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We recently achieved 4 maior aagvances in clinical
nepatic transplantation at our center: first, the introduc-
':0n and demonstration of the supenor therapeutic index
cf the new i/mmunosuppressive arug FK 506: second.
the teasibility (with the aig of this drug) of combined liver-
ntestinal and multivisceral transplantation for patients with
hepatointestinal failure; third. 2 attempts at hepatic
xenotransplantation; and fourth. teginning attempts to
nauce donor-specific nonreactivity with agjuvant bone

marrow more rapidly. These studies wiil be addressed
separately because of the unique design of each and
the heterogeneity of the enroiled patient population. The
survival curves for both patients and grafts were esti-
mated by the Kaplan-Meier (product-limit) method and
the comparison among the different cohorts within each
population was done by the generalized Wilcoxon
(Breslow) test.

CLINICAL EVOLUTION OF FK506: 4 YEARS EXPERIENCE

Jince its c:scovery in 1983 ana betore its inttial clini-
"al use in Fepruary of 1989, the novel iImmunosuppres-
nve arug FKEC6 underwent extensive in-vitro and ani-
—af stuaies (1 2). It was first used to salvage liver al-
ografts that were faiing because of rejection despite
_iate-ot-tne-arn treatment with conventional Immunosup-
cression {3). The encouraging resuits of the rescue tnal
41 justified the evaluation ot FK506 as the pnmary im-
‘munosuppressant tor our liver allograft recipients (S).
Sather than summarnzing our overall clinical expenence
~ith hepatic transplantation, we wul focus on the thera-
ceutic eticacy of FK506 among pnmary liver allograft
‘Acipients. The biocharactenstics. pharmacokinetics.
ana methoas of assay of FKS06 are fuily descnbed else-
wnere {6-10).

MATERIALS AND METHODS

Patient Population

From August 18, 1989 through August 1, 1993,
1,153 consecutive patients underwent pnmary liver trans-
plantation and received FK506 as the pnmary immuno-
suppressive agent. The patient charactenstics are sum-
marized in Table 1. Of the 1,153 recipients, 84% were
aduits and 16% were children. The mean age was 51412
years (range: 18-76) for aduits and 6+6 years (range:0.2-
17.8) for children. Of the adult patients 251 (26%) were
over 60 years of age. The indications for liver trans-
plantation based upon the histopathologic diagnosis of
the native liver cisease are given in Table 2. Parenchy-
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Immunosuppression

From the outset, FK506 was used for all patients.
The early phase of the study was carned out dunng the
learning curve in which the dally :nduction doses were 2
or 3 times greater than those currently recommended (8,
13-15). Our present policy is to give FKS06 initially intra-
venously as a continuous infusion at a dose of 0.0S mg/
kg/day. The conversion from mtravenous to oral therapy
1S usually made without any overiap with a starting oral
dose of 0.1-0.15 magrkg every 12 hours. Dose adjust-
ments dunng both the intravenous or the oral administra-
tion of the arug were dictated by FK506 plasma trough
evels, documentation of rejection. cresence of adverse
drug reactions with special empnasis of nephrotoxicity
and neurotoxicity, evidence of infection. and functional
status of the grart (13).

mmeaiatelv alter grait repenusion. cne gram of
methyvipredniscione was agministereq intravenously. A
Jaiv dose of 20 mg ot preanisone was started and re-
Jjuced in 2 or 4 weeks In the ansence of retection. There-
atter. prednisone was weaned ang frequently discontin-
ued. The first 63 patients and those who had a strong
positive cytotoxic crossmatch were given a 5-day steroid
‘aper peginning at 200 mgsaay tor the first postoperative
1av with regucion of 40 mguday unnt 20 mg/day was
reacned on the sixth day. Steroid doses were scaled
.Jown tor children. Prostaglanain £, (grostin®) was added
') the immunosuopressive cocktail ot some patients dur-
~q the first postoperative week (16). A low dose of
1zatniopnne (0.5-2 mgrkg/aay) was qiven to about 10%
it the patients al some time gunng !~e postoperative
cenoda.

Nhen reiection occurred. it was treated with an in-
.reased mainienance dose ot FKE06 and a one gram
~otus of either methylpreanisolone or hvdrocortisone. A
steroid recycle ana/or a 5-dav course ot OK'T',' (5-10 mgy

Table 4. Causes of death after pnmary

liver transplantation under FK506

therapy.

n (%)

“uiminant infection 29 (9)
Gratt failure 24  (2)
Malignancv 21 @
Cardiovascutar 8 (N
Others 46 ¥)
Unknown 25 12)
Total 233 (20)
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Figure 1. The Kaplan-Meier

(actuarial) patient and graft survival for
primary liver allograft recipients who
received FK506 as the primary
immunosuppressive drug therapy.

day) was given to patients with moderate to severe re-
jection episodes.

RESULTS

Total Population

Of the 1,153 liver recipients, 233 (20%) patients have
died for reasons summarized in Table 4. With a mean (¢
SD) follow-up of 22+ 15 months (range: 3-49). the overall
patient actuanal survivai rates were 90%, 87%, 83%. and
75%., at 3, 6, 12 and 48 months, respectively (Fig. 1).
With a total of 1,308 liver ailografts, 155 (13%) failed.
Rejection was the cause of failure of only 6 grafts (4%).
The overall graft survival was 81%, 78%, 74%, and 65%
at 3.6.12, and 48 months respectively (Fig. 1). The dit-
ference between patient and graft survivai emphasizes
the survival benefit of retransplantation.

Randomized versus Nonrandomized
Groups

As expected. the highly seiected randomized group
(n=79) had significantly better patient (p=0.006) and graft
(p=0.001) survival compared with the nonrangomized
patients (n=533) who were excluded from the random-
ized study (Fig. 2). The 2-year patient survival was 91%
versus 76% with a graft survival rate of 88% versus 67%.
The survival difference between the 2 groups reflects the
cumulative aetnmental effect of the exciusion cntena that
were used for randomization.
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Figure 4. Patient survival after liver
transplantation stratified accoraing to the
medical urgency for surgery as defined
by the standard criteria of the United
Network for Organ Sharing (UNQOS).

Figure 5. Survival of FK506 primary
liver allograft recipients stratified
according to the pathology of the
primary liver disease.

Primary Liver Disease

Patients with either parenchymail or cholestatic liver
aisease had simitar and high fong-term survival rates
with FK506-based immunosuopression (Fig. 5). The
recent achievement of a hign posttranspiant survival rate
182% at 12 months) for patients with fulmmnant hepatic
‘ailure s attnbuted to the current monitonng of intrac-
=rebral blood tiow and prevention ot excess intracranial
cressure 0 aaaition to the therapeutic agvantage of
~KE06. As expected. rectpients with a penoperative al-
agnosis of pnmary hepatic makgnancy naa the lowest
ong-term survival; 72% at one year and 59° at 2 years.
The common cause of patients death was tumor recur-
rence despite the utihzation of pretranspiant intra-arne-
~al chemotherapy in some of these patients with or with-
out posttranspiant systemic chemotherapy.

Recurrence of Viral B Hepatitis

In a senes of 78 consecutive patients with hepatitis
3 viral (HBV)-related diseases. 56°% had disease recur-
-ence with a meaian foilow-up of 24 months. Those
who have nigher levels of HBV repucations (n=8) as as-
sessed by the presence of HBe antigen positivity, expe-
~.enced a higher rate of disease recurrence (88%). ang
nalt of them (n=4) died of recurrent hepautis. The use
ot hepatitis B immune globulin did not prevent disease
recurrence but may have detlayed its clinical onset.

Retransplantation

The need for graft replacement was significantly re-
duced with the use of FK506 (12%). Patient survival af-
ter retransplantation was 75% at 3 months and 54% at 2
years (Fig. 6).

Rejection

The incidence and treatment of liver allograft rejec-
tion under FK506 has been reported eisewnere (17). In
summary, greater than 50% of the liver recipients were
rejection free anad nearly haif of them were steroid free
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Figure 6. The actuanal patient survival
after retranspiantation.
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Figure 7. Survival of the combined liver-intestinal and mulitivisceral recipients.
A) all 27 patients; B) according to procedure.

The management strategy for these unique liver re-
cipients 1S described comorehensively in our recent
oubhications {31. 32). The basic :mmunosuppressive
-irug therapy was FKS06 n agaition to steroids and pros-
raglanain €., Augmented immunosuppression was ini-
.ated aunng re:ection episodes. based upon seventy. A
iterord Colus was given and FK506 acsage was In-
‘reased when this was possibie without nephrotoxicity.
A steroig recvcie tor S davs ana/or a 7-Jay course of
-KT. were backup options.

RESULTS

Patient Survival

During potennal follow-ups of 6-39 months and as
of October 1993. 9 (33°%) of the 27 pauents died: 8/21
compinea liver and intestine. and 1/6 muitiviscerai. The
causes ot the 9 geatnhs were either technical complica-
.ons (n=J3), opportunistic infections (n=2), uncontrolled
sraft retection (n=2), Oor gisseminatea posttransplant
ymphopronferatve adisease (PTLD) (n=2).

Six of the 8 mornalities after combined liver and in-
'astinal transplantation were of children. Entenc ana/or
~ihary leaks were responsible for 3 deaths. The other 3
~ere caused by respiratory syncytial viral pneumonia,
-atractory acute rejection, or PTLD (one example each).
Cne of the 2 !iver-intestine adult recipients died of

hepatorenal failure combined with chronic rejection and
the other succumbed o disseminated coccidiomycosis.
The only death in the muitivisceral senes was caused
by PTLD which was diagnosed at autopsy 49 days
posttransplantation.

The actuanal survival rate for the 27 patients at 3,
6. 12, and 24 months was 82%, 73%. 74%, and 69%,
respectively (Fig. 7). The mean foliow-up penod was
16+12 months for liver plus intestine and 11+8 months
for muitivisceral recipients. At 3 months, the survival
rate for the combined liver-intestine recipients was 81%
and 86% for the multivisceral recipients. At one year
following transpiantation, these estimates were 71% and
86%, respectively. Al 2 years, the actuanal survival rate
was 65% for the combined liver intestinal recipients and
86% for those who received muitiviscerat grafts.

Graft Survival

The estimated actuanal survival for all of the grafts
in=28) was 76%, 76%, 71%, and 67°% at 3, 6, 12, and
24 months, respectively (Fig. 8). Graft survival was
higher during the entire follow-up period for the
muitivisceral cases compared to those with combined
liver-intestine. All but one graft was lost due to patient's
death. The oniy graft removed at reoperation was a
iiver-intestine transplanted to a chuld across a strong
positive cytotoxic crossmatch. Aithough graft removal
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CLINICAL XENOTRANSPLANTATION

MATERIALS AND METHODS

In June 1992 and January 1993, 2 male patients
aged 35 and 62 years, with end-stage liver disease due
to chronic B viral active hepatitis had their cirthotic livers
replaced with baboon livers (33, 34). These efforts were
prompted by the woridwide shortage of donor organs and
by evidence that baboon livers wouid be resistant to the
hepatitis B virus that reinfects most hepatc allografts.
Extensive infectious surveillance was performed for both
donors. Both recipients had ABO-compatible grafts. The
conventional lymphocytotoxic crossmatch ot both recipi-
ent sera to their donor lymphocytes was positive in both
cases but negative after dithiothreitol treatment. A full
descnption of both donors anag recipients has been pub-
lished elsewnere (33, 34).

The surgical techniques were agapted from hepatic
allotransplantation (35). Aithougn the baboon donors
were large, their pody weights were only 40°% of the re-
cipients, necessitating the so-called giggypack opera-
tion which leaves the recipient vena cava intact. The
surgical proceaure in both cases was sautsfactory ini-
tally ang durning the postoperative course, there was ra-
aiologic ana histopathologic evidence of liver regenera-
tion and increased graft voiume (33, 34).

The immunosuppressive cocktail used for preven-
lon and controt of rejection of the 2 hepatic xenografts
~as made by FK506. steroigs. cvciophospnamide, and
crostagianain €. Doses ana routes ot agministration
are shown in F:qures 9 ana 10. Cetalled descnptions of
‘he iImmunosucpressive therapy and drug blood levels
were recently reported eisewnere (34).

RESULTS

The first recipient awoke promptly from anesthe-
sia. resumea aiet and amoutation. and was jaundice-
‘ree tor most of the 70 days of survival. However, the
canalicular enzymes were high from the second week
onward (Fig. 9). Two months after transplantation,
cterus finally ceveloped ang it was ascnbed to partal
obstruction of the reconstructed bile duct. At autopsy,
the entire bihary tract was filled with inspissated bile,
and most of the biliary ducts were denuded of epithe-
ium. In contrast, the second patient remained ictenc
(Fig. 10) and comatose after the operation. The xe-

nograft had the same cholestatic picture as the first one
despite adequate biliary anastomosis. In both patients,
the jaundice was not particularly responsive to aug-
mented immunosuppression with steroid boluses and
increased maintenance doses of prednisone.
Hypoaibuminemia was evident in both patients (<2 gm%)
in spite of other adequate synthetic function including
prothrombin time (34). Renal failure was inevitabie in
both patients. It developed in the first recipient after 21
days, whereas the second patient became anuric imme-
diately after the transpiantation.

Although the cause of death in both cases was mui-
tifactorial, the first recipient succumbed to ruptured in-

tracerebral mycotic aneurysm due to disseminated .

asperqiilosis and the second died of pentonitis second-
ary to an anastomotic leak at the jejunojejunostomy of
the Roux-y biliary reconstruction (34). Meanwhile, nei-
ther of the 2 hepatic xenografts provided adequate func-
tion despite the absence of significant histopathologic
abnormalities. Immunoperoxidase staining revealed no
evidence of reinfection of the hepatic ailograft with HBV
in either case.

There was little histopathologic evidence of humoral
or cellular rejection of these 2 liver xenografts. Only
one of the 5 biopsies opbtained from the first patient (post-
operative day 12) had a mild focal cellular rejection and
none of the 7 biopsy samples taken from the second
patient showed any definite evidence of cellular rejec-
tion by the conventional cntena used for hepatic al-
lografts. The hepatic xenograft of both patients was
entirely free of any histopathologic evidence of artentis
during the entire postoperative course. However,
sludging as weli as the presence of poiymorphonuciear
leukocytes was seen in the sinusoids of the xenografts
immediately after reperfusion, compatibte with the di-
agnosis of an aborted hyperacute rejecticn (36). Dur-
ing the first 2 weeks after transplantation. the total
compiement was depleted while complements C,, C,,
and C, became undetectable. During this tme, there
was binding of IgM and IgG in the grafts with appear-
ance of circulating immune complexes (36). After 10
days. the compiemant system settied down but irrevers-
ible damage may have been done which could be re-
flected in the form of difuse fine microsteatosis of the
graft.
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Figure 10. Clinical course of the second liver xenograft

(baboon-to-human) recipient.

SM. Solumedro! (methyipreanisolone); PGE. prostaglandin E: Bx, biopsy; ALT, alanine
aminotransferase; WBC, wnite blood ceils, (From: Starzi TE, Tzakis A, Fung J, Todo
S. Manno IR, Demetns AJ: Human liver xenotranspiantaton. Xeno 1993; 1(1):4-7.

Used by permission).
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ARter special staining procedures (immunostaining
or sex identification after fluorescence in situ hybridiza-
tion (FISH)), it was possible to determine if the individual
cells had come from the organ donor, the recipient's
own body, or both. In confirmatory investigations, the
donor and recipient contributions to any specimen couid
be separated by polymerase chain reaction (“DNA fin-
gerpninting”) techniques.

From these analyses and from supporting labora-
tory expenments in animais it was clear that within min-
utes after restoring the blood supply of any transplant,
myriads of sessile, but potentially migratory leukocytes
that are parn of the normal structure of all organs (pas-
senger leukocytes), left the graft and migrated ubiqui-
tously, while being repiaced in the transpiant by similar
recipient immunocytes unaer the cover of immunosup-
pressive drugs (Fig. 11). In this new context, the drugs
could be viewed as traffic girectors, ailowming movement
of the wnite cetls to and from the graft but preventing
the immune agestruction that is the normal purpose of
this traffic.

It is not known yet how the 2 sets of white ceils - a
smali populaton from the aenated organ and a large one
thatis, in essence, the entire recipient immune system of
the patient - reach an immunologic “truce.” However,
this IS SO comptete In some cases that iImmunosuppres-
sion can be stopped. particufarly after tiver transplanta-
‘ion but less canstantly with other organs. Such a stable
tiologic state can be induced more easily by the liver
han by other transplanted organs because of the iver's
nigher content ot the cntical leukocytes that apparently
included plun-potent stem ceils.

We have postulated that the previously unrecog-
nized migration from organ allografts ot donor teukocytes
and their ubiquitous persistence in recipient tissues is
the seminai expianation for ailograft acceptance and the
first stage i1n the development of donor specific
nonreactivity (tolerance) (37-41). With this hypothesis,
we undertook the augmentation of the donor leukocyte
‘0ad with a penoperative infusion of nondepieted bone
marrow in 16 nonconditionea recipients of livers (n=6),
kidneys {n=9), and a hear including 3 diabetics who
also were given pancreatic :stets. All 16 have good or-
gan transplant function ana easily detectable blood
macrochimensm (1-15%) after one to 12 postoperative
months. None nave had signiicant GvHD. It 1s too earty
0 attempt discontinuation therapy, but senal in-vitro test-
ing has revealed a pronounced trend to donor-specitic
nonreactivity (tolerance).
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DISCUSSION

During the last decade, survival after liver transpian-
tation has improved significantly with advanced medical
technology, greater surgical experience, better organ
preservation, and new, more effective immunosuppres-
sive agents. The recent introduction of FK506 has fur-
ther improved the survival and quality-of-life advantage
of hepatic transplantation when compared with our pre-
vious experience (42). A summary of the woridwide ex-
perience with FK506 was presented during the 1991 First
International Congress on FK506 and has been published
elsewhere (43), the drug recently compieted its “fast track”
journey through the FDA.

With the evoiution of a potent immunosuppressive
drug like FK5086, further improvement in patient and graft
survival may only be possible by perfecting the surgical
techniques with early detection and prompt correction of
technically flawed operations (44). However, even witha
perfect operation, recurrence of the primary liver disease
is a major threat to graft and patient survival after liver
transpiantation. It is weil known that candidates with ei-
ther active viral hepatitis and/or liver malignancy remain
at high risk of disease recurrence. The resuits of our
cumulative expenence with the prophylactic or therapeutic
use of antiviral agents have been unsatisfactory (45-47).
A role may emerge for thymosin, the new
immunomodulator for prevention or treatment of recur-
rent viral hepatitis among liver allograft recipients. The
survival benefit of our current protocol of treating liver
recipients carrying the penoperative diagnosis of pnmary
liver malignancy with intra-artenal and/or systemic che-
motherapy have yet to be determined, but the early re-
suits are less encouraging than hoped for.

The survival outcome after liver transplantation is
profoundly intfluenced by the recipient’s conaition at the
time of surgery, particularly if the preterminai or termi-
nal stages (UNOS 4 and 5) are reached. The best post-
operative 2-year survival rate was in the lowest risk
UNOS 1, 2. and 3 patients (83% combined) and the
worst results were those in UNOS 4 and 5§ (76% com-
bined). The continuing shortage of organs for trans-
plantation compounded by the current organ allocation
policies in the United States continues to impose a sig-
nificant mortality among the high-risk categories while
awaiting for liver replacement (48).

The recent achievement of satistactory long-term
survival of patents treated with combtned liver-intesti-
nal and mulliviscerai lransptantauon s justiticaton for
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