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Introduction

Summary

Graft versus host disease (GvHD) after liver transplantation has an incidence
of 0.1-1%. It is an infrequent but severe and mostly lethal complication.
Approximately, 80 cases have been reported in literature so far. A single center
experience is reported retrospectively. We performed a retrospective analysis of
1815 liver transplants in our center, transplanted over a period of 17 years. Five
patients (5/1815 = 0.28%) with histologically diagnosed GvHD were included
in the analysis. Onset of GVHD was between postoperative day (POD) 20 and
60. All patients developed skin rash, being the first symptom in four cases; one
patient had joint pain as initial symptom. Macrochimerism was confirmed in
all patients. Treatment consisted of augmentation of baseline immunosuppres-
sion (n = 4), methylprednisolone (n =4), and T-cell depleting antibodies
(n =3). One patient received no specific therapy because of her deleterious
condition. All patients died because of either haemorrhage or uncontrollable
infections. In our experience, GVHD has been an extremely rare, albeit deleteri-
ous clinical condition, which was resistant to classical immunosuppressive res-
cue regimens.

approximately 10°-10'°  immunological donor cells
remain in the portal tract of the graft after perfusion with

Graft versus host disease (GvHD) is a rare but mostly
lethal complication following liver transplantation (LTX).
The incidence was reported to be 0.1% by the United
Networks of Organ Sharing [1]; however, this serious
condition is believed to be underreported. Some clinical
trials reported an incidence of up to 1% [2]. In contrast
to that, acute GvHD in stem cell transplantation (SCT)
develops in 30-60% of recipients of sibling matched allo-
grafts. Mortality in these patients reportedly may reach
50% [3]. GvHD in LTX occurs less frequently; however,
if present, it is associated with much higher mortality.
Interestingly, the total number of lymphoid cells trans-
ferred into the recipient by a liver graft is comparable to
that typically administered during SCT [4], because
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preservation solution [5].

The mortality rate of acute GvHD following LTX
exceeds 75% [6]. Skin rash or fever is the most frequent
early sign, followed by leukopenia. In most cases, death
results from overwhelming sepsis or gastrointestinal
bleeding as a consequence of bone-marrow involvement
[6]. For diagnosis, a skin biopsy is advocated. Histological
signs are typical but not pathognomonic for acute GvHD.
The proof of macrochimerism (>1% chimerism in
peripheral blood), together with clinical symptoms indica-
tive of GvHD, is mandatory for confirming diagnosis [6].

Pathogenesis of GVHD is a multi-step process, which can
be divided into three phases. Initially, pro-inflammatory
cytokines like tumor necrosis factor-oo (TNF-o) and
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interleukin-1 (IL-1) are produced during pretransplant
induction therapy and surgical procedure. Second, alloreac-
tive donor T cells are activated by these pro-inflammatory
cytokines and can proliferate in the blood stream of the
recipient. The third phase is the effector phase and is char-
acterized by an increase in natural killer-cell and anti-host
cytotoxic T-lymphocyte activity, which induce apoptosis in
target cells. The associated increase in pro-inflammatory
cytokines leads to the ‘vicious circle’ of GVHD [7].

Because of the low incidence of GvHD in LTX, it
appears worthwhile analyzing single center experiences to
contribute to the current wisdom on GvHD in LTX. In
the following, the clinical outcome of five patients with
acute GVHD after LTX is presented and discussed.

Patients and methods

An analysis of 1815 patients who were liver trans-
planted between June 1989 and August 2005 was per-
formed. Patients were identified in our liver transplant
database according to the presence of histologically doc-
umented GvHD. Patients had given written consent
prior to transplantation that medical reports, personal
data, and biological/blood samples could be used in
medical research. The study was conducted according
to the ethical standards set by the center’s institutional
ethics committee.

Donor and patient HLA-class I and -class II typing was
performed by serological and/or moleculargenetic meth-
ods before transplantation. In all patients, a molecularge-
netic qualitative or quantitative HLA blood typing was
performed to confirm macrochimerism at the time of sus-
pected GvHD.

In the last two patients, a quantitative chimerism anal-
ysis was performed. DNA from the recipient was obtained
from peripheral blood samples, once pretransplant and
then at the time of onset of GvHD.

Donor and recipient DNA were distinguished by using
template DNA and PCR amplification for nine highly poly-
morphic independently segregating short tandem repeat
(STR) chromosomal loci plus the Amelogenin system
(Blue: D3S1358, vWA and FGA; Green: Amelogenin,
D8S1179, D21S11 and D18S51; Black: D5S818, D13S317
and D7S820; Red: Standard, Gene Scan-500 size standard
fragments-100, 139, 150, 160, 200, 246 and 300 basepairs).

Short tandem repeat profiles of recipient cells before
transplantation were compared with those after transplan-
tation. The difference shows the amount of donor cells
calculated by comparing the peak areas of donor and
recipient signals [8] (Fig. 1).

Literature analysis for the review of world experience of
GVvHD in LTX was performed as a MEDLINE-search with
the search criteria ‘GvHD and liver transplantation’.
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Results

Five patients with histological confirmation of GvHD were
identified. LTX had been performed because of HCV cir-
rhosis (n = 3), alcohol induced cirrhosis (n = 1), and afla-
toxin intoxication (#n = 1). Median age of patients was
58 years (range 30-64 years; male:female = 3:2). Basic
immunosuppression consisted of tacrolimus with trough
levels of 8-10 ng/ml (n = 4) or cyclosporin A (trough levels
(monoclonal) 200-250 ng/ml) (n=1), and steroids
(500-mg methylprednisolone intra-operatively, 250 mg
postoperatively, 1 mg/kg b.w. on POD 1-4, 0.5 mg/kg b.w.
on POD 5, 0.4 mg/kg b.w. on POD 6-10, then tapering)
(n = 5). Two patients had received induction with basilix-
imab (20-mg i.v. POD 0 and 4) in addition.

Onset of GvHD occurred between POD 20 and 60
(Table 1). GvHD initially manifested in the skin in four
patients, the other patient complained about joint pains
as first symptom. Therapy was performed with steroid
pulse therapy using 500-mg methylprednisolone on five
consecutive days in three patients. Three patients received
T-cell depleting antibodies [muromonab (OKT3) and /or
antithymocyte globuline (ATG-Fresenius, Bad Homburg,
Germany)], one of them exclusively without preceding
methylprednisolone. One patient did not receive specific
immunosuppressive therapy because of pre-existing intra-
cranial bleeding. All patients died 5-28 days (median
11 days) after onset of GvHD. Individual details are
described in the following:

Patient 1

A 30-year-old male patient was transplanted because of
acute liver failure caused by aflatoxin intoxication in
August 1993. Initial immunosuppression comprised
basiliximab (20-mg iv. POD 0 and 4), cyclosporine A
(CsA) (through level 200-250 ng/ml), azathioprin
(150 mg POD 0-6, 100 mg POD 7-11, then 75 mg),
and corticosteroids (according to standard protocol as
described above). On POD 28, the patient developed
CMV infection with fever and detection of CMV pp65
early antigen. Ganciclovir (300 mg iv. twice a day)
combined with anti CMV IgG 30 mg iv. three times
per week was applied. Treatment was switched to fosca-
vir (100 mg i.v. three times a day) because of worsen-
ing of fever. Four days later, he developed skin rash. A
skin biopsy revealed epidermal necrolysis, thus indicat-
ing Steven-Johnson syndrome or drug-induced toxic
epidermal necrolysis. Steroid pulse therapy was initiated
with a course of 500 mg i.v. on five consecutive days).
In the further course, the patient developed acute respi-
ratory failure requiring mechanical ventilation and acute
renal failure, which was treated with haemodialysis.
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Pneumonia caused by Enterococci species and Candida
albicans was diagnosed. HLA typing of peripheral blood
on POD 42 yielded donor HLA phenotype exclusively,
so that GvHD was assumed. Although ATG-therapy
(300 mg i.v. on six consecutive days) was initiated, the
clinical status further worsened. Treatment was switched
to OKT3 (2.5 mg iv. on three consecutive days) on
POD 48. While a reduction in CD3 positive lympho-
cytes from 90% to 60% in peripheral blood was
achieved, an estimated 80% of lymphocytes in periph-
eral blood were CD 8 positive and of donor origin.
Owing to low platelet counts, the patient developed
bleeding from the intestine and lung and died on POD
54 of cerebral bleeding. Postmortem biopsies of skin,
lung, and kidney showed no histological sign of GvHD.
Only in gut biopsy, histological signs indicative of
GVHD were observed.

Patient 2

A 44-year-old female patient was transplanted because
of alcohol induced liver cirrhosis in April 1998. Initial
immunosuppression comprised tacrolimus (trough levels
8-10 ng/ml) and corticosteroids (according to standard
protocol). On POD 7, the patient was re-transplanted
because of initial non-function of the graft. On POD
20, after re-transplantation, the patient developed skin
rash. Skin biopsy showed histological signs of GvHD.
Steroid pulse therapy with 500 mg methylprednisolone
on five consecutive days was applied initially
accompanied by plasmapheresis between POD 22 and
POD 30. Peripheral blood HLA typing revealed a

iv.
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positive mixed chimerism with HLA phenotypes of the
recipient and the second donor. Because of non-
response to the treatment, ATG 250 mg i.v. was given
on four consecutive days. Unfortunately, the patient
developed sepsis with multi-organ failure and died on
POD 31 after re-transplantation.

Patient 3

A 61-year-old male patient was transplanted because of
hepatitis C related liver cirrhosis in May 1998. Initial
immunossuppression comprised basiliximab (20 mg i.v.
on POD 0 and 4), tacrolimus (trough levels
8-10 ng/ml), and corticosteroids according to standard
protocol. Because of positive CMV-IgM serology with-
out CMV-pp65 positivity, pre-emptive treatment with
ganciclovir (5 mg/kg b.w. iv.) was performed between
POD 4 and 18. After recovery in timely fashion, the
patient was discharged from hospital on POD 37. He
was re-admitted on POD 64 for reasons of skin rash
and fever. Skin rash had become evident on POD 60.
A few days later, a skin biopsy showed histological
signs of GVHD and treatment was started with methyl-
prednisolone and ATG (500 and 300 mg respectively
i.v. on five consecutive days). Skin biopsy 14 days after
initiation of treatment showed a reduction in lymphoid
infiltration. HLA blood typing confirmed macrochimer-
ism in peripheral blood. Immunosuppression was
switched from tacrolimus to CsA (trough levels
200-250 ng/ml). On POD 78, the patient developed
agranulocytosis and, subsequently, C. albicans sepsis. He
died on POD 88 of multi-organ failure.
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Figure 2 Skin rash occurring as initial clinical sign in patient 4.

Patient 4

A 64-year-old female patient was transplanted because of
hepatitis C-related liver cirrhosis in October 2004. Initial
immunosuppression comprised tacrolimus (trough levels
8-10 ng/ml) and corticosteroids according to standard
protocol. After initial good recovery, the patient was dis-
charged from intensive care unit (ICU) on POD 7. She
was re-admitted to ICU on POD 15 because of worsening
of her neurological state. Intracranial bleeding was diag-
nosed by computed tomography. The neurological status
of the patient improved under anticoagulatory therapy
with heparin iv. However, mechanical ventilation was
initiated because of respiratory failure caused by
C. albicans pneumonia and a tracheotomy was performed.
Skin rash was observed on POD 35, which was initially
assumed to be drug induced (Fig. 2). On POD 40, the
patient revealed clinical signs of brain stem affection,
however, without signs of bleeding or infection in a mag-
netic resonance image of the brain. Histological signs of a
mild GvHD were diagnosed in a skin biopsy on POD 43.
STR typing of peripheral blood revealed macrochimerism
with 20% of circulating peripheral blood cells being of
donor origin. The patient died of pancytopenia and
multi-organ failure caused by septic shock on POD 47.
Postmortem biospies of the brain stem showed a T-cell
dominated panencephalitis, which was suspected to be
GvHD-related.

Patient 5

A 67-year-old male patient was transplanted because of
hepatitis C related liver cirrhosis in April 2005. Initial
immunosuppression comprised tacrolimus (trough levels
8-10 ng/ml) and corticosteroids according to standard
protocol. Because of initial non-function of the graft,
the patient was re-transplanted on POD 2. Standard
steroid protocol was re-established with 500-mg

© 2008 The Authors
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Figure 3 Skin biopsy (patient 4); hematoxylin—eosin; x40: manifesta-
tion of acute graft versus host disease: basal cell hydropic degenera-
tion and apoptotic eosinophilic keratinocytes within the epidermis
near the surface. The edematous dermis contains a scattered chronic
inflammatory cell infiltrate.

methylprednisolone iv. The patient recovered com-
pletely and was discharged from hospital on POD 27.
Four days later, he reported unspecific joint pains,
which were treated symptomatically with non-steroidal
anti-inflammatory drugs. However, two days later, he
was re-admitted to hospital because of weakness and
hypotension. Laboratory findings revealed agranulocyto-
sis and severe pancytopenia. Additionally, skin rash
commenced on POD 34. As drug-related aetiology
could not be confirmed, skin biopsy was performed on
POD 37. GvHD was diagnosed histologically (Fig. 3)
and treatment with steroid pulse (500-mg methylpred-
nisolone i.v. on five consecutive days) was initiated. A
biopsy of duodenal mucosa also showed signs of
GvHD. STR typing of peripheral blood after cell spe-
cific separation showed a macrochimerism with 67%
CD3 positive and 55% CD 34 positive donors cells,
respectively. Pancytopenia worsened with white blood
cell count down to 200/pl. The patient developed
C. tropicalis-induced sepsis. He died on POD 39 of
multi-organ failure.
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Review of literature

Literature search yielded 81 cases of GvHD after LTX,
which have been reported since 1987. (Table 2) [2,9,10].
These 81 cases include 13 cases of living donor LTX and
seven pediatric LTX. Immunosuppression consisted of
inhibitors,  azathioprine = or  myco-
phenolatmofetil, and corticosteroids. Median time of
onset of GVHD after transplantation was 25 days (range:
7-115 days). Chimerism — if determined — was positive in

calcineurin

the case of GvHD. Diagnosis was commonly confirmed
by histopathological examination of the affected organ
systems, clinical symptoms, and chimerism data. Therapy
consisted mainly of an increase of immunosuppression
(91.4%), either with an increase in corticosteroid doses
alone (10.8%) or in combination with polyclonal anti-
lymphocyte antibodies, OKT3, or anti IL2 receptor antag-
onists (89.2%). 18 patients survived long-term (survival
rate 22%). Three of the survivors were pediatric patients
and hence the survival rate in the paediatric population
rose to 43%. In 13 of the survivors, immunosuppression
had been increased as in the majority of reported
patients. In the other five patients, immunosuppression
had been withdrawn. They constitute a proportion of
71% of a total of seven patients treated by withdrawal of
all immunosuppressive drugs. Patient characteristics of
survivors and non-survivors did not differ. Main cause of
death was multi-organ failure because of infections or
intracranial bleeding.

Discussion

GvHD is an infrequent but severe complication following
LTX. As an estimated number of 10°-10' donor lym-
phoid cells are transplanted together with a liver graft [7],
chimerism regularly occurs over a period of 3—4 weeks
after LTX. Thus, GvHD predominantly occurs in the first
few weeks after LTX. However, there is one reported case
of late onset GvHD, 8 months after LTX, which was doc-
umented by chimerism analysis. A total of 96% of circu-
lating peripheral blood mononuclear cells were reported
to be of donor origin [11].

Whether macrochimerism with more than 1% of circu-
lating nucleated cells of donor origin in the peripheral
blood [12,13] commonly precedes GvHD is not yet clear.
However, at the time of diagnosis, it is assumed to be
indicative. This is reflected by our experience in which all
patients had macrochimerism in peripheral blood (see
Table 1).

Commonly, the first signs of GvHD are skin lesions
manifesting as skin rash [11]. GVHD may then affect also
other organ systems such as the lung, intestine, and the
brain [14]. Pancytopenia, which is uncommon in GvHD

Kohler et al.

after SCT, manifests regularly in patients with GvHD after
LTX [12].

Graft versus host disease after LTX occurs less fre-
quently than it does after SCT; however, mortality is
markedly higher. In SCT, the liver is a frequent target
organ of GvHD; in LTX, it is the origin of donor T cells,
which regularly affect the bone marrow, thus leading to
pancytopenia. Importantly, macrochimerism is only a
diagnostic tool in GvHD after LTX. Diagnosis of GvHD
after SCT has to be made according to typical clinical
signs and symptoms and histological signs in tissue sam-
ples.

Treatment strategies of GvHD after SCT versus LTX
reflect the different underlying pathoimmunological
mechanisms. GVHD after SCT is basically explained by
the fact that immunocompetent, host-reactive stem
cells are infused in high numbers and act against a
severe immunocompromised host with no or almost
no functional alloreactive adoptive immune response.
After LTX, there is also action of ‘host-reactive donor-
derived immune response’; however, the host immune
system is not ablated but only immunosuppressed at
various degrees. Hence, there is a possibility to evoke
or intensify host versus graft-derived T-cell immune
response.

Thus, agents in SCT are focusing on an increase in
immunosuppression. In LTX, it may be more reasonable
to focus treatment on the restauration of the host
immune system [15].

Two main risk factors for the development of GvHD
after LTX have been determined: HLA matching between
the donor and the recipient and the recipient age [1].
Donor-recipient compatibility for HLA-B but not for
HLA-A or -DR was identified as a significant risk factor
for the development of GVHD [9]. With an HLA-A and -
B mismatch of 3—4, the relative risk of developing GvHD
after LTX was estimated to be 1%. Relative risk increased
to 7% in the presence of 0—1 HLA-A and-B mismatches,
and reached approximately 12.5% in the additional pres-
ence of 0—1 HLA-DR mismatches [1]. Recipients of living
donor liver grafts have an increased risk of developing
GVvHD, as their genetic relationship may increase the
probability of HLA-match [16]. In our experience, no
correlation between mismatches and the incidence of
GvHD was observed, although mismatches were not
found to be significantly low (Table 1). None of the
patients who underwent living donor LTX at our center
was found to suffer from GvHD. With increasing age of
the recipient, the risk for GvHD seems to rise. It was
reported to be ninefold higher for recipients older than
65 years of age compared with younger recipients [2].

With regard to risk factors for developing GvHD after
LTX, no correlation of autoimmune hepatitis or alcoholic

© 2008 The Authors
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Table 2. Review: GvHD-cases reported in literature.

GVvHD after liver transplantation

Onset
Reference Patients Inc. Basic IS POD Chimerism  Therapy Outcome
Soejima et al. (2004) [16] 4 FK, CsA, AZA, 27-114 4 x + IS increased with 2 x alive
PSL, MMF FK, PSL, CsA, ATG 2 x dead
Smith et al. (2003) [2] 13 adults 1.2% CNI, AZA, PSL 8115 + IS increased with PSL, 12 x dead
anti L-AB 1 x alive
Key et al. (2004) [35] 7 adults 1.7% CNI, AZA, PSL 14-56  + IS increased with 5 x dead
PSL, ATG, 2 x alive
Basiliximab
Perri et al. (2007) [36] 5 ‘Standard 23-35 + PSL, ATG, anti IL2R 5 x dead
immuno-
suppression’
Kamei et al. (2006) [37] 8 ? 14-114 ? ? 8 x dead
(2 x child)
Chinnakotta et al. (2007) [38] 3 2 x MMF, FK, PSL  7-70 + Stop of IS 2 x alive
1 x CsA, PSL, Rapa 1 x dead
Roberts et al. (1991) [10] 4 CsA, AZA, PSL, 18-42 ND 3 x IS increased with PSL, 4 x dead
antiL-AB anti L-AB
1 x IS decreased
Burdick et al. (1988) [39] 1 CsA, AZA, PSL 21 + ATG, PSL Alive
Bhaduri et al. (1990) [13] 1 child AZA, PSL 23 + Anti-L-AB, PSL Dead
Marubayashi et al. (1990) [40] 1 CsA, AZA, PSL 13 + Anti-L-AB, PSL Dead
Merle et al. (1990) [41] 1 ? 30 ? Anti-IL2R Dead
Jamieson et al. (1991) [42] 2 CsA, PSL, AZA, 18,30 + CsA, PSL, ATG 1 x dead
IL2-R blocker 1 x alive
Comenzo et al. (1992) [43] 1 child CsA, PSL 95 + IS increased Alive
Collins et al. (1992) [44] 1 CsS, AZA, PSL 35 + PSL Dead
DePaoli et al. (1992) [45] 1 ? 14 + ATG, PSL Dead
Joysey et al. (1992) [46] 1 ? 38 + ATG, PSL Dead
Mazzaferro et al. (1993) [47] 1 CsA, PSL 17 + PSL Dead
Rosen et al. (1993) [48] 1 ? 24 ? anti L-AB Dead
Redondo et al. (1993) [49] 1 ? 25 + OKT3, PSL Alive
Neumann et al. (1994) [50] 1 CsA, AZA, PSL 32 + ATG, OKT3 Dead
(included in our
own data)
Cattral et al. (1994) [51] 1 child CsA, PSL 16 + PSL Alive
Pageaux et al. (1995) [52] 1 CsA, AZA, PSL 18 + ATG, PSL Dead
Connors et al. (1996) [53] 1 FK, PSL 24 + ? Dead
Sanchez et al. (1996) [54] 1 CsA, AZA, PSL 34 + OKT3 Dead
Whitington et al. (1996) [55] 1 child CsA, AZA, PSL 34 + ATG, than Stop of IS Alive but
chronic GvHD
Burt et al. (1996) [56] 1 ? 28 + PSL Dead
Kiuchi et al. (1998) [57] 1 child ? 27 + ? Dead
Aziz et al. (1998) [58] 1 CsA, AZA, PSL 15 ? ATG Alive
Paizis et al. (1998) [59] 1 ? 21 + OKT3 Alive
Schmuth et al. (1999) [60] 1 FK, PSL 7 + AZA, PSL Dead
Joseph et al. (1999) [61] 1 CsA, AZA, PSL 35 CsA Stop, Dead
cyclophosphamide
Merhav et al. (1999) [62] 1 FK, PSL 30 + Stop of IS, then Dead
PSL. CsA, ATG
Hahn et al. (2000) [63] 1 CsA, PSL 35 + OKT3 Dead
1 FK, PSL 21 + Stop of IS Alive
Hanaway et al. (2001) [64] 1 ? 18 ? ATG, PSL Dead
Knox et al. (2002) [65] 1 Lung FK, MMF, PSL 17 + PSL Alive
Lehner et al. (2002) [9] 1 FK 21 + Stop of IS Alive without IS
Hara et al. (2004) [66] 1 CsA, PSL 20 + Change of CsA Dead
to FK, ATG
Pollack et al. (2005) [16] 1 FK, MMF, PSL 240 + OKT3, SCT Dead
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Table 2. continued

Onset
Reference Patients Inc. Basic IS POD Chimerism Therapy Outcome
Domiati-Saad et al. (2005) [67] 2 ? ? + ?
Whalen et al. (2005) [68] 1 FK, PSL 15 ND FK higher, PSL Dead
Schrager et al. (2006) [69] 1 CsA, AZA, PSL 28 + IS increased Dead

GVvHD, graft versus host disease; POD, postoperative day; FK, tacrolimus; AZA, azathioprine; CsA, cyclosporine A; CNlI, calcineurine inhibitors; PSL,
prednisolone; MMF, mycomofetilphenolate; IS, immunosuppression; OKT3, munonomab; ATG, anti-thymocte globuline; SCT, stem cell transplan-
tation; AntiL-AB, anti-lymphocyte antibody; Anti-IL2R, anti-IL2 receptor antagonist; LDLT, living donor liver transplantation; PTLD, post-transplanta-

tion lymphoproliferative disease; Rapa, rapamycin.

liver cirrhosis in combination with glucose intolerance
and HCC could be detected in our series as previously
described by Chan ef al. [17].

Pretransplant recipients’ immunodeficiency has been
supposed to be a risk factor. Two of the patients in our
series had been re-transplanted because of initial non-
functioning and thus had received immunosuppression
before re-transplantation. Additionally, they received a
second course of induction therapy, contributing to a
higher degree of immunosuppression.

Three of our patients had infectious episodes prior to
diagnosis of GvHD. Two of them had CMV infections
and one a fungal infection with C. albicans. CMV infec-
tion was described as a risk factor for the development of
chronic GvHD because of CD13-specific autoimmunity
after LTX [18]. No such correlation is known about fun-
gal infections. As a common aspect, all of the reported
five patients were in a bad condition of health prior to
development of GvHD. Taking the described viral and
mycotic infections and the two re-transplantations into
consideration, a state of over-immunosuppression may be
suspected.

With regard to treatment, data suggest that an early
start of therapy is no determinant of outcome. Broad
antibiotic and antifungal prophylaxis is pivotal, because
septic complications are frequent in GvHD [19]. Three of
the patients in our series died of fungal sepsis, all suffer-
ing from severe leucopoenia. CMV prophylaxis should be
considered as well, as GvHD often is accompanied by
CMV infection [20].

In SCT, high dose corticosteroids are the first line ther-
apy [21,22]. This applies also to GvHD following LTX
[2]. T-cell depleting antibodies are considered second line
therapy in GvHD after SCT; however, a durable response
is rarely seen. Survival of patients with GvHD is report-
edly less than 20% at 6 months [23-25]. OKT3 can even
worsen GVHD because of proinflammatory cytokine
release caused by leukocyte destruction.

Interleukin-2 was demonstrated to be a key mediator
for the development of GvHD. Hence, its membrane
bound ligand, CD 25, appears to be an attractive target

for drug intervention in GvHD. There are three reported
patients in whom anti CD25 mAbs were administered. All
three patients were cured of GvHD [26,27]. In SCT,
40-50% of steroid-resistant GVHD patients responded to
anti-CD25 mAbs. However, a high risk of infectious com-
plications during therapy was reported [28-30].

Tumor necrosis factor-a also plays an important role in
the pathogenesis of GVHD and may therefore be an inter-
esting therapeutic target. There are some single reports
using infliximab, a chimeric anti TNF-o mAb, against
GvHD. Despite reducing some of the symptoms and organ
manifestations, reported outcomes were poor [31,32].

As previously mentioned, it may be reasonable to focus
treatment of GvHD in LTX on restoration of the host’s
immune system. Thus, there are recent reports of three
patients with GvHD after LTX in whom immunosuppres-
sion was stopped. Two of them survived, indicating a bet-
ter outcome with this therapeutic strategy [9,33], by
inducing a host-versus graft alloimmune response against
host-reactive donor-derived cells. Additionally, withdrawal
of immunosuppression may help the recipient’s immune
system to reconstitute itself and thereby reduce the risk of
infection. In terms of risk of developing uncontrollable
rejection in this setting, it seems that in patients with a
peripheral chimerism of more than 10% after LTX,
immunosuppression may be reduced or even withdrawn
without an increased risk of rejection [34].

On the first view, as a further appealing option,
re-transplantation may have been considered for GvHD
after LTX. Theoretically, GvHD may be terminated by
just removing the graft. However, so far there are no
data in literature supporting the idea of eliminating the
donor-aggressive graft as an effective therapeutic option.
One of the major doubts is the fact that the donor-reactive
alloimmune response is no longer generated by the liver
itself, but by donor cells, which have already spread into
the periphery and bone marrow of the host. In the context
of GvHD and LTX, data are scarce in a considerably dif-
ferent setting on applying LTX for chronic GvHD after
SCT with the liver being the target and not the origin of
the graft versus host immune response [15].

© 2008 The Authors
448 Journal compilation © 2008 European Society for Organ Transplantation 21 (2008) 441-451



Kohler et al.

In summary, an underestimation of the susceptibility
for the development of GvHD after LTX may be assumed.
In the case of symptoms consistent with GvHD, such as
fever, skin rash, pancytopenia or diarrhoea, tissue samples
of the affected organ and macrochimerism by STR in
peripheral blood should be analyzed to diagnose GvHD.

Treatment remains challenging and mortality is still
very high. Treatment strategies developed for patients
with GvHD after SCT may be insufficient in patients after
LTX. Withdrawal of immunosuppression at all may turn
out to be most beneficial.
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