjusted to achieve a target trough level of 5 to 10
ng/mL. Simultaneously, the dosage of tacrolimus
used was halved and withdrawn within 1 to 2 weeks
after conversion. At the beginning of sirolimus
conversion, all  patients were still on
methylprednisolone (4 mg once daily). In the 11
patients who took MMF remained on MMF (750 mg
twice daily). And at the end of the follow-up, all
patients were off steroids and MMF, unless they were
being used for treatment of acute rejection.

Follow-up

The serum creatinine (Cr), serum lipids (cholesterol,
triglycerides), blood glucose, liver function tests
(aspartate aminotransferase [AST]/alanine
aminotransferase [ALT]), drug adverse effects, and
acute rejection episodes were evaluated before
conversion to sirolimus at 1, 3, and 6 months, and at
the end of follow-up.

Statistical Analyses

Statistical analyses were performed with SPSS
software (SPSS: An IBM Company, version 13.0, IBM
Corporation, Armonk, New York, USA). Continuous
variables were tested for normal distribution and
expressed as means + standard deviation (SD) or
median (range) as appropriate. The t test was applied
to compare differences between the groups. For all
analyses, a P value < .05 was considered statistically
significant.

Results

Calcineurin inhibitor-induced complications

Twenty-two patients had renal dysfunction at 7 to 32
months after the transplant. In 15 of the 22 patients,
serum creatinine decreased at 1 month after
conversion. In the remaining 7 patients, the serum
creatinine remained stable at the value before
conversion, and no progressive increment was
observed. The average serum creatinine began to
decrease but without significant difference at this time.
At 3 months after conversion, the serum creatinine of
all 22 patients decreased significantly before versus
after conversion. At 6 months after conversion, a
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further decrement was observed. Two patients died of
tumor recurrence at 11 and 18 months after
conversion, while the other 20 patients had stable and
improved renal function at the end of follow-up
(Table 1).

Table 1. Change of serum creatinine before and after conversion.

Time Serum Cr (umol/L)  tvalue P value
Preconversion 163.2 £45.3

1 mo after conversion 143.5+ 441 1.87 > .05
3 mo after conversion 113.2+21.8 5.37 < .05
6 mo after conversion 99.6 +20.8 6.15 < .05
End of follow-up (12 to 50 mo) 101.9 +23.4 6.23 < .05

Three patients developed de novo diabetes
mellitus at 8 to 14 months after the liver transplant and
received insulin therapy. The conversion to sirolimus
was initiated at 13 to 21 months after the liver
transplant when the dosage of insulin had reached 80
to 130 U/d but the blood glucose levels were still out
of control. At 1 month after conversion, hyperglycemia
improved, and the dosage of insulin used was
reduced gradually. Until then, we reported the
patients had been followed for 12 to 28 months, the
dosage of insulin used was 24 to 32 U/d, and the
blood glucose was stable.

Acute rejection episodes

Sirolimus was given to 22 patients at a dosage of 0.5 to
25 mg/d, with blood trough levels of 4.5 to
10.6 ng/mL. Four patients (16%), including 3 with
liver cirrhosis secondary to hepatitis B virus infection
and 1 with severe hepatitis, developed a biopsy-
proven acute rejection within 6 months after
conversion. Two patients were treated by the
readdition of tacrolimus. The other 2 patients were
treated with intravenous steroid bolus therapy, and
then tapered until complete withdrawal. Sirolimus
was not withdrawn in all above 4 cases, and no graft
loss happened because of acute rejection.

Toxicity and adverse effects of sirolimus

During follow-up, 7 patients (28.0%) had
hypercholesterolemia, and 3 were treated with statins.
Eight patients (32.0%) had anemia or
thrombocytopenia and were treated with blood
transfusion and granulocyte colony-stimulating factor.
Nine patients (36.0%) had aphthous ulcers and were
cured by a dosage reduction of sirolimus, vitamin C
administration, and regional treatment. No patient
was withdrawn from the conversion trial.

Exp Clin Transplant

Discussion

Introduction of calcineurin inhibitors has
significantly improved the effectiveness of liver
transplant. However, various adverse effects of
calcineurin inhibitors have undesirable effects on the
quality of life and long-term survival of liver
transplant recipients. The most-frequent adverse
effects of calcineurin inhibitors include renal
dysfunction, neurotoxicity, new-onset diabetes
mellitus, and hypertension. Twenty percent of liver
transplant recipients receiving calcineurin inhibitors
would develop renal dysfunction at 5 years after the
liver transplant.! Withdrawal or reduction of
calcineurin inhibitors can limit the occurrence of
these adverse effects but may yield a higher risk of
acute rejection episodes, which may result in graft
failure or even death.

Sirolimus is a novel immunosuppressant without
nephrotoxic, neurotoxic, and  diabetogenic
properties.? Sirolimus was introduced to liver
transplant to minimize the use of calcineurin
inhibitors recently, especially for reducing
calcineurin inhibitor-induced renal dysfunction.
Sirolimus can limit or even avoid the adverse effects
of calcineurin inhibitors and simultaneously
guarantee adequate immunosuppression.>¢

There are 2 regimens for converting to sirolimus
from calcineurin inhibitors in liver transplant.’> One is
partial conversion by combining low-dose sirolimus
with reduced calcineurin inhibitors, which was used
in most studies of the early trials. The other is
complete conversion by cessation of calcineurin
inhibitors and addition of sirolimus monotherapy or
in combination with steroids and/or MME. We
initiated a research project on partial conversion to
sirolimus in liver transplant recipients with
calcineurin inhibitor-induced renal dysfunction and
satisfactory results were achieved.” This study is to
evaluate the effectiveness and safety of converting
from calcineurin inhibitors to sirolimus monotherapy
among liver transplant recipients with calcineurin
inhibitor-induced complications.

This study summarizes use of sirolimus
conversion in 25 liver transplant recipients who
developed calcineurin inhibitor-related
complications. After conversion, renal function was
significantly improved. In the following 12 to 50
months, the curative effects were stable and no
deterioration of renal function was observed. The
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blood glucose levels of 3 patients with calcineurin
inhibitor-induced diabetes mellitus were under
control after conversion, and the insulin dosage was
decreased, and hyperglycemia was well-controlled
in the 12- to 28-month follow-up. However, some
researchers argue against sirolimus monotherapy
because it may increase the risk of acute rejection. A
rejection rate of up to 75% after sirolimus
monotherapy has been reported.® Therefore, they
suggest that sirolimus should be added to, but not
completely replace, calcineurin inhibitors to reduce
episodes of acute rejection. However, more and more
studies proved that sirolimus monotherapy was safe
and did not increase the risk of acute rejection.> ? In
this study, only 4 in 25 patients (16.0%) developed
acute rejection. Among them, 2 patients received re-
addition of calcineurin inhibitors, and intravenous
steroid bolus therapy was initiated in the other 2
patients. No hormone-resistant refractory rejection
occurred.

The adverse effects of sirolimus include liver
dysfunction, anemia, leukopenia, thrombocytopenia,
hyperlipidemia, aphthous ulcers, and delayed
wound healing.!? Hyperlipidemia is a common
adverse effect in long-term use of sirolimus. In the
current study, 7 patients developed hyperlipidemia
at 6 to 20 months after conversion and were given a
low-fat diet and dosage reduction of sirolimus,
among which 3 cases still received lipid-lowering
drug therapy. Hyperlipidemic patients experienced
increased risk of cardiocerebral vascular accidents.
Therefore, blood lipid levels should be monitored in
patients with long-term use of sirolimus and given
lipid-lowering medications when necessary. Eight
cases developed anemia or thrombocytopenia and
were relieved after blood infusion and medications.
Nine patients developed aphthous ulcers and were
relieved after reducing sirolimus and use of vitamin
C. The US Food and Drug Administration had issued
a warning that sirolimus may increase the risk of
hepatic artery thrombosis and delay wound healing.
But most reports did not show that the application of
sirolimus was associated with increased risk of
hepatic artery thrombosis.!! In this study, no hepatic
artery thrombosis was observed.

In conclusion, in line with most current research,
this study supports that sirolimus monotherapy is

effective and safe in liver transplant recipients. For
patients  with  calcineurin  inhibitor-induced
complications after a liver transplant, sirolimus
conversion can provide enough immunosuppression
and yield a sustained improvement in renal function
and diabetic status without an increased incidence of
acute rejection episodes. Nonetheless, for patients
receiving long-term therapy with sirolimus, adverse
effects should be monitored. Most sirolimus-related
adverse effects are mild and can be well controlled
by adjusting sirolimus dosage and symptomatic
treatment. Further prospective studies should be
conducted to confirm the benefit of sirolimus in liver
transplant recipients with calcineurin inhibitor-
induced complications.
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