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Long-Term Outcome of Adding Mycophenolate
Mofetil to Tacrolimus for Nephrotoxicity Following
Liver Transplantation
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Mycophenolate mofetil (MMF) has no known nephrotoxicity. This report examines the outcome in patients who
received MMEF for renal impairment on tacrolimus-based immunosuppression. From 1995 to 1996, twelve liver trans-
plantation (LTx) patients (mean age 54.6 years) with serum creatinine >1.8 mg/dl were included in the study. MMF
was introduced and tacrolimus dose was reduced by 30-50%. Each patient was followed for 6 years. Renal function
showed improvement in seven patients, deterioration in four, and no change in one patient. Overall mean serum
creatinine decreased from 2.5 to 1.9 mg/dl at 6 months but increased to 2.2 mg/dl at 18 to 24 months. After that, renal
function remained stable for 72 months. Iothalamate clearance showed 18.5% improvement at 1 year. Three patients
developed renal failure. Six patients died in the follow-up period. Addition of MMF with reduced tacrolimus dose

resulted in sustained improvement in renal function in 58% of patients.

Keywords: Liver transplantation, Nephrotoxicity, Tacrolimus, Mycophenolate mofetil.

(Transplantation 2005;80: 859-864)

Calcineurin inhibitors are potent immunosuppressive
agents used in liver transplantation (LTx), but both cyclo-
sporine and tacrolimus can cause nephrotoxicity (1,2). My-
cophenolate mofetil (MMF) has been approved for clinical
use for the last eight years. MMF has been used to reduce the
nephrotoxicity of calcineurin-inhibitors by sparing or elimi-
nating the use of these agents (3—7). Although MMF has been
found to stabilize or reverse the nephrotoxicity in short term,
the data with long-term follow-up is lacking.

The aim of the present study is to examine the long-
term outcome of the patients who received MMF for tacroli-
mus-related nephrotoxicity in post-LTx patients.
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PATIENTS AND METHODS

Consenting adult patients (age >18 years) were en-
rolled in the institutional review board (IRB) approved study.
Pre-IRB approval committee had concerns about having a
control group. Criteria included more than 6 months post-
LTx, serum creatinine >1.8 mg/dl, and stable liver function.
Pregnant women or women in childbearing age who refused
double contraception were excluded. Before commencing
MMF, glomerular filtration rate (GFR) was measured using
iothalamate clearance analyzed by high-performance liquid
chromatography (HPLC) (8). Ultrasound of the native kid-
neys was performed to rule out obstructive uropathy and
measure the size of the kidneys. MMF was given orally 1 g
twice a day and the dose of tacrolimus was reduced by 1 to 2
mg per dose (approximately 30—-50%). The baseline dose of
prednisone was held constant for 6 months. Each patient was
followed for 6 years or until death, whichever was earlier.
Liver function, tacrolimus level, and side effects of MMF were
collected prospectively. Patients with decrease in serum cre-
atinine and/or increase in GFR were considered as respond-
ers. Patients with increase in serum creatinine and/or de-
crease in GFR or commencement of dialysis were considered
as failure and patients who maintained stable serum creati-
nine were considered as nonresponders.

Statistical Analysis

Values are given as mean and standard deviation. Para-
metric values are compared with Pearson chi-square.
Changes in mean serum creatinine at various time points af-
ter MMF were compared with preMMF values using inde-
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pendent ¢ test. SPSS 12.0 for Windows, statistical package was
used for analysis.

RESULTS

During the enrollment period, 12 patients entered the
study. Mean age was 54.6*14.1 years (median 57.5, range
33-72), there were eight males and four females. Mean time
to enter the study from liver transplantation was 57.25+32.37
months (median 46.35, range 21.4—127.9). The details of in-
dividual patient demographics with size of the native kidney
are given in Table 1. Pre-MMF mean serum creatinine was
2.5%0.8 mg/dl (median 2.2, range 1.9—-4.8)

Patient Survival and Renal Function

During the follow-up period, six patients died. Causes
of death included cardiac arrest (n=2), head injury, cerebral
anoxia, heart failure, and recurrent hepatocellular carcinoma
(cases 1, 4, 5, 6, 8, 9, respectively). Three patients went into
end-stage renal failure (case 4, 8, and 11), two of which re-
ceived kidney transplantation (case 4 and 11). Blood urea
nitrogen (BUN) and serum creatinine before MMF and 1, 3,
6, 12, 18, 24, 36, 48, 60, and 72 months after MMF are shown
in Table 2. Mean serum creatinine decreased from 2.5+0.8
mg/dl to 1.9%£2.0 mg/dl at 6 months (P=0.05), which in-
creased to 2.2+2.1 mg/dl at 24 months (P=0.29). However, it
remained stable until 72 months (mean serum creatinine
1.9%1.7; P=0.39) post-MMF in all responders, except in case
7 whereitincreased at 6 years (Table 3). In four patients (cases
4, 8,9, 11), the serum creatinine deteriorated and three of
them required dialysis. In one patient (case 7), the serum
creatinine remained stable until 5 years and was considered as
a nonresponder. GFR was available in only seven patients
before and after starting MMF because one patient died in the
first year, one patient underwent a kidney transplant and
three patients refused to come for study at 1 year. The mean
GFR was 59.6*17.7 ml/min (median 60.0, range 39.4—88.7)
before MMF and 68.5%£16.3 ml/min (median 68.6, range
39.4%90.1) 1-year post-MMF, an increase of 18.5%.

Immunosuppression

The preMMF mean tacrolimus dose was 4.3+2.1 mg/
day (median 3.5, range 2—-8). Mean detectable tacrolimus
concentration was 8.6*1.5 (median 8.1 ng/ml), and 6 of the
12 patients had undetectable levels (<5 ng/ml). The mean
tacrolimus dose was reduced to 2.8*+1.1 mg/day (median 3,
range, 2—4 mg/day) at 3 months postaddition of MMF. This
tacrolimus dose remained unchanged for most part of the
trial period. Details of individual patients immunosuppres-
sion at various time points is given in Table 3.

Liver Function

Three patients had rise in hepatic enzyme during the
first year. The liver functions normalized in all three, after
increasing the baseline immunosuppression. There were no
further significant changes in hepatic enzyme beyond the first
year after starting MMF. There were no retransplantations
during study period for any reason.

Recipient Age Effect
There were six patients <60 years of age at the time of
introduction of MMF and six were >60 years of age. Four out
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of six patients (66.7 %) <60 years of age were responders and
two were failures (33.34 %). In patients >60 years, three
(50%) were responders, two (33.3%) were failures, and one
(16.6 %) was a nonresponder (P=0.565).

Sex Effect

Out of eight male patients, four (50%) responded, three
were failures, and one was nonresponder. Out of four female
patients, three (75%) were responders and one (25%) was
failure (P=0.366).

Length of Tacrolimus Effect

At the time of enrollment, five patients were on tacroli-
mus for >5 years and seven were for on tacrolimus for <5
years. There were three responders (60%) and two failures
(40%) for patients who spent >5 years tacrolimus, whereas
four patients responded (57.1%), two failed (28.6%), and one
was a nonresponder (14.31%) of those on tacrolimus for <5
years (P=0.659).

Size of Native Kidney Effect

The majority of the patients had smaller sized kidneys
than expected for their age. The right kidney was of smaller
size than left in all cases except in case 3. The mean size of
right kidney was 9.5+0.6 cm and left kidney was 10.5%+0.7
cm. The mean combined size of both kidneys was 20£1.3 cm.
The combined size of both kidneys <20 cm was observed in
seven cases and out of these, three patients (42.9%) re-
sponded, three (42.9%) failed to respond, and one (14.3%)
was a nonresponder, whereas in five cases were combined
renal size was >20 cm, four patients (80%) were responders
and one (20%) failed to respond (P=0.659).

Renal Function before MMF

Three patients had serum creatinine >2.5 mg/dl (cases
3, 5, 11 had serum creatinine 3.0, 2.7, and 4.8 mg/dl, respec-
tively; Table 2). Two patients (66.7%, cases 3 and 5) showed
response, whereas one patient (case 11, serum creatinine 4.8
mg/dl) did not show any improvement and underwent sub-
sequent kidney transplantation. Of the remaining nine pa-
tients with baseline serum creatinine <2.5 mg/dl, five pa-
tients (55.61%) were responders, three (33.3%) failed to
respond and one (11.1%) was a nonresponder.

Side Effects of MMF

In five patients, MMF was discontinued (cases 2, 3, 6,
10, and 11) for leukopenia, diarrhea, gastrointestinal upset,
aspergillus infection, and renal failure, respectively. In three
cases (cases 2, 6, and 10), MMF was restarted 4—6 weeks later
at a reduced dose (Tables 1 and 3). In two patients (cases 7
and 8), the dose of MMF was reduced for mild gastrointesti-
nal disturbance.

DISCUSSION

Introduction of cyclosporine in the early 1980s resulted
in significant improvement in patient survival after liver
transplantation (9, 10). OKT3 was used not only to control
steroid resistant rejection (11), but also advocated as a means
to avoid cyclosporine induction and subsequent early neph-
rotoxicity. Because tacrolimus has been used clinically, graft



861

Jain et al.

© 2005 Lippincott Williams & Wilkins

.?ESSEOE@W ‘19 ‘uoney
-uepdsuen Asupny X1 uop jou ‘(N nejour aejoudydodfur JININ ‘asereydsoyd sutere ‘FOINTV oserajsuern) [Awrein(d ewrwres ‘1,00 QsLIaJsUBNOUTE dUTUE[E [TV ‘dseIajsuenourwe ajejredse ‘[ Sy

00T €01 L6 GE9Y GLG  UBIPIN
€L L0 90 LE7TE 'yl as
007 S0l 6 STLS 9%S uedIN
161 8 Iz 81 €0 PUON 00T €01 L6 ¥ETUL sisoyI oruadoydAr) sy L€ 4!
JNIN-1s0d
syauowr 11 X1 pue JININ-1sod
syoam GT sisAferpouray] ‘quaned epumnern
AN 8€TT  ¥61 61 61 oy £q 1932 S9am 6 paddols NN T'61 €01 88 68°LT1 [eIUSPIOIE JRINOIYPA 100N RN €€ 11
Juow (O] 1o
Pa31e3SaI “uor)ddyuT snofidradse
98 0z u 10 syjuow g panunuodsp JINN 61 €01 68 VLT SISOYLID ATelIq ATeWIl] dewa] ¥S 01
DOH U131
181 9L ¥ 0t 90 03 anp JINIA 3s0d sqpuowr gz parq 86T 0L 96 90°8¢ snneday sunwwrony - ey 19 6
stsATerpysod syjuowr
¥ 2Inyrej 11eay] parp SININ-1sod
SyIuOW 9z SISATeIpOWIay
paouswrod ‘swrojduwAs
18 Sty ST 91 90 [ P[IW 10§ p2onpa13sop JININ 98T 00T 9°8 66'S€E SISOULII PIONPUI-[OURY}]  2[eWa] 99 8
swoldwAs
aN 981 65 OF 6'1 [D P[IW 10§ P2onpa13sop JNIN 61 #0188 0€°0% Kouaryop uisddnnue [-eydly oy o L
1sa.11e JRIpIed JININ
-1s0d syjuoOu GG Parp ‘Id1e S9om
9 pa3Ie)sar SUNIWOA pue easneu
aN e 95 S0 S2aMm QT I9)E PaNUDUOSIP JNIN T0T F0T 86 19°6¢ SISOULID padnpul-[OUeyly  d[EN 99 9
Amfur
ureiq orxod4y woy £1081ns serpred
6€1 8/ ¥21 8SIT 9% Ie[NAJRA B I9)JE STAUOW QG PAIJ 861 €01 S6 G988 snISue[oyd 3UISOIA[Ss ATeWI]  J[eUID] 8% S
JNIN-Isod XY
paarada1 ‘“Amfur peay onewnery
LL 0z T 1T S0 woxy JWIN 1s0d sqpuow o6 pAI@ F'17 €11 101 Se'19 SISOULID POONPUI-[OUEIY  J[EN 1§72 i
P3118)S1 JOU BIYLIBIP
€L 621 7T 0¢ 1 01 anp 199¢] $Y2am 9 paddors JININ €61 ¥'6 66 ¥8°16 SISOULID padnpul-[oueyly  de 89 €
3sop paonpail
Je payre}sar pue eruadoynaf
aN 0T 1¥ 1€ 80 0} anp syeam 9 10y paddois sem JININ 202 ¥0T 86 ov'zs SISOULIID PIONPUI-[OURY}Y I[BW] 19 14
JINIA WIOJ 103139 9PIS ON “ISoITe
aN 1L 91 T 60 SeIpIed JNN-Isod sqpuow 01 para £z 1Tl 901 8¢'IC snidue[oyd Suisoids Arewiy RN 44 I
n ynym yn ([p/3u) JININ-Is0d s3ua43 [estur)) 301 1T WSrd AWIN 03 XILT x]1-21d sisouderq Xag  (s1eak) juaneq
YOIV dLOD ITV ISV ulqniqrg " (un) az1s Aoupry Wo1y SYIUOWN a3y
dn-mofjoj 3se] J& UOTIOUNJ IIATT
sofjsuelorIRyD Jusned ‘I ATIYL

hibited.

is article is pro

tt Williams & Wilkins. Unauthorized reproduction of th

ht © Lippinco

Copyr



Transplantation * Volume 80, Number 6, September 27, 2005

6€°0 [4N¢ 90°0 6C°0 80°0 S0°0 onfeA 4
LT 9'89 09 [ ¥e LT €€ 61T ¢ 81 1¢ Tt ¢ ¢€C ve T'C v¢ 0C 8 0T LT T1'CT S8 TT e URIPIN
8'st €91 LLT §TCso a1 ¥0o L ¥0 6 60 6 90 ¢ 90 91 <0 I %0 6 90 IT 60 ¥%L 80 TI as
LG°81 1589 ¥9°6S yre 81 61 T¢ 61 C¢ It ¢ TCT s TT 9¢ 0C ¥ 61 0¢ 0T 0¢ TCT ¢6C ST 9¢ U
ST 69 09 [ ¢¢ 0T 6¢€ 0C 9¢ 8T <S¢ LT 6T ¥C €€ TCT 9¢ TIT 0¢ T'C 8 6T ST 6T ¢¢ 4!
uonejuedsuen) ASupny paAaday LY 0¢ 8% 99 8!
L1 78 T | ve LT L€ 8T 81 0T 9¢ 1T S 1T I¥ 1T Ss€ 61 ¥ 1'C LT TT T€ ¥T €€ 01
DOH HU21IMII WO paI(] ST 8¢ 0¢ T¢ T'¢ ¥¢ TT €€ T1I'CT 8 TT Ss¢ TT € 0T I¢ 6
sisA[erpisod syjuow § aIn[rey 11eay Woij parp
€C- 9'89 L'88 IININ-1s0d syyuow 9z sIsA[erpoway pasuawuro)) 6C °9 ST LL TT Ly 0T 8¢ 0C ¥S 8T ¥e¢ I'C 1I¥ 8
0 ¥'6¢ ¥'6¢ LT €9 LT I¢ 0C T¢ 8T 0¢ 6T 6T 6T 9T 6T I¢ LT 8 9T 61 61T LT 6T LT L
9t 7’9 ¢S 1S91IE SBIPIED WO} PaI( 81T ¥ ¥1 91 0T 9 8T 6¢ 61 Ly TC 6V 0T ¥¢€ €T &F ¥C 8¢ 9
eIXOUE [21Q2193 ‘A198:1ms Jerpresisod woy par( e o <1 0¢ 91 Lz €1 9¢ TI'T It ¥1 81 €1 ¥C S1 TC LT GF S
Am(ur peay ‘vonejuerdsuen Asupnyisod par V1 8T TI¥v 05 8T S¢ SC LT LT Tv ¥C ¥€ LT LT TT 0T TT 1T ¥
LS 6'79 0¥ ¥'C 0c ST g€ §CT ¢¢ §T I¢ €T €€ 6T ¥ €T €€ 9T 8¢ €¢ ¥ 6T 8¢ 0¢ ¥¢ €
8¢ 1'06 1'99 €l Lt v1 1T VI ¢ €1 Lz €1 1t ¥1 61 TT IT €1 €€ ¥Vl LT LT ¥%CT TT W¥C (4
159118 DRIPIED WOL JNN-Is0d syruow O par(T §T 61 LT TIT 91 TC TT ¥¢ !

JNN-Isod  JWN-Isod  JININ-oad D Nad IO NAd O NAd D NAd D NA9 O NA9d D NAd 1D NAd DO NA9 O NA9 D NAd 9seD
OUBIBID  DUBIBID  IdUBILID

Jjewre[ey)o] djeuWe[ey)o] djeWe[eylo] 7L 09 %4 9¢ i 4 81 (48 9 € I JININ-21d
ut d3ueyd
JUDIdJ JININ-1S0d SYIUON

uonouny (eusy 'z ATAYL

862

hibited.

is article is pro

tt Williams & Wilkins. Unauthorized reproduction of th

ht © Lippinco

Copyr



© 2005 Lippincott Williams & Wilkins Jain et al. 863

E 33| s-° s s gs%s loss from acute or chronic rejection is rare (12, 13). However,
wn n " =l S 2] . . .
<SE ) " ” the concern for short and long-term nephrotoxicity still ex-
= = I . . . 0.
~| YTE aenf . Eo ~ " ists. Patients with serum creatinine >2.5 mg/dl at 1 year are
Y
N ESw® NN E B g¥ < " o= < L. /
£ E shown to have an incidence of end-stage renal failure of
= o 8.8 8 .
5;§§ - g g _ Sa <233 1§.I‘Vo b}'/ 13 years (14)'. Qn the other hand, MMF is not asso-
= 2285 A T ciated with nephrotoxicity (15,16).
Q [=3x=} o5 (=2 =1 oo w o .
38| = si38 £ _ER ERER The short-term results of this study have been pre-
s - a g 3 . ..
- 2 3 ° 228 sented previously (17,18). In addition, several reports have
o = 2« — — . .
8 €89 | & g ° «dz2f £ R suggested similar early benefits (3—7). However, none of these
~ =} . . .
.33 = TE3 e o studies reported long-term follow up. This is the first report
FSE| - NmEpfa wd=d where long-term results have been analyzed. It is of interest to
= = .
5 9S scg s 528 g sg=s know that after 2 years of commencing MMF, the serum cre-
= 2% =3 =] =1 S22 =3 S W N Y g
=] wn (=3 (=] S n =1 n oS O I~ . . . . . .
=S E S8 8 = TEs = atinine was relatively stable in almost all patients without any
% 5@% RO T T EE 5oeggy further significant deterioration. Although six patients died
~E VooEx i foll i fthe death i
£, 23 in the follow-up period, none of the deaths were attributed to
823 [ Ew o = -« §'c ~ «3232% MMF or hepatic dysfunction. Three patients experienced
ESE | S = . . . . .
e |2 mild hepatic dysfunction and were quickly restored with ad-
QL 59 OC 2 [=3 (=33 (== [ =2 =] . . . . . .
g |58 £ g g8 28 g8s5ts ustment in baseline immunosuppression. In five patients,
SE |2 & 8§ 28 &8 SERE ) pp P
_% Sy w o na e wea MMF was discontinued for toxicity and in other two patients,
° (T8 = & H ) ? Y Y 2 ) QR . . . .
< 1‘-“5@: Z e g o oge 20 gran the dose was reduced; hoyvever, in th.ree patients, it could be
=S - I restarted at lower dose without any side effects.
£3 g’ R e g The size of the kidneys appeared to predict response to
. Q E " }'3‘ . . . . . .
§ §? Zs°s © 833 s % YT a_ddltlfon tgf l\liﬂ(\i/IF alr;d2 (;eductlon ofdt?crﬁ)hmuls Combined
E|2 g S = 28RS size of native kidney cm appeared to have alower success
= g o .
2| & E% son o ew =afazzg rate cqmpared to >20 cm, although tbls d_1d not reach statis-
& £ £ tical significance in this study. The time interval from liver
= 22y T _-—es transplantation to MMF was not found to be a predicted in-
= =S E o~ © N A A N A . . I
g = € dicator for overall improvement. Starting serum creatinine of
@« Q (=3 (=3 (=3 (===l (=] o N = O
$2| 2 g g 88° Fgdrg >4.0 mg/dl may have poor outcome; however, there was only
g _‘:E’ - - . - one patient in the series of serum creatinine of 4.7 mg/dl. All
9D ? > oo . ..
2l fzw| "9 Wy N R the other subjects had serum creatinine of =3.0 mg/dl. Fe-
s male patients had a better response rate compared to male
0 3= —~ o o . . sk .
EEF| o+ o ca- R patients; however, this was not significant. This study only
233 | s°35 g5 s8%8 ° s3s88 hasa sm;.ill sample size but the subjects were garefuIIY.stud{ed
=S E 8 = === B = prospectively. In the future, larger prospective studies with
o 575% 3 § 223 o o0 o targeted mycopheno!i.c acid concentration may help to fur-
—& ther elucidate the utility of this approach to posttransplant
& gé, o e Mo nephrotoxicity (7, 19).
g - e
)
$13(8% & 8 288 5% g§ass CONCLUSION
_= - - MMF was found to be useful for tacrolimus-related
© 9 ggﬁ w0 3 ) w© 9 wewe | e . . N f
FE® | n o3 Ze o ~ = nephrotoxicity in post liver transplant patients. In all, 58% o
033 - patients experienced sustained benefit for long follow-up pe-
< 8 2 = < . . . . . . .
FSg|mevo o —an oo ad-C)g riod. Careful monitoring is necessary as mild reversible rejec-
£3%|23°3 3 283 28 gsg=g|d tion can occur in 25% of patients after reduction of tacroli-
@ £P|88 8 % TS2 &§® SE=Z|% oni : -
o T E 2 mus dose. Although not significant, smaller size of the native
= - 5%% =3 é - é - é & é eng i kidneys had relatively poor outcome and femaI.e subject re-
5 —E 2 sponded better then male. More future prospective random-
o 5_%%;0 S - ized trials on a larger population may be helpful to evaluate
@ = £ these factors.
) S8% |1 _m® n ano |5
oy 52| o = = e mman | ACKNOWLEDGMENTS
99 - g - . . .. .
g T EER | TOVE T OUNY YETTTOC We thank Dr. Ann Olzinski for editing the manuscript.
g 3% i
g [ﬁé? CHmT N Nam macaadod 8 REFERENCES
£ =
E - g%@ T % f®E nEsewzg % 1. Randomised trial comparing tacrolimus (FK506) and cyclosporin in
S| FrEe | =70 % grg ggge—* ‘g:q prevention of liver allograft rejection. European FK506 Multicentre
] E . s ES Liver Study Group. Lancet 1994; 344: 423.
(2] & ﬁé? womo w mma %o d A . f_ 2. A comparison of tacrolimus (FK 506) and cyclosporine for immuno-
g = =2 suppression in liver transplantation. The US Multicenter FK506 Liver
= g I = Study Group. N Engl ] Med 1994; 331: 1110.
B Olmam~s v onw oagoozB3 3. Papatheodoridis GV, O’Beirne, J, Mistry P, et al. Mycophenolate

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



864

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

mofetil monotherapy in stable liver transplant patients with cyclospor-
ine-induced renal impairment: a preliminary report. Transplantation
1999; 68: 155.

Herrero JI, Quiroga J, Sangro B, et al. Conversion of liver transplant
recipients on cyclosporine with renal impairment to mycophenolate
mofetil. Liver Transpl Surg 1999; 5: 414.

Barkmann A, Nashan B, Schmidt HH, et al. Improvement of acute and
chronic renal dysfunction in liver transplant patients after substitution
of calcineurin inhibitors by mycophenolate mofetil. Transplantation
2000; 69: 1886.

Raimondo ML, Dagher L, Papatheodoridis GV, et al. Long-term my-
cophenolate mofetil monotherapy in combination with calcineurin in-
hibitors for chronic renal dysfunction after liver transplantation.
Transplantation 2003; 75: 186.

Schlitt HJ, Barkmann A, Boker KH, et al. Replacement of calcineurin
inhibitors with mycophenolate mofetil in liver-transplant patients with
renal dysfunction: a randomised controlled study. Lancet 2001; 357:
587.

Agarwala SCE, Jain A, McCauley J, et al. Evaluation of renal function in
transplant patients on tacrolimus therapy. J Clin Pharmacol 2003; 42:
798.

Iwatsuki S, Starzl TE, Todo S, et al. Experience in 1,000 liver transplants
under cyclosporine-steroid therapy: a survival report. Transplant Proc
1988; 20: 498.

Starzl TE, Iwatsuki S, Van Thiel DH, et al. Evolution of liver transplan-
tation. Hepatology 1982; 2: 614.

McCaughan GW, Strasser S, Dolan P, Sheil AG. Liver allograft re-
jection: analysis of OKT3 rescue therapy. Transplant Proc 1992; 24:
2250.

Jain A, Reyes J, Kashyap R, et al. What have we learned about pri-
mary liver transplantation under tacrolimus immunosuppression?

Transplantation * Volume 80, Number 6, September 27, 2005

13.

18.

19.

Long-term follow-up of the first 1000 patients. Ann Surg 1999; 230:
441.

Jain A, Demetris AJ, Kashyap R, et al. Does tacrolimus offer virtual
freedom from chronic rejection after primary liver transplantation?
Risk and prognostic factors in 1,048 liver transplantations with a mean
follow-up of 6 years. Liver Transpl 2001; 7: 623.

Gonwa TA, Mai ML, Melton LB, et al. End-stage renal disease (ESRD)
after orthotopic liver transplantation (OLTX) using calcineurin-based
immunotherapy: risk of development and treatment. Transplantation
2001; 72: 1934.

Sollinger HW. Mycophenolate mofetil for the prevention of acute re-
jection in primary cadaveric renal allograft recipients. U.S. Renal
Transplant Mycophenolate Mofetil Study Group. Transplantation
1995; 60: 225.

Placebo-controlled study of mycophenolate mofetil combined with cy-
closporin and corticosteroids for prevention of acute rejection. Euro-
pean Mycophenolate Mofetil Cooperative Study Group. Lancet 1995;
345:1321.

Jain AB VR, Gadomski M, Eghtesad B, et al. Use of mycophenolate
mofetil (MMF) for tacrolimus-related, chronic nephrotoxicity in post
liver transplant (LTX) patients: long-term prospective trial with mini-
mum six years follow up. Liver Transplant 2003; 9: C43.

Jain AB FJ, Hamad I, Zuckerman S. Use of mycophenolate mofetil for
tacrolimus related chronic nephrotoxicity in liver transplantation re-
cipients. American Association for the Study of Liver Diseases. Hepa-
tology 1997; 29: 235a.

Hodge EE, Reich DJ, Clavien PA, Kim-Schluger L. Use of mycopheno-
late mofetil in liver transplant recipients experiencing renal dysfunc-
tion on cyclosporine or tacrolimus-randomized, prospective, multi-
center study results. Transplant Proc 2002; 34: 1546.



