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Neoral is a microemulsion formulation of cyclosporin (CyA), which has more consistent and
better pharmacokine tics parameters with improved bioavailability compared to conversional
formulation of Sandimmune . Sixty-four stable adults (age >18 years), who had received liver
transplants (LTx) and were on Sandimmune-based immunosuppre ssion, were converted to
Neoral on milligram for milligram basis. Mean age was 52.5 = 13.5 years and male/female
distribution was 22/42. Mean interval from LTx to conversion was 109.2 £ 136 months. In 13
patients (20%) the dose of Neoral was reduced because of an increase in serum creatinine
(N =9), hyperkalemia (N = 1), headache (N = 1), peripheral parasthesia (N = 1), and a
general sense of discomfort (N = 1). Interestingly, in two patients a decrease in the trough
concentration was observed with the increase in liver enzymes. Both patients responded to an
increase in Neoral dose. The present study suggests while the majority of the stable liver
transplant patients (77%) can be safely converted to Neoral from Sandimmune on a
milligram to milligram basis, they need to be carefully monitored for renal function, liver
function, and trough concentration of CyA.
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Neoral is an oral microemulsion formulation of cy-
closporin (CyA). It has recently been approved by the
FDA for clinical use. Neoral has better pharmacoki-
netic parameters with higher peak (7,,,,) values at a
shorter period of time (Cp,,,) and up to a 50% in-
crease in the area under the concentration curve
(AUC). Thus, Neoral has improved bioavailability
compared to the conventional formulation of Sand-
immune (1). Neoral offers more predictable trough
concentration and less variability in daily trough con-
centration among patients and within the same pa-
tient (2). The aim of the current study was to evaluate
the role of Neoral in stable adult (age >18 years) liver
transplant recipients (LTx) compared to the conven-
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tional formulation of Sandimmune immunosuppre s-
sion. The study examined: (1) Neoral and Sandim-
mune dosage, (2) changes in trough concentration of
CyA, (3) changes in renal and liver function, and (4)
the safety profile of drug conversion from Sandim-
mune to Neoral.

MATERIALS AND METHODS

Sixty-four adult, stable liver transplant recipients on
Sandimmune-based immunosuppression were converted to
Neoral on a milligram for milligram basis. There were 22
men and 42 women. The mean age was 54.5 + 13.5 (range
20-76) years at the time of conversion. The mean interval
from LTx to conversion was 109.2 = 136 (range 12-156;
median 96) months. All patients were followed prospec-
tively by the investigators for 12 months. The Sandimmune
dose, Sandimmune trough concentration, liver function,
renal function (serum creatinine and blood urea nitrogen),
and electrolytes before conversion were recorded. Electro-
lyte, renal function, and Sandimmune trough concentration
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TABLE 1
After conversion *
Before

Interval from conversion conversion* 1 week 1 month 6 months 12 months
CyA/Neoral dose (mg/day) 197.5 195.4 197.9 172.0 175.0
CyA level (ng/ml) 261.5 295.7 253.1 249.6 242.0
Renal function

BUN mg/dl 25.5 26.0 25.0 26.8 26.9

Creatinine mg/dl 1.5 1.42 1.4 1.49 1.46

Serum Potassium 4.3 4.4 4.4 4.4 4.3
Liver function

Total bilirubin (mg/dl) 1.0 0.9 0.9 0.9 1.0

ALT (units/liter) 36.0 36.0 33.5 38.5 41.7

AST (units/liter) 34.8 455 34.6 33.6 37.1

A P (units/liter) 109.0 89.0 109.0 103.0 94.0

GGT (units/liter) 54.0 77.0 98.0 114.0 123.0

* All values are mean values. CyA, cyclosporin; ALT, alanine aminotransferase; AST, asparted amino-
transferase; GGT, gamma glutamyltransferase; AP, alkaline phosphatase.

measurements were repeated at one week after conversion.
Liver function, renal function, electrolytes and Sandim-
mune level were reevaluated at one month and at least
every two months thereafter (more often if clinically indi-
cated) following the conversion. All adverse events were
recorded carefully for next 12 months.

RESULTS

During the study period two patients died at 10 and
11.5 months after conversion (9 and 8 years after LTx,
respectively). These were not considered to be related
to conversion. In 13 patients (20% ) the dose of Ne-
oral was reduced because of an increase in serum
creatinine (N = 9), hyperkalemia (N = 1), headache
(N = 1), peripheral parasthesia (N = 1), and a
general sense of discomfort (N = 1). All thirteen
patients responded to a reduction in Neoral dose of
10-20% . Serum creatinine improved in all nine pa-
tients. Hyperkalemia, headache, parasthesia, and a
general sense of discomfort were resolved. Surpris-
ingly, in two patients there was an increase in hepatic
enzymes. Both patients required an increase in Ne-
oral dose from 75 mg/day to 100 mg twice a day in one
patient, and 125 mg twice a day to 150 mg twice a day
in another patient. Whole-blood trough concentra-
tion of Sandimmune was 302 ng/ml (polyclonal TDx)
and 105 ng/ml (HPLC) before conversion and 211
and 74 ng/ml, respectively, after increasing the Neoral
dose following the conversion. Both patients’ liver
functions normalized. The mean dose of Sandim-
mune before conversion and mean dose of Neoral
after conversion with concentration is shown in Table
1. There was an 11.4% overall reduction in the dosage
at 12 months after conversion. Liver function and
renal function before and after conversion is shown in
Table 1. There was no change in mean serum creat-
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inine, mean blood urea nitrogen, serum bilirubin,
alanine aminotransferse, aspartate aminotransferase,
gamma glutamyltransfe rase, or alkaline phosphatase.

DISCUSSION

Controversy still exists regarding the real benefits
of Neoral conversion in patients who are stable after
LTx. The pharmacokinetic benefits of Neoral over
Sandimmune are more obvious during the immediate
postoperative period, particularly in LTx recipients
who have diversion of bile through T-tube placement
(3-5). Improved bioavailability is of major benefit to
children compared to adults since the metabolism is
faster and often requires prolonged intravenous ad-
ministration of CyA (6-9). Reports of conversion to
Neoral are available in kidney transplant recipients,
and conversion is associated with an increase in se-
rum creatinine and decrease in calculated creatinine
clearance (10). Although the benefits of Neoral in
adult recipients soon after LTx are cited in the liter-
ature, very little information is available on long-term
stable adult LTx recipients (3, 4). In order to deter-
mine the safety of conversion, we developed a proto-
col that required initially frequent monitoring of CyA
trough concentration, renal function, electrolytes, and
liver functions. We followed all patients prospectively
for 12 months and looked for changes in bioche mical
parameters and any new adverse events. Twenty per-
cent of the patients experienced some side effects
possibly related to an increase in bioavailability of
CyA. However, they all responded with a reduction in
neoral doses. Surprisingly, in our study two patients
(3%) had a significant decrease in trough levels, re-
sulting in deterioration in hepatic bioche mical param-
eters. Both responded to an increased Neoral dose.
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Seventy-seven percent of the adult stable liver trans-
plant recipients were safely converted from conven-
tional Sandimmune to Neoral without any adverse
events.
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