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Experience with Neoral versus 
Sandimmune in primary liver transplant 
recipients 

Abstract We compared results 
using Neoral versus Sandimmune, 
each in combination with steroid 
and azathioprine immunosuppres- 
sion, in primary liver transplantation 
recipients. There were 15 patients in 
each group with similar demograph- 
ic distributions. Intravenous cyclos- 
porine was stopped at 3.3 k 1.9 days 
in the Neoral group vs 7.8 f 4.9 days 
in the Sandimmune group 
( P  < 0.025). Cyclosporine levels in 
the first 10 days were higher (mean 
306 ng/ml vs 231 nglml) in the Ne- 
oral group than the Sandimmune 
group ( P  < 0.05). The Neoral dose 
was less than the Sandimmune dose 
(mean 5.5 nglkg per day vs 7.9 nglkg 
per day) to achieve these levels in 
that time period ( P  < 0.05). Two pa- 
tients (13 % ) experienced three epi- 
sodes of biopsy-proven rejection in 
the Neoral group compared to nine 
patients (60 % ) with 12 episodes of 
rejection in the Sandimmune group 
( P  < 0.025). Incidences of neurolo- 
gical and renal complications were 
similar between the groups. Infec- 
tions requiring treatment were also 
similar. Liver function, renal func- 
tion, and marrow function, evalu- 
ated at days 7, 14,21,28, and 2 ,4 ,6 ,  

and 12 months post-transplant, were 
not different between the groups. In 
summary, shorter use of intravenous 
cyclosporine and quicker stabiliza- 
tion of trough cyclosporine levels 
was achieved with Neoral than with 
Sandimmune. In the early post- 
transplant period, higher levels with 
lower doses were achieved with 
Neoral than with Sandimmune. In 
our experience, the incidence of re- 
jection was lower with Neoral than 
with Sandimmune. There were simi- 
lar lengths of hospitalization, mor- 
tality, adverse events, retransplanta- 
tion, and similar liver, renal, and 
marrow function up to 1 year post- 
transplantation. Because of this ex- 
perience, we continued to use Neor- 
al in a total of 59 primary liver 
transplant recipients. We have not 
used intravenous cyclosporine in the 
last 44 patients. Follow-up was a 
mean of 11.4 months, ranging from 
1 to 27 months. The incidence of re- 
jection was 24 % in these 59 patients 
compared to our historical experi- 
ence of 70 % using Sandimmune. 
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leading to variable blood levels and requiring frequent 
monitoring. and dose adiustments 13, 9, 121. The newer Introduction 
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The management of Sandimmune cyclosporine A ther- 
apy is challenging due to inconsistent absorption, bile 
dependence, and lowlunpredictable bioavailability, all 

microemulsion formu1at"ion of cyciosporine A, Neoral, 
has improved and more consistent absorption, leading 
to a more predictable pharmacokinetic profile with a 
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higher peak concentration, earlier time to peak concen- 
tration, higher area under the concentration versus 
time curve, less intra- and inter-subject variability, bet- 
ter correlation of the trough level to the area under the 
curve, and less dependence on food intake and bile 
flow [2, 6,7, 11, 13, 17, 181. There is a need to examine 
the clinical effects of the more consistent exposure pro- 
vided by Neoral compared to Sandimmune in a relative- 
ly homogeneous liver transplant patient population. 
The purpose of this study was to examine Neoral com- 
pared to Sandimmune use in primary liver transplant re- 
cipients, focusing on efficacy (rejection rate) and safety 
(complications, length of hospitalization). 

Patients and methods 
This is a single-center. prospective, comparative open label study 
of 30 patients receiving either Neoral or  Sandimmune as part of 
an immunosuppressive regimen after transplantation. Inclusion 
criteria for this study were age over 18 years, ability to provide in- 
formed consent, stable general medical condition for 2 months 
prior to study entry, and primary liver transplantation as a single 
organ transplant. Exclusion criteria were those undergoing re- 
transplantation, severe coexisting disease, malignancy other than 
incidental hepatocellular carcinoma, and patients who were Unit- 
ed Network for Organ Sharing (UNOS) status one. This study 
was reviewed by the Institutional Review Board of Vanderbilt 
University Medical Center. The study was performed in accor- 
dance with the ethical standards laid down by the 1964 Declaration 
of Helsinki. Informed consent was obtained from all patients prior 
to inclusion in the study. 

All patients received intravenous cyclosporine as a continuous 
infusion immediately postoperatively and the began to  receive 
one of the two oral formulations, Sandimmune or Neoral, as soon 
as they were able to tolerate oral intake. The intravenous formula- 
tion was discontinued as soon as possible after beginning the oral 
medication, tapering to maintain therapeutic blood levels 
(200-300 ngiml). Oral medication was taken at 12-h intervals. 
Other immunosuppressive medications were also administered. 
Azathioprine was dosed at  1.5 mgikg per day but adjusted to main- 
tain white blood cell count at > 5000imm’. Methylprednisonolone 
was given 1000 mg intraoperatively, 200 mg on the first postopera- 
tive day tapering to  30 mg on day 6 and 15 mg at 3-6 months. De- 
mographic data were recorded prior to transplantation. Blood spe- 
cimens were collected and laboratory studies recorded preopera- 
tively and at days 7, 14,21, and 28, and months 2 ,4 ,6 ,  and 12 post- 
transplantation for hematological studies, serum chemistry studies, 
and cyclosporine levels. 

Diagnosis of acute rejection required documentation using 
standard criteria by liver biopsy [I]. Complications and adverse 
events were recorded over a I-year period and included those re- 
sulting in death. disability, prolonged hospitalization, and docu- 
mented infection. Serum chemistries were evaluated to monitor 
hepatic, renal, and marrow function. Patients were followed for 
1 year unless withdrawn due to either death or  retransplantation. 
Follow-up was complete in all patients. Data were summarized 
using mean and standard error of the mean. Nominal data were 
compared by x2 analysis while continuous data were compared by 
Student’s r-test. 

Results 

There were 30 patients, 15 receiving Neoral and 15 re- 
ceiving Sandimmune. The mean age was comparable, 
46 f 11 years in the Neoral group and 41 k 11 years in 
the Sandimmune group. The gender distribution was 
not significantly different, 60% male in the Neoral 
group and 73% male in the Sandimmune group. The 
weight in the 15 patients receiving Neoral was a mean 
of 85 f 13 kg and a mean of 88 f 13 kg in the 15 patients 
receiving Sandimmune. The distribution of underlying 
disease was similar: chronic active hepatitis 10 versus 
12 patients; alcoholic liver disease 2 versus 2 patients; 
fulminant hepatic failure 1 versus 0 patients: primary 
biliary cirrhosis 1 versus 1 patient; and Wilson’s disease 
1 versus 0 patients. The severity of liver disease assessed 
by the Childs-Pugh classification was similar in the two 
groups: Class A 2 versus 2; Class B 6 versus 5; and Class 
C 7 versus 8. Severity assessed by UNOS status was also 
similar between the Neoral and Sandimmune groups: 
status one 0 versus 0; status two 1 versus 0: status three 
8 versus 10; and status four 6 versus 5. The mean 
UNOS status was 3.3*0.6 in the Neoral group and 
3.3 f 0.5 in the Sandimmune group. The distribution of 
ABO compatibility was similar between the groups as 
well: ABO identical 12 versus 15; ABO compatible 3 
versus 0; and ABO incompatible 0 versus 0. 

The immunosuppressive protocols used in the two 
groups were the same. Cyclosporine, azathioprine, and 
corticosteroids were used in 14 patients in each group. 
OKT3 induction was used in one patient in each group. 

Intravenous cyclosporine was stopped at a mean of 
4.3 f 1.9 days in the Neoral group, shorter than the 
7.8 k 4.9 days in the Sandimmune group ( P  < 0.025). 
The dosing of the two study medications and the cyclos- 
porine trough levels in the two groups are demonstrated 
in Fig. 1. 

The initial length of hospital stay was 15 f 9 days for 
the Noral group versus 14 f 6 days for the Sandimmune 
group. The median length of stay was 13 versus 
14 days. After the initial hospitalization, 11 patients re- 
quired 17 readmissions for an average of 6 f 6 days in 
the Noral group: in the Sandimmune group 10 patients 
required 24 readmissions for an average of 7 f 9 days. 

Table 1 demonstrates a lower rate of rejection in the 
Neoral group than in the Sandimmune group 
( P  < 0.025). It also demonstrates fewer episodes of re- 
jection in the Neoral group. No episode of rejection in 
these 30 patients was steroid resistant. The table dis- 
plays the distribution of rejection over time. 

One patient each in the Neoral and Sandimmune 
groups was withdrawn from further study due to death 
on day 6 from right heart failure and on day 9 from car- 
diopulmonary arrest, respectively. Additionally, one pa- 
tient in the Neoral group was withdrawn at day 125 and 
two in the Sandimmune group at days99 and 109 as 
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Fig. 1 Cyclosporine dosing and cyclosporine Levels in the first year 
after primary liver transplantation in patients receiving Neoral or  
Sandimmune. The dose o f  Sandimmune was higher than Neoral 
in the first 2 months, reaching statistical significance in the first 
14 days. Despite the difference in this dosing, cyclosporine levels 
were highcr in the patients receiving Neoral than those receiving 
Sandimmune in the first 10  days but were equivalent for the re- 
maindcr of the first year 

they required retransplantation for hepatic artery 
thrombosis. 

Complications within the first year after transplanta- 
tion were not different between the two study groups. 
Central nervous system and peripheral nervous compli- 
cations were noted in four Neoral and five Sandimmune 
patients. Dialysis was required in no Neoral patient and 
in two Sandimmune patients. The white blood cell count 
did not decline below 3000 in any patient and the plate- 
let count declined below 30000 in two Sandimmune pa- 
tients. Bacterial infections, documented by culture and 
treated by medication, were noted in 13 Neoral patients 
versus 20 Sandimmune patients. Fungal infections were 

Table 1 Rejection in first year after transplantation 

N e or a I Sandimmune P 

Patients 2(13"/0) 9 (60%) < 0.02s 

< 7 days 1 4 
8-14 days 1 4 
14-2X days 0 2 
29-182days 1 2 
182-365 days 0 0 

Episodes 

Total 3 12 < 0.025 

noted in two Neoral patients and in three patients re- 
ceiving Sandimmune. Viral infections were documented 
in six patients receiving Neoral versus ten patients re- 
ceiving Sandimmune. Comparison of hepatic functional 
parameters (Fig. 2), renal functional parameters 
(Fig. 3), and marrow function (Fig. 4) are presented for 
the first year after transplantation. 

Discussion 

The study groups were not different with regard to de- 
mographics, disease as the indication for transplanta- 
tion, severity of liver disease, ABO compatibility or im- 
munosuppressive regimen. There was no difference in 
the number of infections or other complications, in the 
initial length of hospital stay or in readmissions. Both 
cohorts of patients exhibited similar hepatic, renal, and 
marrow function within the first postoperative year. 
However, a difference was found with respect to the re- 
quirements for intravenous cyclosporine. 

The rejection rate was significantly lower when Neor- 
a1 was administered. Both the number of patients suffer- 
ing rejections and the total number of rejection episodes 
were reduced in the cohort receiving Neoral immuno- 
suppression. The lower rate of rejections seen in the 
Neoral group (13 YO), compared to the Sandimmune 
group (60 YO) may be related to increased cyclosporine 
exposure resulting from improved absorption and an 
improved pharmacokinetic profile following Neoral ad- 
ministration. Other investigators have reported a lower 
incidence of rejection with Neoral use in liver transplan- 
tation recipients. In an open-label, multicenter, clinical 
study completed in the United Kingdom, Jamieson [5]  
found a 37 YO rejection incidence in 20 primary liver re- 
cipients receiving Neoral compared to a 70 % rejection 
rate in historical controls receiving Sandimmune. Hem- 
ming et al. [4], reporting their experience in 41 consecu- 
tive liver recipients, found a similar reduction in rejec- 
tion incidence (25 YO versus 65 YO) in a comparative trial 
using Neoral and Sandimmune. In a large study involv- 
ing 166 primary liver transplant recipients, the rejection 
incidence was 30 YO and 66 YO in patients receiving Neor- 
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Fig.2 Comparison of four hepatic parameters in primary liver 
transplant rccipicnts rcceiving Neoral or  Sandimmune. There 
were no statistically or  clinically significant differences in total bi- 
lirubin. prothrombin time, aspartate aminotransferase or  alanine 
aminotransferase within the first year. Although not shown, there 
were also no differences in serum alkaline phosphatase levels with- 
in the first year 

a1 and Sandimmune, respectively [lo]. In another clini- 
cal trial [IS], 25 consecutive primary liver recipients 
were administered Neoral via a nasogastric tube within 
6 h  of transplantation. A reduction in rejection rate 
(24 % vs 52 %) was realized when compared to histori- 
cal controls. Additionally, pharmacokinetic monitoring 
demonstrated that immediate postoperative dosing of 
Neoral was correlated with adequate cyclosporine sys- 
temic exposure within 48 h of surgery. 

Steady cyclosporine levels were achieved more ra- 
pidly with oral administration of the Neoral formula- 
tion, allowing earlier discontinuation of intravenous cy- 
closporine in the Neoral group compared to Sandim- 
mune. Neoral administration included a preoperative 
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dose, 5 mgikg, and a postoperative dose of 10-15 mg/kg 
per day on a twice-daily schedule. This dose range was 
necessary to achieve target trough levels within 48 h 
postoperatively. Cyclosporine levels tended to be higher 
using lower doses in the Neoral group than in the San- 
dimmune group. The Neoral dose was relatively stable 
throughout the study while the Sandimmune dose de- 
creased over the year (see Fig. 1). Cyclosporine is a 
highly lipophilic compound; bile flow [9. 121. gastroin- 
testinal motility [17], and co-administration of food (31 
impact upon its absorption. These limitations in the ori- 
ginal cyclosporine oral formulation (Sandimmune) pre- 
clude its early use following liver transplantation. Ab- 
sorption of the microemulsion formulation (Neoral) is 
less bile dependent and more consistent, thus yielding 
systemic exposures of cyclosporine which are sevenfold 
higher than those resulting from Sandimmune adminis- 
tration [7]. Intravenous cyclosporine may not be re- 
quired after liver transplantation since Neoral is well ab- 
sorbed, even when given via nasogastric tube, thus pro- 
viding smooth cyclosporine induction. This avoids the 
nephrotoxic side-effects and costs associated with intra- 
venous administration of cyclosporine. Subsequent to 
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Fig.3 Serum parameters of renal function in primary liver trans- 
plant recipients receiving Neoral o r  Sandimmune within the first 
year. There were no statistically significant differences between 
the two groups 

this trial, intravenous cyclosporine has not been re- 
quired for 44 liver transplant recipients. Postoperative 
doses of 10-15 mglkg per day in divided doses yielded 
trough levels within the putative therapeutic range. 
The 59 liver transplant recipients receiving Neoral im- 
munosuppression have been followed from 1 to 
27 months (mean 11.4 f 10.0 months) and only 14 of 59 
(24 % ) have suffered allograft rejection episodes. His- 
torically, the rejection incidence occurring in our liver 
recipients immunosuppressed with Sandimmune is 

Investigators have noted the increased absorption of 
Neoral, abrogating the necessity for intravenous cy- 
closporine. Winkler et al. [19] administered incremen- 
tal doses of Neoral under an umbrella of intravenous 
cyclosporine in 20 patients. In the subsequent 30 pa- 
tients, Neoral was administered immediately post- 
operatively at a dose of 12-15 mg/kg per day without 
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Fig.4 Morrow function in primary liver transplant recipients re- 
ceiving Neoral or Sandimmune within the first year. The while 
blood cell count was significantly higher in the Neoral group than 
in the Sandimmune group on days 7 and 14. The  higher platelet 
count in the Neoral group seen throughout the first year did not 
reach statistical significance 
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initiation of intravenous cyclosporine. Only three pa- 
tients in this cohort required intravenous cyclosporine 
therapy to achieve adequate levels. Other investigators 
[4. 15, 161 have corroborated our findings that the ini- 
tiation dose of Neoral postoperatively is 12-15 mg/kg 
per day and that intravenous cyclosporine is typically 
not required. 

The improved immunosuppressive efficacy with 
Neoral use was not associated with a higher rate of unto- 
ward side effects. There are several clinical studies [3.  
15, 191 supporting our findings, reporting similar rates 
of complications after primary liver transplantation 
with the use of Neoral versus Sandimmune. Levy and 
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