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Surmmary

Major advances have been made in the field of organ transplantation in the
last 2 decades. In the early 1980s, cyclosporin made a significant impact in im-
proving graft and patient survival following transplantation. However, acute and
chronic rejection still remained a principal concern.

The introduction of tacrolimus has seen a significant reduction in the incidence
and severity of rejections for heart, lung and liver transplantation. Its ability to
control steroid-resistant rejection occurring on cyclosporin-based immunosup-
pression has been remarkable for kidney, liver, heart, lung and pancreatic irans-
plantation. It also has shown the ability to control chronic rejection in liver
transplant recipients in up to 70% of cases. The need for concomitant use of
corticosteroids has been significantly lower with tacrolimus. The ability of
tacrolimus to be absorbed independently of bile has significantly reduced the need
for prolonged intravenous administration in liver transplant recipients and has
confributed to the success of small bowel transplantation.

Both drugs are nephrotoxic and neurotoxic, effects which are reversible in
most instances. Both drugs have a diabetogenic effect to an almost equal extent.
Hypertension is more common with cyclosporin, while hyperkalaemia is more
cominon with tacrolimus. Higher levels of cholesterol and low density lipoprotein
have been observed with cyclosporin compared with tacrolimus. The hirsutism
and gingival hyperplasia that occur with cyclosporin are not observed with
tacrolimus.

Following the success of kidney transplantation o technical advances

from an identical twin without using immunosup-
pression in 1954, the field of organ (ransplantation
has expanded exponenitally!!?! as gauged by the
various organs which can be transplanted and the
total number of transplantations performed each
year. The major limiting factor currently is supply
of donor organs.!®! The increased transplant suc-
cess can be attributed to:

o increased experience in patient selection and

management

© Adls Intemnationat Limfed, Al ights reserved,

e better organ preservation solutions

@ our increased understanding of the immunology
of graft rejection

o the development of new immunosuppressive
agents.

Initial allogeneic transplantations were done us-
ing antimetabolite agents such as mercaptopurine,
which was shown to inhibit skin graft rejection in
rats,) and later to delay rejection in canine renal
transplantation.>6! A derivative of mercaptopu-
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rine, azathioprine, was found to prolong human
kidney homografts.[] Corticosteroids have been
shown to profong skin graft survival in rabbits.[89]
Tn 1963, Starzl et al.l'"% and Murray et al[1U effec-
tively used a combination of corticosteroids and
azathioprine to achieve success in allogeneic kid-
ney transplantation in humans.!'% 11 The resulis of
their combination of immunotherapeutic agents
enabled the progress of kidney, liver and heart
transplantation in humans during the 1960s and
1970s.

The introduction of cyclosporin in the early
1980s resulted in.a rapid and major expansion in
the field of transplantation, However, a small per-
centage of patients continued to lose grafts due to
acute or chronic rejection. In the late 1980s and
early 1990s, tacrolimus therapy has reduced acute
and chronic rejection. This has enabled successful
intestinal transplantation with the use of tacro-
limus,[17]

1. Propetiies of Cyclosporin
and Tocrolimus

1.1 Physical Properfies

Cyclosporin is produced as a metabolite by the
fungus species Tolypocladium inflatim, and tacro-

OCH,

Tacrolimus

Fig. 1. Structures of tacrelimus and cyclosporin,

© Adls Intemationct Limited. All rights reserved.

A

limus is derived from the soil fungus species Strep-
fomtyces tsukitbaensis. The.molecular mass of cyclo-
sporin is 1202Da and that of tacrolimus is §22Da.
Both drugs are virtually insoluble in water and hex-
ane, but are soluble in methanol, ethanol, acetone,
athyl acetate, chloroform and dimethyl ether.

1.2 Chemlcal Structures

The chemical structures of these 2 compounds
are completely different. Cyclosporin is a neutyal
lipophilic cyclic polypeptide consisting of 11 amino
acids, while tacrolimus is a macrolide lactone with
a hemiacetal-masked o,p-diketoamide incorpo-
rated in a 23-member ting (fig. 1).

1.3 Mechanisms of Actlon

It is interesting that alfhough cyclosporin and
tacrolimus are siructurally dissimilar, they appear
to have similar mechanisms of action. They both
inhibit T cell receptor—stimulated transcription of
lymphokine genes. Cyclosporin and tacrolimus bind
to different intracellular protein families: cyclo-
philins and tacrolimus-binding proteins (FKBPs),
respectively. Both compounds bind to their respec-
tive intracellular immunophilins to form a drug-
binding protein complex which specifically and
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competfitively binds to and inhibits the phosphatase
activity of calcinenrin, which is important in signal
transduction. Both immunosuppressants block the
transcription of early-phase T cell activation genes,
including the c-myc proto-oncogene and the genes
encoding interleukin (IL)-2, IL-3, IL-4, IL-5,
granulocyte-macrophage colony-stimulating fac-
tor (GM-CSE), tumour necrosis factor-o (TNFo)
and interferon-y (IFNy).H'318] They inhibit the pro-
liferative response of T lymphocyies to specific an-
tigens,!-20 resulting in their immunosuppressive
properiies (fig. 2).

2.‘ Medsurement of Drug Conceniration

2.1 Matrix

The concentrations of cyclosporin and tacro-
limus can be measured in serum, plasma and whole
blood.??2241 Although the concentrations in serum
and plasma are the same, the concentration of
cyclosporin in whole blood is twice the plasma
concentration,?®! and that of tacrolimns is more
thap 10 to 50 times higher than the plasma concen-
tration due to extensive binding of these drugs to
exythrocytes.?4

2.2 Cyclosporin

Cyclosporin can be measured by various meth-
ods, Radioimmunoassay with polyclonal antibod-
ies measures the parent compound with ifs metabo-
lites, and the resulting concentration is about 3
times higher than what is measured by high pexfor-
mance liquid chromatography (HPLC), which meas-
ures the parent compound only.?? Radicimmuno-
assay with monoclonal antibodies measures the
parent compound only and the results are compa-
rable with those of the HPL.C method.[26!

Amore rapid method developed by AbboitLab-
oratories uses a fluorescence polarisation immuno-
assay method (Abbott TDx), and both polyclonali?”)
and monoclonall®29] assays are available. How-
ever, concentrations with these assays tend to be
higher than those measured by HPLC. In liver
transplant recipients, when there is hepatic dys-
function, the ratio of metabolites to parent com-

© Adls Infermnational Uimited. All dghts reserved,

Antigen

Cyclospordn
Tacrolimus

Plasma cell

Antibody
« opsonisation
- complement-madiated lysis
- Immune complex formation
«ADCC
« antireceplor antibodlas

Fig, 2. Site of aclion of cyclosporin and tacrolimus during the
immunological process. Abbreviations: ADCC = antibody-de-
pendent cellular cylotoxicity; B = B cell; IFN = Interferon;
IL = interleukin; IL-2R = Interleukin-2 receptor; MHG = major
histocompatibility complax; TCR =T cell receptor; Te = cylotoxic
Teell; Ty =uncommitted T helper cell; Tul =T helper type 1 cell;
Tu2 =T helper type 2 cell (after Thomson et al.,B' with permis-
sion).

pound is increased and concentrations obtained by
polyclonal methodology are more than 3 to 7 times
higher than those of the parent compound, B! It is
clear that the parent compound is active for im-
munosuppressive activity. Cyclosporin metabo-
lites in experimental models are less immunosup-
pressive, and may be toxic.2H

2.3 Tocrolimus

Tacrolimus was initially measured by enzyme-
linked immunosorbent assay (ELISA) in plasma,

Ciin. Immunother. 1996 Moy; 5(8)
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sporin it iz 2 to 4 hours and for tacrolimus it is 0.5 Excretion of eyclosporin into bile is dependent
to 5 hours (fig, 3).14850] on liver function,[58:5% The accumulation of cyclo-
sporin metabolites and the increase of parent com-

3.6 Effect of Bile pound in blood or plasma can give much higher
concentrations when measured by polyclonal anti-

The presence of bile is necessary for the absorp-  podies.[2050] An increased ratio between plasma
tion o’ cyclosporin, and without it absorption is  concentrations and bicassay has been observed
extremely poor. This has major therapeutic impli-  with tacrolimus, ¥ and an increase in tacrolimus

cations in liver transplant recipients, who often  metabolites with liver dysfunction has also been
have a biliary reconstruction which drains bile ex- repotted recenily. 61

ternafly.[334 Tacrolimus absorption occuss inde-

pendentily of bile, and external drainage of bile 3.8 Drug Inferactions

does not affect its pharmacokinetic profile.[s2]

However, the microemulsion form of CYCIO—. Drugs that stimulate the cytochl’ome P450 en-
sporin (Neoral®} is absorbed in the absence of bile; zyme system will lower the concenfration of both
higher peak concentrations and greater area under  ¢yclosporin and tacrolimaus, while drugs thatinhibit
the concentration-time curve have been achieved  the cytochrome P450 system will raise the con-
without significant changes in trongh concentra-  centration of the drug, as shown in table 11,6270
tion as compared with administration of similar
doses of conventional formulations of cyclo- 4. Therapeuiic Effecis |
sporin,55.56]

4.1 Liver Transplantation

3.7 Effect of Hepatic Dysfunction
4.1.1 Cyclosporin

Since both cyclosporin and tacrolimus are me- The introduction of cyclosporin for liver trans-
tabolised by the liver, liver dysfunction prolongs  plantation increased patient survival friom 30 to
the half-life and slows the clearance of both  35% at 1 year on azathioprine/corticosteroids to 60
drngs.[5%:58 Higher plasna or blood concentrations  to 70%,17 and 5-year survival rates were also sig-
with lower doses of drugs may thus occur (fig. 4).  nificantly better."21 85% of surviving adults could

fl
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Flg. 3. Kinetic profiles following intravenous and oral administration of cyclosporin and tacrolimus. (Left) Whole blood concentration
by high parformance liquid chromatography (note legarithmic scale) versus time after administration of a single dose of eyclosporin
3.2 mgrig intravenously or 17,3 mg/kg orally (from Ptachcinsld et al. =9 with permisslon). (Right) Plasma concentration versus tima
after administraion of a single dose of tacrolimus 3mg Intravenously or 9mg orally (from Venkataramanan et al., " with permission).
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and the plasma concentration measured was de-
pendent on the temperature at which the plasma
was separafed from the whole blood. Concentra-
tions at 37°C (body temperature) were almost
twice those of plasma separated at 21°C (room
temperature). The ELISA was also used to measure
whole blood concenirations.334 Zeevi et al.*3!
developed a bioassay to measure the total immuno-
suppressive plasma concentrations of tacrolimus in
liver transplant recipients, and have shown a clin-
ical correlation, 35361

Recently, Abboit Laboratories has developed
the IMx method for measurement of tacrolimus
concentrations in whole blood samples.3’] The rel-
aitve difference in blood and plasma concentrations
is influenced by haematocrit, total drug concentra-
tion and temperature of blood separation,[43338]

3. Phormacokinefics

Table I summarises the pharmacokinetics of cyclo-
sporin and tacrolimus.

3.1 Metabolism

Both drugs are metabolised by the cytochrome
P450 11 system, and the rate of metabolism de-
pends on liver function and associated drugs which
can interfere with cytochrome P450 metabolism.
Several metabolites of cyclosporin have beeniden-
tified.39-43] Tacrolimus metabolites have been ob-
served in the hlood, bile and urine of recipients
following liver transplantation.[6]

3.2 Volume of Disfributlon

Both drugs are extensively distribated, and have
a large volume of distribution of 3.5 to 11.1 Likg
for cyclosporin and 17 (vange 5 to 65) L/kg for
tacrolimus, based on plasma concentration,#7-30]

3.3 HalfLife

The mean terminal disposition half-life of cyclo-
sporin is between 5 and 12 hours, while that of
tacrolimus i$ between 5.5 and 16.6 hoors, How-
ever, the half-lives of both cyclosporin and
tacrolimus are widely variable and are particularly

© Adls infernationat Umited, All ights reserved.

Tahle I. Pharmacokinetic properties of cyclosporin and facrolimus

Properiles Cyclosporin - Tacrolimus

Plasma versus whols blood 1:2 1:10(range

conceniration ratlo 1:11to1:50}

Primary site of metabolism CYP CYP

Volume of distribution based on 3.5-11.1 5-65

plasma (L/kg)

Haif-life (h) 512 5.5-16.6

Clearance (L/h/kg}

blood 0.27 0.08 (ranga
0.03-0.09)
plasma 0.47 1.8 {range

0.42-6.18)

Abserption of ora! dose (%) 5-89 587

tax (h) 2-4 0.5:5

Absorpticn depends on bile Yes No

Hepatlc dysfunction affects Yes Yes

metabolism

Higher dosage in children Yos Yes

{bodywelght basis}

Effect of dialysis on None Nene

cencentration '

Abbreviations: CYP = liver cytochrome P450; fmax = fime to reach
maximum concentration afier administration.

prolonged in the presence of hepatic dysftnc-
tion, [48,50,523

3.4 Clearance

The mean blood clearance for cyclosporin is
0.12 to 0.78 L/h/kg (2 to 13 ml/min/kg). The blood
clearance of tacrolimus is 0.06 (range 0.03 t¢ 0.09)
L/h/kg and the plasma clearance is (.42 to 6.18
Lihvkg (7 to 103 mi/min/kg).5U Both drugs have
low clearance in the presence of liver dysfunc-
tion.[30:32]

3.5 Oral Absorption

Oral absorption of both drugs is poor and in-
complete, with wide variation. The mean absoip-

. tion of cyclosporin is 30% of the oral dose (range

of 5 to 89%), while that for tacrolimus is 25%
(range of 5 to 67%). The time to reach peak con-
centrati_on {tuax) also varies greatly: for cyclo-

Clin. Immunoihar, 1996 May: 6 (8)
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Fig. 4. Effect of abnormal liver functich on plasma concentrations of tacrolimus. The figures show plasma concentration versus time
after intravenous administration of tacrolimus 0.15 mg/kg elther (feft) s an Infusion over 2 hours {from Jain et al, /52 with permission)
or (right) as a continwous infusion over 24 hours (from Jain et al.,[*8% with permission).

resume their normal activity. Children, however,
required higher dosages of cyclosporin {73-73]

4.1.2 Rescue Therapy with Tacrofimus

Clinical trials of tacrolimus began in March
198906771 in liver (ransplant recipients who were
experiencing acute or chronic rejection. Patients ex-
periencing nephrotoxicity or severe hypertension
while receiving cyclosporin were also included in
the study. Significant improvements in biochemi-
cal and histological findings were noted, with a
biochemical response rate as determined by liver
function tests (bilirubin, ALT, AST) of up to 70%.
Demetris et al."871 geported a better histopatha-
logical response to tacrolimus in the early stages
of chronic rejection, which was sustained in the
long term.

The US Multicenter Tacrolimus Study Group
and other centres confirmed these findings.[80-86]
These studies showed that the use of tacrolimus led
to marked improvement in liver function and pei-
formance status and a lower incidence of hyper-
tension with reduced use of corticosteroids.[87.88
Similar results have been reported in paediatric
populations, 89901

4.1.3 Primary Therapy with Tacrolimus

In 1990, Todo et al. first reported the use of
tacrolimus in primary liver transplant recipients, 1]
Later in the same year, a larger series of 110 pa-

© Adis Infemationaf Limited, All ights reserved.

tients was presented at the 13th International Con-
gress of the Transplantation Society.P% An in-
creased incidence of freedom from rejection was
clearly seen in primary liver transplant recipi-
ents.[?® Recenily, a larger study of 1391 consecu-
tive patients from a single institute has been pub-
lished, showing improvement in patient and graft

Table II. Drug interactions with cyclosporin and tacrolimus

Interacting drug Effact on concentration of
cyclosporin 1acrelimus
Ketoconazole T T
Erythromycin T 11
Fluconazole T T
Verapamil T «?
Clofrimazole T T
[tracenazole T T
Danazof ) T
Bromaocripting T i
Methylprednisolone T T2
Metoclopramide T Te
Nicardiping T Te
Phenytoin H $
Phencbarbifone 1 a
Carbamazepine 3 42
Rifampicin (rfampin) 4 12
Ticlopiding § ia

a Not reported in literature but would be predicted from known
data.

Symbals: Tto TTT indicate siightly to signficantly increased; | to
Ll Indicate stightly or moderately decreased; » indicates
unchanged.

Cin. lmmunother. 1996 May; 5 (5)
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survival and reduced use of corticosteroids and
antihypertensive medications,[®4]

Three separate randomised trials have been con-
ducted to study the efficacy of tacrolimus versus
cyclosporin in primary liver iransplant recipients:
{i} University of Pittsburgh (single centre: 154 pa-
tients); 371 (if) Buropean Tacrolimus Multicentre
(8 cenires: 545 patients);8 (iii) US Multicenter
Tacrolimus Liver Study Group (12 cenires: 529 pa-
tients).[??1 All 3 studies have shown a significantly
lower incidence of rejection under tacrolimus. In
the Pittsburgh trial, a large percentage of patients
were switched from cyclosporin fo tacrolimus,
mainly for persistent rejection. Patient and graft
survivals were not different with intent-to-treat
analysis, leading to 1-year patient and graft surviv-
als of 91 and 91% with tacrolimus and 88 and 86%
with cyclosporin, respectively; however, some of
the grafts in patienis receiving cyclosporin who ex-
perienced refractory rejection may have been lost
if not rescued by tacrolimus.

There were some differences between the Pitts-
burgh tzial and the 2 multicentre trials: (i) the start-
ing dosages of tacrolimus used in the multicentre

Adjustmants by permission

trials were higher than that usually used in Pitts-
burgh; (ii) at the initiation of the trials, daily mon-
itoring of tacrolimus concentrations was not
readily availabie at any of the 20 participating cen-
tres; (iii) patients randomised to cyclosporin in-
variably received higher dosages of concomifant
corticosteroids, with or without simultaneous use
of azathioprine and/or antilymphocyte prepara-
tions 110 In addition, the primary end-point in the
Pittsburgh trial was freedom from rejection, while
that for the multicenire trials was patient and graft
sarvival.

One-year patient and graft survivais in the Eoro-
pean trial were 82.9 and 77.5% for tacrolimus ver-
sus 77.5 and 72.6% for cyclosporin. The acute re-
jéction—free rate was higher in the tacrolimus
group: 56.6% versus 46,4% for cyclosporin (p
= 0.004). The refractory rejection rate was 0.8%
with tacrolimus versus 5.6% with cyclosporin
{p = 0.005), and the chronic rejection rate was 1.5%
with tacrolimus versus 5.3% with cyclosporin
(p = 0.032), despite higher concomitant nse of cor-
ticosteroids and/or azathioprine in the cyclosporin
arm. The infection rate for patients receiving

n=1 n=10 n=1
Ad hoc dosage adjusimenis

Fig. 5. Protacol design of US multicentre trial of tacrolimus versus cyclosporin, showing concomitant higher use of corticosteroids,
azathloprine and antilymphocyte globulin (ALG) at various cantres using cyclosporin (from Starzl el al.,[%! with permission).

® Adls International Limited, All Aghis reserved. Clin. Immunother. 1996 May; § (5)




Cyclosporin and Tacrolimus in Clinical Transplantation

359

T ST LT R T e e e T M R T

- -~ Tacrolimus
— Cyelosporin
L0017 () Rejection 1 (i) Refection 1 ) Rejaction 1 © Rejection
(i)Death, (i} Death, (i) Death,
refransplantalion retransplaniation retransplantation
0.754 | 1 (iiyAdverse-avent 4 (i} Adverse-event
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withdrawat
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withdrawal
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Fig. 6. Reanalysis of US mutticentre trial of tacrofimus versus cyclosporin using various undesiabla and-points {from Starz! et aL.“OO] with

permission).

tacrolimus was lower (p = 0.005). Although more
patients receiving tacrolimus experienced oliguria
during the immediate post-transplant period, the
serum creatinine concentrations of both groups at
the time of discharge were not much different.
There was no difference in the use of insulin or oral
hypoglycaemic agents between the 2 groups. Trem-
ors were most conunonly reported in patients re-
ceiving tacrolimus, whereas there were no major
differences in other newrological events.

In the US multicentre trials, actuarial 1-year pa-
tient survival, by infent-to-treat analysis, was 88%
for both groups of patients, whereas graft survival
was 82% for tacrolimus-treated and 79% for cyclo-
sporin-treated patients. Overall, 22 cyclosporin-
treated patients with refractory rejection were
switched to tacrolimus, 19 of whom sutvived with
their original grafts, Rates of acute rejection, ste-
roid-resistant rejection and refractory rejection
were 68, 19 and 3% with tacrolimus versus 76, 36
and 15% with cyclosporin (p < 0.002, < 0.001 and
< 0.001, respectively). As illustrated in figure 5,
patients in the cyclosporin arm received higher
dosages of corticosteroids (at all 12 centres), aza-
thioprine (at 11 centres) and antilymphocyte prep-

@ Adis Infernaflonat Limited. All rights reserved,

arations (at 1 centre).l!% In total, 14.1% of patients
receiving tacrolimus were withdrawn from the
study, mainty for neurotoxicity and nephrotoxicity,
whereas 4.9% of cyclosporin-treated patients were
withdrawn from the study (by the protocol design,
conversion from tacrolimus to cyclosporin because
of adverse events was allowed, but not cyclosporin
to tacrolimus). Reanalysis of the US multicenire
trial for undesirable endpoints [(i) rejection; (ii) re-
jection, retransplantation or death; (iif) rejection,
retransplantation, death or adverse event requiring
withdrawal of the drug; or (iv) rejection, retrans-
plantation, death or withdrawal of the drug for any
reason] showed significantly better results with
tacrolimus compared with cyclosporin (fig, 6).[160]
Lack of efficacy was observed in 12% of cyclo-
sparin-freated patients versus 2.3% of tacrolimus-
treated patienis. At 1-year follow-up, no differences
in the mean serum creatinine level or glomerular
filtration rate were observed between the treatment
groups.

In both the European and the US multicentre
studies, patients were swiiched from the tacro-
limus to the eyclosporin arm, predominantly due
to neurotoxicity, and from the cyclosporin to the

Ciln, Immunother. 1996 May: 5(6)
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tacrolimus arm, predominantly to control rejection.
However, in both siudies, a higher incidence of
neurotoxicity in the tacrolimus arm was noticeable,
which may be because higher dosages of tacro-
limus than in the Pittsburgh trial were used and
monitoring of the drug concentration was not
prompily available.19% In another study from the
Pittsburgh group,!'?! a switch-over rate from tacro-
limus to cyclosporin of approximately 2.5% of
liver transplant recipients for neurotoxicity and
other reasons has been reported. Over 75% of these
patients were switched back to tacrolimus withou!
recurrence of the events. It will be interesting to
note in the futore how many patients in both the US
and Huropean multicentre {rials eventually will re-
main on tacrolimus or cyclosporin beyond 1 year.
Significantly less need of retransplantation under
tacrolimus compared with cyclosporin has been
reported by Takaya et al.t0%]

MeDiarmid et al.[1%3] has also compared the ef-
ficacy of tacrolimus (30 patients) with that of cyclo-
sporin (20 patients) for primary immunosuppres-
sion after paediatric liver transplantation. Patient
and graft survival rates were almost identical, but
freedom from rejection under tacrolimus was much
higher. The need for antilymphocyte preparations
and the cumulative dose of corticosteroids were
lower in tacrolimus-treated children compared with
cyclosporin-treated children.

A pharmacoeconomic analysis by Lake et al.['04]
of the US multicentre trial has shown a significant
economic advantage of tacrolimus over cyclosporin.

4.2 Kidney Transplantation

4.2.1 Cyclosporin

In the initial trial on cyclosporin by Calne et al.
in 1979,[105.1068] the pephrotoxicity of the drug was
not realised during the early period of the trial and
thus many patients received relatively high dos-
ages of cyclosporin, contributing to significant
toxicity of the drug. Subsequently, Boropean and
Canadian multicentre trials showed significantly
improved 1-year patient and graft survival with the
use of cyclosporin plus corticosteroids. (1971081 Sys.
tained improvement in patient and graft survival at
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3 years from a Canadian study and at 5 years from
a Buropean study has been reported,['0%-11] Ty
paired, but stable, renal function without evidence
of progressive nephrotoxicity in long term (3to 5
years) studies with cyclosporin has also been re-
poited in a large series from various centres, 1% 114
Much lower dosages of cyclosporin (8 to 12
mglkg/day} in combination with azathioprine and
low dosage corticosteroids have been used in clin-
ical trials,[!15116] although reduction in cyclosporin
dosage in the long term has been reported to lead
to late acute rejection!!'”) and may cenfribute to
chronic rejection.[''8 1191 A maintenance dosage of
>4,0 mg/kg/day has been recommended,!!20-122]

4.2.2 Rescue Therapy with Tacrofimus
Jordan et al.l'?3.124] haye shown that up to 70%

of patients on cyclosporin with acute rejection re-
fractory to corticosteroids and antilymphocyie anti-
body can be rescued by tacrolimus. The dosage of
corticosteroids could be lowered in these patients,
with a consequent improvement in hypertension.
In another centre, 95% of the 20 antilymphocyte
anfibody—treated rejections in renal allografts were
salvaged with tacrolimus, [125]

4.2.3 Primary Therapy with Tacrolimus

Starzl et al.l'26] reported the use of tacrolimus
with low dosage corticosteroids in 36 high-risk
renal transplant recipients. Patient survival was
04% and graft survival was 81% after 3 io 13 months
follow-up. The Japanese multicentre phase IT triall!?7]
has shown a 3-year patient survival of 100% and
graft survival of 91.2% for living-related kidney
trangplantation with tacrolimus. They also reported
a 3-year patient survival of 95.9% and graft sur-
vival of 79.4% for cadaveric renal transplantation
with tacrolimus. Similar resulis have been ob-
served in a phase 11 Japanese multicentre kidney
transplant trial.[128]

Paediatric en bloc kidney transplantation (i.e.
transplantation of both donor kidneys together with
donor inferior vena cava and aorta into a single re-
cipient) with cyclosporin has a greater rate of graft
failure due to technical and immunological rea-
sons.['?%] Tlowever, improved results have been
noted with facrolimus,[130]

Clin. Immimnoiher, 1996 Moy: 58




361

Cyclosporin and Tacrolimus in Clinical Transplantation

In 1991, Jensen et al.['31 described 16 paediat-
ric renal transplants under tacrolimus-based im-
munosuppression, with 100% patient survival and
94% graft survival during the follow-up period of
1 to 15 months. Subsequently, in 1994 Scandebury
et al.[132 described a 4-year experience with 62
paediatric kidney transplants (63 grafts) under cyclo-
sporin (32 children, 33 grafts) and tacrolimus (30
children and grafts). Although there was a slightly
higher rate of rejection under tacrolimus-based
immunosuppression compared with cyclosporin,
more children were weaned off corticostercids in
the tacrolimus group.

Shapiro et al.l"*3] reported the use of facrolimus
compared with cyclosporin in clinical kidney
transplantation (436 grafts in 425 recipients). Pa-
tient and graft survival at | year was 94 and 77%
for cyclosporin versus 90 and 74% for tacrolimus,
respectively. However, the tacrolimns group of pa-
tients had lower numbers of living-related donors
and higher percentages of previously failed grafts.
Although the incidence of rejection episodes was
the same in tacrolimus- and cyclosporin-treated re-
cipients, the histological findings revealed a more
severe degree of rejection with cyclosporin.[!36]
44% of patients receiving tacrolimus could be
weaned off corticosteroids completely, whereas all
the patienis receiving cyclosporin were maintained
on corticosteroids.l33! A lower incidence of, and
less severe, hypertension in the tacrolimus group
was an important benefit, as well as the absence of
gingival hyperplasia and hirsutisim.

In another randomised study by Shapiro et
al.,l133] the combination of tacrolimus and cortico-
steroids (double drug) was compared with tacro-
limus, corticosteroids and azathioprine (friple drug)
in 395 patients. The study showed no significant
difference in survival, with overall patient surviv-
als of 90 and 93% with graft survival of 89 and 83%
at 1- and 2-year intervals, respectively. There was
a trend to decreased incidence of rejection and
reduced use of corticosteroids in the triple drug—
treated patients.

In another molidcentre kidoey transplant trial
with tacrolimus in 92 recipients, patient and graft
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survival of 98 and 93.7%, respectively, at 1 year
has been reported,[139]

4.3 Heart Transplantation

In early 1980, the introduction of cyclosporin
resulted in an improvement in cardiac transplanta-
tion survival to 80 and 77% at | and 2 years, respec-
tively, 137138 Improvements in surgical technique,
organ preservation and a reduction in corticosteroid
use led to further improvements in graft and patient
survival.[3% 10 However, many patients who sur-

- vived at 2 years had impaired renal function with
hypertension. Changes in clinical protocols in-
clude triple or quadruple drug therapy, consisting
of cyclosporin, azathioprine and corticosteroidst!4!}
with or without induction by antilymphocyte anti-
bodies.[*2] Quadruple therapy seems to have the
ability to delay the first episode of rejection.

Steroid- and antilymphocyte antibody-resistant
cardiac rejection during cyclosporin-based im-
munosuppression can be successfully rescued with
tacrolimus in both children and adults.f43-145] Tacro-
limus therapy in primary heart iransplantation has
been reported, with patient survival of 92% at 1
year in the adult population and 82% in the paedi-
atric population at 1 to 3 years. While these surviv-
als are comparable to those with cyclosporin, free-
dom from rejection at 90 days was higher with
tacrolimus (40% in adults and 60% in children),
with a lower incidence of hypertension (54% with
tacrolimus compared with 70% for cyclosporin) in
adults.['43-146 Tmproved quality of life under tacro-
limus has been reported by Dew et al.[147]

4,4 1ung Transplantation

The combination of cyclosporin, azathioprine
and prednisone wiih the use of antilymphocyte
globulin has led to 1-year patient survival of
65% in 198511481 and up to 70% in 1992.1149 Using
various immunosuppressive protocols, Griffith et
aLl¥ yeported a reduced incidence of refection
with tacrolimus without using antilymphocyte anii-
hodies, When antilymphocyte antibodies were added
to a cyclosporin regimen, the incidence of rejec-
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tions was reduced from 3 per patient to 2 per pa-
tient.

Inn a prospectively conducted randomised trial
using cyclosporin plus azathioprine versus tacro-
fimus at the University of Pittsburgh, significantly
better graft survival was seen in the tacrolimus
group (80%) compared with the cyclosporin group
(69%).1°11 36% of patients in the cyclosporin arm
weie switched to tacrolimus to control steroid/
muromonab CD3 (OKT3)-resistant rejection. In
addition, the rejection-free rate in the tacrolimus
arm was higher compared with the cyclosporin
arml,

A longer follow-up (>2 years) with a larger pa-
tient population {cyclosporin 67, tacrolimus 66) of
this triall'>!) hag been reported.[52, There was a
trend towards increased survival with a lower rate
of acute rejection in the tacrolimus group. Of the
67 cyclosporin-treated patients, 13 (19.4%) were
switched to tacrolimus, mostly to control steroid-
resistant rejection, More importantly, significantly
fewer patients {p = 0.025) developed obliterative
bronchiolitis, the histological manifestation of
-chronic rejeciion, under tacrolimus,

4.5 Pancregtic Transplantation

Simultaneous kidney and pancreatic transplan-
tation or liver and pancreatic transplantation under
cyclosporin have been performed successfully. (152
A triple drug therapy regimen consisting of cyclo-
sporin, azathioprine and corticosteroids is usually
employed, and induction with antilymphocyte an-
tibodies has also been reported to decrease rejec-
tion rates,[154

In 1 series,['%] tacrolimus has been shown to
reverse refractory acnte rejection and prevent the
further progression of chronic rejection in pancre-
atic transplantation with cyclosporin. The Tacro-
limus Pancreatic Transplant Cooperative Study
Group has shown that tacrolimus is effective for
both primary and rescue therapy.l!%¢ Surprisingly,
no diabetogenic effect was observed in the 72 pa-
tients treated. Also, no pancreatic grafts were lost
due to rejection at 4 months when tacrolimus was
used as a primary therapy (n = 37).
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4.6 intesiinad Transplantation

Only a small number of patients have received
intestinal transplantation successfully with cyclo-
sporin.3-139 The application of tacrolimus in iso-
fated small bowel transplantation, small bowel with
liver alone or multivisceral fransplantation has led
to a 1-year graft survival of 67% and patient sur-
vival of 78%;1169.16t1 909, of the survivors are on
oral nutrition only.l'8] The rate of rejection and
cytomegalovirus infection has been higher com-
pared with liver transplantation alone.[163.[64] Ap.
sorption of tacrolimus from the transplanted bowel
has not been much different from that in recipients
of other organs with native bowels, 155

5. Clinica Efficacy

5.1 Acute Rejection

Most reports on liver,[93:98-100] feqp[143,144,146)
and lung!*3L152 transplantation have shown de-
creased incidence and less severe rejection epi-
sodes under facrolimus compared with cyclo-
sporin-based immunosuppression (table IIT), The
rejection rate in kidney transplant recipients has
been the same in 1 series,[133] but the histopatho-
logical severity of rejection under tacrolimus was
lower.!'3# In another multicentre randomised study
of kidney transplant recipients, the incidence of re-
jection under tacrolimus-based immunosuppres-
sion was significantly lower compared with cyclo-
sporin-based immunosuppression.t!3%!

5.2 Chronlc Rejection

Alower incidence of chionic rejection has been
reported under tacrolimus-based immunosuppres-
sion in early trials of liver transplantation,[?%:166]
The incidence of chronicrejection resulting in graft
loss or death in a larger study growp of primary liver
transplant recipients after 1 to 5 years follow-up
has been approximately 1% (our unpublished cb-
servations). Similarly, a prospective randomised
frial of lung transplantation has shown a signifi-
cantly lower incidence of obliterative bronchiolitis
(a histological manifestation of chronie rejection)
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Table lIl. Glinical efficacy of cyclosporin and tacrofimus

Efiicacy crileria Cyclosporin Tacrolimus
Incidence of acute rejection
liver + +
heart +H +
lung =+ +
kidney + +H
Severity of rejection
liver + +
heart +H +
lung + +
kidney + +
Freadom from corlicostercids at 3 1o 4 menths post-fransplant
liver + Ht
heart + ++
lung + +
kidney + +H
Ability fo control acute rejection on optimum cyclosperin-basad
regimen
fiver Yes
kidney Yes
heart Yes
lung Yes
pancreas Yes
Abfity ta control established chronic rejection
lver No Yes
kidney No No
pancreas No Yes
heari/lung No Unknown

Symbols: + indicates mild; + indicates moderate; +++ indicates
severe.

over time in tacrolimwus-treated compared with
cyclosporin-treated patients.[121

The impact of tacrolimus on chronic rejection
in kidney transplant recipients has not been clearly
defined. However, Gjertson et al,,f'67] analysed -
United Network for Organ Sharing kidney trans-
plant registry data from 1938 to 1994, consisting of
38 057 first cadaveric kidney transplants from 224
centres in the US. They predicted a significantly
prolonged half-life of kidney allografts with tacro-
limus (14 years) versus cyclosporin (8 to 9 years).

Currently, no such data on chronic rejection in
heart transplantation are available,

5.3 Rescue Therapy

Tacrolimus has been shown to reverse acute re-
jections in liver,[77-85.168-1701 kjdiney,[123-125 heayt, [143-1451
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lungl'3h.1521 and pancreaticl!5%!36] transplant recip-
ients. It appears to improve chronic rejection in
tiver transplant recipients’7#*l and halt the progres-
sion of rejection in pancreatic transplant recipi-
ents. 1551361 Tt cannot reverse the established chronic
rejection in renal allograits, and no data are avail-
able on chronic rejection in heart and lung trans-
plant recipients.

5.4 Corticosteroids and
Anfilymphocyle Antibodies

The need for concomitant vse of corticosteroids

“and antilymphocyte antibodies has been signifi-

canily lower in all primary liver,P85%103] Lid-
ney, 132 heart!3] and langl!¥% teansplant recipients
receiving tacrolimus compared with cyclesporin.
Also, the dosage of corticosteroids could be re-
duced after successful rescue therapy with tacro-
limus, resulting in improvement of cushingoid fa-
cial appearance.t!?»124] At the same time, it should
be noted that although the majority of the centires
used baseline corticosteroids routinely with cyclo-
sporin, there are reports of good renal graft sur-
vival with cyclosporin monotherapy, with equal or
lower incidence of infection.t/71-174]

6. Therapauiic Dosoige Adjustiment

4.1 Infravenous and Oral

The oral dosage requirements are about 3 to 4
times higher than the intravenous dosages for both
cyclosporin and tacrolimus, since oral absorption
is incomplete.5%73 Longer periods of intravenous
therapy are necessary in cyclosporin-based therapy
compared with tacrolimus-based therapy, due to
poor absorption during the early postoperative pe-
riod following liver transplantation, #8175 The Bu-
ropean study has shown that vral use of tacrolimus
in the immediate postoperative period eliminates
the need for intravenous administration following
liver transplantation.[!76]

6.2 Children

Children metabolise both cyclosporin and tacro-
limus faster than do adults, as in this population the
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drug half-life is shorter and clearance is faster.
Hence, on average they require twice the adult dos-
age based on bodyweiglt.[103,175-180]

6.3 Externai Bile Drcinage

The absorption of cyclosporin is dependent on
availability of bile in the gut,P?! but tacrolirus is
absorbed independently of bile. 5 Higher dosages
of cyclosporin may be necessary to achieve thera-
peutic concentrations in individuals with external
bile drainage, and intravenous administration may
even berequired. No such adjustment is necessary
with tacrolimus. However, the microemulsion for-
mulation of cyclosporin is reported to be absorbed
independently of bile.56!

6.4 Liver Dysfunctlon

Liver dysfunction impairs the metabolism of
both cyclosporin and tacrolimus.5%32f Hence, sig-
nificant decreases in dosages are necessary for both
cyclosporin and tacrolimus in the presence of he-
patic dysfunction.°%!81] With prolonged impair-
ment in metabolism, careful drug monitoring is ex-
tremely important.

4.5 Transplanted Organ

The mean tacrolimus dosage in renat transplant
recipients(13%136 ig higher compared with the mean
dosage in liver transplant recipients.['82] Kidney
transplant recipients seem (o tolerate a higher dos-
age with relatively less toxicity compared with
liver and heart iransplant recipients. Small bowel
transplant recipients reject more frequently and
need higher dosages of tacrolimus. 163 Similar data
are not well documented for cyclosporin.

6,6 Dicilysls

Neither cyciosporin nor tacrolimus are dialys-
able, and hence no change in the dosage is neces-
sary when patients are on haemodialysis.[8]

6.7 Drug Moniforing

‘There is a wide variation in the absorption of
cyclosporin and tacrolimus in both children and
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adults.[175-179] The 1ate of metabolism varies with
liver function and the presence or absence of cer-
tain drogs. In addition, there appears to be a coire-
lation:between concentraiions of both drugs and
the incidence of certain major adverse events, e.g.
nephrotoxicity! 83181 and neurotoxicity. In order
to achieve the correct therapeutic dosage in frans-
plant recipients, it is important to monitor the drug
concentration, anticipating the above changes for
both tacrolimus and cyclosporin.

Daily trough concentrations in the immediate
postoperative period are useful, particularly to avoid
nephro- and neurotoxicity.['# Backman et al.,[184
in 59 liver recipients, found increased toxicity with
tacrolimus whole blood concenirations >25 g/l
and plasma concenirations >1.3 pg/L. Recipients
with persistent plasma concentrations <0.2 pg/L
were more prone to acute rejection. Consequently,
tacrolimus plasma concentrations of 0.4 to 1.2
ng/l are recommended following liver transplan-
tation. The corresponding whole blood trough con-
centrations would be approximately 8 to 24 pg/L.

For cyclosporin-treated patients a therapeuiic
range of whole blood trough concentrations of par-
ent compound of 150 to 350 pg/l. has been recom-
mended,!'®5] which would be approximately 400 to
1200 pg/L when measured by polyclonal assay.

As pointed out in section 6.5, kidney and heart
transplant recipients seem to need higher dosages
and higher concentraiions compared with liver
transplant recipients,(18! Small bowel transplant
recipients also require higher dosages and blood/
plasma concentrations.[!63-163]

7. Acdlverse Effects

7.1 Neurotoxicity

Both cyclosporin and tacrolimus exhibit a vari-
ety of neurclogical adverse effects. Most of these
events are dosage-dependent, mild and reversible.

. Optimum vsage of both drugs demands consider-

able experience and constant monitoring of the
blood/plasma conceniration.['87.188] Both the rand-
omised multicenire European and US liver trans-
plantation trials have shown some patients being
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switched from tacrolimus to cyclosporin in order
to minimise neurotoxicity.”®! However, the Pitts-
burgh randomised trials, with more extensive sin-
gle centre experience, used a lower dosage of tacro-
limus and daily monitoring of drug concentration
and showed no requirement for such switching.[%>-%7!
Neurotoxicity consists of tremors, paraesthesia,
confusion, headache, photophobia, akinetic mutism,
expressive aphasia, psychosis and seizure disor-
ders. 188,139 The incidence of these adverse effects
tended to be higher in the tacrolimus group of
patients than in fhe cyclosporin greup in both the
US and European®®# randomised trials (table
1V}, where higher dosages of tacrolimus were used
without daily drug concentration monitoring.

7.2 Nephrotoxicity

Both drugs are nephrotoxic; as with nenrotox-
icity, this is dosage-dependent and mostly revers-
ible, The majority of studies have shown compara-
ble nephrotoxicity in both the cyclosporin and
tacrolimus groups of liver fransplant patients. 189
Reductions in glomerular filtration rate of 29% in
the cyclosporin group and 35% in the tacrolimus
group have been reported with long term use.l%!
The mean serum creatinine levels at various inter-
vals after transplantation were similar in both
groups of patients in the randomised studies of
liver transplantation.[*?0-£921 A similar nephrotoxic
effect of tacrolimus has been described by Me-
Cauley et al.['* in heart and lung transplant recip-
ients as in liver ransplantation.

Histopathological changes in renal allograft bi-
opsies are also similar with cyclosporin and tacro-
limus: vacuolation, tubular atrophy, interstitial fi-
brosis and hyalinosis have been observed in equal
proportions, 191931

7.3 Electrolyte Disturbances

7.3.1 Hyperkalaemia

Over 40% of patients receiving tacrolimus re-
quire treatment to reduce hyperkalaemia, a higher
incidence than reported with cyclosporin.[132:190]
.However, this is easily controlled with potassium-
binding resins, dietary restriction and fludrocorti-
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Tahle IV. Toxicity of cyclosporin and facrolimus

Adverss effect Cyclosporin Tacrolimus
Neurotoxicity + +
Nephrotoxicily + -
Hyperkalasmia + -+
Hypertension - +
Diabstogenicity + +
Hypercholesterolaemia +H +
ncreased fow density ++ +
lipoprotein levels

Hyperuricaemia + +
Gingival hyperplasia LR -
Hirsutism + -
Alopecia + +
Anaemia + ++

Symbols: + to +++ indicatss increasing frequencyfseverity of
adverse effect; — indicates adverse effect not observed.

sone, Hyperkalaemia is thought to be associated
with type 1V renal tubular acidosis, where lower
levels of the normal range of aldosterone and renin
have been observed with hyperkalaemia in tacro-
Jimns-treated patients.[%9 Also, renal insufficiency
without actdosis is frequently observed.

7.3.2 Hypomaoighesaemia

Hypomagneszemia with cyclosporin treatment
has been reported.[*] Similar observations with
tacrolimus treatment have been made. ¥

7.4 Hypertension

In liver, kidney and heart transplantation, hy-
pertension is less severe and less frequent in
the tacrolimus group than in the cyclosporin
group,[133.146.190.198] Algo improvement in hyper-
tension has been reported when patienis are
switched from cyclosporin to tacrolimus following
fiver"®] and heart!!*3! transplantation. This may
partially reflect the reduced use of corticosteroids
in the tacrolimus group.

7.5 Metaboiic Effects

7.5.1 Diabefogenic Effects

12 to 18% of transplant recipients develop new
onset insulin-dependent diabetes mellitus whenre-
ceiving tacrolimus,[135.182.2002011 [y the US mmulti-

Cilin. immunother. 1996 May; 5 (€)




366

cenfre randownised studies of lver202l and kid-
ney!!36 transplantation, the need for hypoglycae-
mic agents in tacrolimus- and cyclosporin-based
immumosuppression was similar, although tacroli-
mus patients were recelving lower dosages of corti-
costeroids. It is conceivable that insulin-dependent
diabetes mellitus is more readily induced in high-
risk recipients receiving tacrolimus.[203] Interest-
ingly, diabetogenic effects in primary or rescue
therapy with tacrolimus in pancreatic transplanis
have not been observed.[156]

7.5.2 Hypercholesterolaemic

Higher cholesterol levels are seen with eyclo-
sporin-based regimens,?™ while lower levels of
cholesterol have been reported with tacrolimus.i146)
Also, in a large randomised trial, low density lipo-
protein levels were significantly higher in the
cyclosporin group of patients 6 months after liver
transplantation. [203]

7.6 infection

The incidence of bacterial infection was lower
_in liver transplant recipients receiving tacro-
limus,29%1 and the rate of onset of infection was
significantly lower in the tacrolimus group in the
European Hver transplantation trial % In a single-
centre randomised study, reduced incidences of
cytomegalovirus, deep fungai and intra-abdominal
bacterial infections were observed with tacrolimus
following liver transplantation.’2% A reduced inci-
dence of infection has also been reported with
tacrolimus in a randomised study of lung transplant
recipients.[151]

7.7 Lymphoproliferative Disorders

Epstein-Barr virus (EBV) infection resulting in
B cell proliferative disorder occurs at a similar fre-
quency with cyclosporin and tacrolimus, <2% of
the adult transplant population.(27:208] Cox et
aL.2%] reported an increased incidence of EBV in-
fection and lymphoproliferative disorder (LPD) in
children <5 years of age under tacrolimus com-
pared with cyclosporin following liver {ransplanta-
tion (tacrolimus: n = 37, EBV 37.8%, LPD 18.9%:
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cyclosporin: n = 68, EBV 13.2%, L.PD 2.9%). In
the same stady, children >5 years of age did not
experience EBV infection or LPD under tacrolimus
{n = 14), whereas 17.4% of children experienced
BBV infection under cyclosporin (n = 23). How-
ever, 44 out of 51 children under tacrolimus were
originally commenced on cyclosporin and sub-
sequently converted to tacrolimus-hased immuno-
suppression. More that 90% of the children in the
study also received antilymphocyte antibody.

The increased incidence of post-transplant LPD
in children may be the result of a cumulative effect
of immunosuppression. Factors such as: (a) the in-
cidence of seronegativily for EBV in paediatric re-
cipients and seropositivity in the donor; and (b) the
rate of conversion from seronegative to seroposi-
tive at vazfous time intervals after transplant and its
correlation to development of post-transplant LPD
neéd further prospective evaluation.

7.8 Cardiomyopathy

Recently, Atkinson et al.*!% have described hypet-
trophic cardiomyopathy, seen en roufine two-
dimensional echocardiography, in 5 of 5 children
on tacrolimus following liver andfor intestinal
transplantation. The condition improved after low-
ering the dosage (11 = 3) or conversion to cyclo-
sporin {n =2).

This reversible phenomenon of cardiomyopathy
after tacrolimus has not been reported from other
centres. The cause and effect of associated fluid over-
load from impaired renal function in the immediate
postoperative period needs further evaluation.

We recently compared the cardiac findings at
autopsy in liver transplantation recipients who re-
ceived tacrolimus (n = 67) with patients who died
of end-stage liver disease (n = 72) without liver
transplantation or tacrolimus. The weight of the
heart, left and right ventricular wall thickness and
circumferences of all the valves were identical.
>80% of patients in both groups of patients at au-
topsy had left ventricular hypertrophy.
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7.9 Other Adverse Effects

Hirsutism and gum hyperplasia have been ob-
served only with cyclosporin. When children are
switched to tacrolimus from cyclosporin, this
facial appearance improves.t*8 Alopecia was ob-
sexrved more frequently in patients receiving tacro-
Hmus compared with cyclosporin in a US multi-
centre trial."¥1 Similarly, anaemia was reported
with a higher frequency with tacrolimus.[%”!

8. Conclusions

The majority of transplant centres using cyclo-
sporin use triple or quadruple drug regimens to
minimise the adverse events of cyclosporin with-
out increasing the rate of rejection. Unfortunately,
the combination of tacrolimus and cyclosporin has
not worked in clinical settings because of increased
nephro- and neuro-toxicity. Not many trials have
been conducted using tacrolimus with triple or
quadruple drug regimens, except for Shapiro et
al.l133] for kidney transplantation. The recently ap-
proved mycophenolate mofetil, which is more po-
tent than azathioprine, in combination with aneven
lower dosage of tacrolimus, may provide a bal-
anced outcome in the majority of the patients since
the toxicity profiles of the 2 drugs arc separate (ex-
cept for gastrointestinal toxicity).

Newrotoxicity and nephrotoxicity are major
concerns with both cyclosporin and tacrolimus.
However, they are dosage-dependent and neuro-
toxicity is reversible in most instances. Hyperten-
sion is more common with cyclosporin, while
hyperkalaemia is more common with tacrolimus.
Both drugs are diabetogenic in almost equal pro-
portions. Gingival hyperplasia and hirsutism, which
is noticed with cyclosporin, is not commonly ob-
served with tacrolimus.

Currently, it is clear that children have a distinct
benefit from tacrolimus since it is better absorbed,
leads to alower incidence of hypertension and does
not cause hirsutism or gnm hyperplasia. The ability
to be weaned off corticosteroids at a faster rate may
lead to better growth and development in paediat-
ric transplant recipients.
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In liver transplant recipients, tacrolimus offers
better absorption in the absence of bile when there
is an external biliary drainage. However, some pa-
tients may be prone to develop nenrotoxicity more
easily, particularly the elderly population. In lung
transplanfation, the reduced incidence of oblitera-
tive bronchiolitis on tacrolimus is partticularly ap-
pealing. In heart transplantation, the incidence of
hypertension is lower when the patient is on tacro-
limnus as opposed to cyclosporin. Howevet, some
patients seem to be more prone to nephrotoxicity.
In pancreatic transplantation, tacrolimus has shown
encouraging results, surprisingly with no diabeto-
genic effects.

The benefits of a significantly reduced inci-
dence of rejection under tacrolimus in liver, heart,
lung and pancreatic transplantation have not been
observed in kidney transplant recipients. However,
the long term advantage of tacrolimus in kidney
transplant recipients, with a predicted prolonged
hatf-life of 14 years versus 8 to 9 years under cyclo-
sporin, may require further consideration.

In the end, the ability of rescue therapy with
tacrolimus to control acute rejections occurring un-
der cyclosporin in all forms of solid organ trans-
plantation, and the ability of the drug to diminish
the process of chronic rejection in liver, hing and
pancreas transplantation, will remain a major fac-
tor in the field of clinical transplantation. However,
some patients may not be able to tolerate tacro-
limus for primary or rescue therapy; in these pa-
tients, cyclosporin will provide an alternative treat-
ment in such situations,
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