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Abstract
Liver transplantation (LT) remains the only curative option
for patients suffering from end-stage liver disease, acute liver
failure and selected hepatocellular carcinomas and access to the
LT-waiting list is limited to certain strict indications. However, LT
has shown survival advantages for patients in certain indications
such as acute alcoholic hepatitis, hepatocellular carcinoma outside
Milan criteria and colorectal cancer metastases. These newer
indications increase the pressure in an already difficult context of
organ shortage. Strategies to increase the transplantable organ pool
are therefore needed. We will discuss here the use of HCV positive
grafts as the use of normothermic isolated liver perfusion. Belgian
Liver Intestine Advisory Committee (BeLIAC) from the Belgian
Transplant Society (BTS) aims to guarantee the balance between
the new indications and the available resources. (Acta gastroenterol.
belg., 2021, 84, 347-359).
Key words: Liver transplantation, HCC, HCV, Alcoholic hepatitis,
colorectal cancer metastasis, machine perfusion.

Introduction
Liver transplantation (LT) remains the only curative
option for patients suffering from end-stage liver disease,
acute liver failure and selected hepatocellular carcinomas
and access to the LT-waiting list is limited to certain strict
indications. However, recent studies have shown survival
benefit with LT over conventional treatment for alcoholic
hepatitis (AH) and hepatobiliary cancers (especially
hepatocellular carcinoma, HCC) outside the current
transplantation criteria and even for hepatic metastatic
disease (especially colorectal metastasis), conditions that
are currently not widely recognized as indications for
LT (1,2,3-7). Such emerging new indications for LT are
likely to put additional strain on an already challenged
field suffering from donor organ shortage, emphasizing
the importance of a balance between indications and
resources. The Belgian Liver Intestine Advisory Committee (BeLIAC) of the Belgian Transplantation Society
(BTS) aims to guarantee such a balance by critically
reviewing LT emerging evidence on new LT indications
as well as any efforts made on expanding the donor pool.
In this paper, we will discuss emerging indications for
LT in AH, HCC, and colorectal liver metastases and then
highlight two of the latest innovations to increase the
donor pool, namely the effect of direct acting antivirals
(DAA) on hepatitis C (HCV) (6,7) and the use of HCV
positive grafts as the use of normothermic isolated liver

perfusion (NILP) as a platform to preserve, assess and
resuscitate liver grafts trying to face organ scarcity.

Emerging indications for liver transplantation
A. Liver transplantation for refractory alcoholic hepatitis
Alcoholic liver disease is one of the most frequent
indication for LT in Belgium and in the Western world.
A six-month rule of abstinence is the usual requirement
before a patient can be listed for LT for this indication
and is driven by social and ethical considerations
as well as avoidance of futile transplantations (8,9).
Refractory AH is not a classical indication for LT as
the six-month abstinence rule does not apply. AH is a
clinical syndrome corresponding to clinical, biological,
and histological criteria. Clinically, it is characterized
by recent onset of jaundice, with or without other signs
of liver decompensation (i.e. ascites and/or encephalopathy), in patients with chronic alcohol abuse (10).
Laboratory findings include hyperbilirubinemia (>3 mg/
dL), serum levels of AST >50 IU/ml, although rarely
above 300 IU/ml, and an AST/ ALT ratio greater than
1.5 (11). Histologically, presence of steatosis, hepatocyte
ballooning, and an inflammatory infiltrate with polymorphonuclear neutrophils are the criteria required
for the diagnosis of AH (10). In its severe form, AH is
characterized with mortality rates as high as 50% at 3
months without treatment and is the form of alcoholic liver
disease that carries the poorest prognosis. Corticosteroids
given orally (40 mg prednisone for a maximum of 28
days) are the recommended therapy for severe forms of
AH. In a recent meta-analysis with individual participant
data, patients treated with corticosteroids had a lower
probability of death at 1 month compared to untreated
patients (12). However, the benefit of corticosteroids is
not sustained beyond 1 month. Moreover, the applicability
of corticosteroid therapy is further restricted by concerns
about the risk of sepsis. One major improvement in
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the management of patients with severe AH in the last
decade, is the possibility to early evaluate response to
therapy. The Lille model, which is based on pretreatment
liver function parameters plus the evolution of bilirubin
serum levels at day seven of a course of corticosteroid
therapy was developed. This score ranges from 0 to 1; a
score ≥0.45 indicates non-response to corticosteroids and
is associated with a very high risk of six-month mortality
(ranging from 70 to 80%) (13). As corticosteroids allow
only a modest improvement in prognosis and because
there is currently no other therapeutic option for nonresponders to corticosteroids, LT could be lifesaving and
has been proposed in highly selected patients. In 2005, a
French consensus conference recommended pilot studies
to evaluate early LT in carefully selected patients with
severe AH and non-responder to medical therapy (14).
Current available data on liver transplantation for refractory AH
Several studies have demonstrated the benefit of LT on
the prognosis of selected patients suffering from severe/
refractory AH. In the first French-Belgian landmark
study, 26 patients with severe AH not responding to
medical therapy were selected using a strict selection
process and underwent a LT within a median of 13 days
after nonresponse to medical therapy (1). As expected,
6-month and 2-year survival rates of transplanted patients
were better than that of non-transplanted matched nonresponders: 77% vs. 23% at 6 months and 71% vs. 23%
at 2 years, respectively. Alcohol relapse after LT occurred
in 3 patients after 720 days, 740 days and 1140 days. One
patient had harmful drinking while the 2 others were
occasional drinkers. There was no graft loss related to
alcohol relapse during the follow-up period.
Then, experiences of LT for AH coming from the
United States (US) were published and confirmed the
benefit in terms of survival in non-responders to medical
therapy, with an acceptable rate of alcohol relapse after
LT. Data on outcomes after LT in patients with AH were
then synthetized in a meta-analysis (15). This metaanalysis included studies in which patients with recent
jaundice and severe AH were transplanted, as well as
studies in which AH was discovered on the explant. The
overall 6-month survival rate was 85% and was similar
to that of patients transplanted for alcoholic cirrhosis.
Fourteen percent of patients had alcohol relapse in the
subgroup analysis including only studies of patients
transplanted for severe AH that used stringent criteria
for selecting candidates. This rate of alcohol relapse after
LT was similar to that of patients with alcoholic cirrhosis
who underwent LT after a sobriety period of at least 6
months.
More recently, the results of a large multicenter
observational US study were published (ACCELERATEAH) (16). This study included 147 patients with severe
AH without a prior diagnosis of liver disease who
underwent LT before 6 months of abstinence from
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2006 to 2017 in 12 centers. The survival rate of the 141
transplanted patients was excellent (94% at one year and
84% at 3 years). Alcohol relapse occurred in 40 liver
transplant recipients (28%), with a minority of patients
drinking harmfully (11%). The only factor associated
with alcohol relapse after transplantation in multivariable
analysis was younger age.
The first prospective study evaluating early liver
transplantation (eLT) in patients with severe AH not
responding to medical therapy (the French-Belgian
QUICKTRANS study) was presented in an abstract
form at the last Liver Meeting (17). The primary aims
of this study was to compare 2-year alcohol relapse
and survival between patients with severe AH selected
and transplanted for eLT (68 patients), and patients
transplanted for alcohol-related cirrhosis with at least
6 months of abstinence (93 patients). Two-year alcohol
relapse was 33,8% in patients receiving eLT for severe
AH and 24,7% in patients transplanted for alcoholrelated cirrhosis (non-inferiority hypothesis between
the 2 groups not demonstrated). Two-year survival was
similar between both groups (89,7% and 88,1% in eLT
group and alcohol-related cirrhosis group, respectively).
Ethical considerations surrounding the use of LT in AH
patients
Considering early LT for patients with refractory AH
has raised the problem of equity in liver graft allocation
in the specific setting of alcoholic liver disease (18, 19).
Several lines of arguments are often put forward to refuse
patients with AH for LT. Most common reasons are :
(i) hope that liver function will improve after alcohol
withdrawal which would make LT unnecessary; (ii)
fear that alcohol relapse could have a negative impact
on prognosis which would make liver transplant, if not
useless, at least of limited utility; (iii) fear that considering
LT in patients with a self-inflicted disease could raise a
problem of equity in liver graft allocation and in both
public opinion and healthcare providers who participate
in candidate selection which could reduce the number of
potential donors; and finally (iv) organ shortages.
The possibility to offer an early liver transplant to
these patients challenges the traditional 6-month rule
of abstinence. While the positive effect of alcohol
abstinence on liver function is well established in patients
with alcoholic liver disease, this effect takes at least 3
months to be significant. As most non-responders to
corticosteroids died within 3 months after the onset of the
disease, this option is not conceivable for patients with
refractory AH. Hence, new criteria to select patients with
refractory AH who are at low risk of alcohol relapse after
LT that should not be based on the duration of abstinence
are needed.
Health-care providers are afraid of considering LT in
AH patients for a potential higher risk of alcohol relapse
after LT, due to the absence of a significant period of
abstinence before LT. Although long-term data are still

Liver transplantation in 2020, position of the Belgian Liver Intestine Advisory Committee
needed, some recent reports indicate that only few patients
with refractory AH who underwent early LT returned to
alcohol consumption after transplantation, and the risk
of alcohol relapse in those patients does not appear to
be higher compared to patients transplanted for alcoholrelated cirrhosis and a period of abstinence of more than 6
months before LT. This favorable result is likely related to
the fact that studies that assessed this issue applied a very
strict selection process to select candidates. Therefore,
the rate of alcohol relapse probably depends on the mode
of assessment before LT. Several criteria were proposed
to select candidate before to be considering for LT: the
patient must present his/her first liver decompensation
event, should have a strong family support, should
not present psychiatric disorders and should adhere to
lifelong alcohol abstinence programs. When applying
these criteria, only 14% of AH transplanted patients
for severe/refractory AH had recurrent alcohol intake
after LT (15). However, this selection process is still
imperfect and needs to be refined. For example, the
criterion of a first liver-decompensating event as a
prerequisite to select candidates may be considered as
unfairly discriminative as some patients in whom AH
is not the first decompensation event may present other
favorable prognostic factors of future abstinence. In line
with this, the identification of factors associated with
alcohol relapse in the recently presented French-Belgian
QUICKTRANS study will be of high interest to help
transplant teams to select early LT candidates in daily
practice (17).
One common moral judgement against AH patients
is that AH is a self-inflected disease. This argument is
discriminating when considering the principles of beneficence, non-maleficence, equity and justice that are
essential in human care. In addition, AH results from
a combination of many factors that includes individual
predisposition, a point largely supported by the observation that a minority of excessive drinkers suffer from
AH. Thus, AH patients cannot be considered as entirely
responsible for their disease and refuting LT in these
patients could be seen as a second punishment after the
occurrence of AH. Moreover, clinicians and the public
opinion are used to consider LT for other self-induced
diseases such as suicide related acetaminophen-induced
liver failure or obesity-induced cirrhosis without raising
any ethical issue in graft allocation. Thus, the notion
of merit to be treated is against all ethical principles in
medicine and it should not, in it-self, be considered as an
obstacle to have access to any treatment.
Lastly, the impact of refractory AH as a new indication for LT on LT activity may be viewed as a limitation.
However, if we consider that, among 38% of nonresponders to corticosteroids, less than 10% are eligible
for LT when a strict selection process is applied (a
percentage observed in the Mathurin’s study), then only
3% of all patients with severe AH would be candidates
for LT. In a country as Belgium in which we assume
that approximately 120 patients with severe AH are
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diagnosed every year, 4 of them would be candidates
for LT, a number that should not impact that much liver
transplant activity.
In conclusion, there is sufficient evidence to support
the fact that LT is life-saving in selected severe AH
patients. BeLIAC have therefore decided that in these
selected patients eLT could be performed in Belgium.
Equity should be respected in the setting of AH as in
other conditions in which LT is discussed. In the future,
optimization and harmonization of the selection criteria
between centers are needed. We also need tools to predict
alcohol relapse after LT and improve management of
alcohol use disorder after LT.
B. BeLIAC, Hepatocellular carcinoma and FDG-PETCT
In recent years, a new concept named transplant
oncology has emerged, opening new therapeutic options
in the treatment of cancers involving the liver (4).
Hepatobiliary cancers have been the first indications
for LT but were rapidly abandoned because of dismal
oncological results until better characterization of the
optimal recipients.
In Belgium and the other Western countries, HCC
complicating cirrhosis has become one of the leading
indications for LT and a major research interest for
BeLIAC (20,21). As there is a lack of deceased liver
donors, the liver allocation system of many countries
has included a tight selection of the HCC patients who
may benefit the most from LT, with the lowest risk of
recurrence. For years, this risk of HCC recurrence was
related only to the size and the numbers of the HCC
nodules, following the so-called “Milan Criteria”
(22,23). As such, in the actual Eurotransplant patientoriented graft allocation, patients suffering from HCC
complicating cirrhosis receive “standard exception” (SE)
points to allow LT in a timely manner, if HCC is limited
to one nodule not exceeding 5 cm of diameter, or three
nodules not exceeding 3 cm (4). However, it is clear
that, if size and number matter, the biology of the HCC
itself is also of great importance. Some centres have been
using extended LT criteria for HCC and reported good
results, confirming that the criteria based only on size and
number might be too tight and that some HCC patients
might be wrongly excluded from LT by the Milan criteria
(22). The Milan group more recently proposed the “upto-seven criteria” with 7 being the sum of the size of the
largest tumor in cm and the number of tumours, achieving
a 5-year overall survival of 70% (24).
Beside size and number of nodules, the HCC aggressiveness might be evaluated by tumor differentiation and
by the presence of microvascular invasion at biopsy.
However, HCC biopsy might be difficult in cirrhotic
patients. In addition, biopsy is not always reliable,
particularly in multinodular HCC, and differentiation
of one nodule is not always consistent in the whole
tumoral mass. Due to these pitfalls, HCC biopsy is not
Acta Gastro-Enterologica Belgica, Vol. 84, April-June 2021
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used for deceased liver allocation, but for diagnosis.
Alfa-fetoprotein (AFP) is also a surrogate marker of
HCC differentiation and was associated to microvascular
invasion, increased recurrence rate, and reduced survival
after LT (24). In France, Duvoux et al. developed a
prognostic model, that combines AFP level and HCC
tumor size and number, with different cut-offs for each
variable for predicting recurrence after LT (3). This
model allowed better selection of HCC patients with low
or high risk of recurrence, compared to the Milan criteria,
and has been adopted into the official liver allocation
policy in France since 2013.
Recently, captation of 18F-fluorodeoxyglucose
(FDG) at positron emission tomography (PET) has
been proposed to evaluate HCC biology. FDG-PET/CT
is now considered in the staging of HCC patients prior
to listing for LT and is covered by the Belgian social
security system in this indication. The interest of FDGPET was pointed out in a recent important retrospective
study showing that negative PET/CT was an independent
clinical predictor of DFS in patients within up-to-seven
criteria (25). The LT group of the University Hospital of
Liege published its retrospective series showing FDGPET/CT with an RSUVmax cut-off value of 1.15 as a
strong prognostic indicator. Interestingly in this series,
the risk of recurrence did not differ in HCC Milan-out/
FDG-PET negative patients when compared to HCC
Milan-in/FDG-PET negative patients (26). This finding
confirmed other retrospective mono-centric studies (27).
To confirm these preliminary data, Be-LIAC recently
initiated a prospective study evaluating LT indication
in patients with PET/CT negative HCC outside Milan
criteria, but inside the up-to-seven criteria. This original,
prospective and multicentre study, including the 6 Belgian
LT centres, might have a major impact on selection of
HCC LT candidates and might offer hope for curative
management for these patients.
C. Liver Transplantation for colorectal cancer liver
metastases
Colorectal cancer (CRC) is the third most frequently
diagnosed cancer in men and the second in women with
more than one million eight hundred thousand new cases
and almost 850,000 deaths per year worldwide (WHO).
The incidence and mortality of CRC vary considerably
from country to countr y (28,29) and the condition
affects increasingly younger patients (29). Liver
metastases (CRMets) are present in 15-20% of patients
at the time of diagnosis and 20-25% of non-metastatic
patients will develop CRMets within three years of their
primary colonic tumor surgery (30,31). Liver surgery
remains the cornerstone of the management of these
patients, but less than 25% of them are immediately
resectable (32). The response to current chemotherapies
has significantly increased resectability by decreasing
hepatic tumor volume. However, the situation remains
worrying for patients who remain inoperable: average
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survival of 2 years from the first line of chemotherapy
and overall survival at 5 years of less than 10% (32-35).
Furthermore, these figures do not seem to be improved
by the combination of chemotherapy with loco-regional
ablative techniques such as radioembolization (36).
In this background of poor prognosis in patients with
isolated liver disease, the option of total hepatectomy
has long been discussed. The first historical results of LT
in CRMets are very questionable (between 12 and 21%
5-year survival (37). They reflect a surgical reality of the
time and especially a lower quality in the selection of
recipients. Almost 93 cases are reported before 2000.
A new era has been initiated in Norway with the SECA
I study (2006-2011) : 21 patients are selected on the basis
of unresectable limited hepatic disease associated with
stability within a minimum of 6 weeks of chemotherapy
(6). The extremely encouraging results (60% survival
at 5 years) reignite the debate, compared with the same
cohort of the best respondents to chemotherapy alone
associated with targeted therapy (NORDIC VII study:
8.5% survival at 5 years ) (38). The gain in survival was
considerable (more than 50%). This potential benefit is
further improved by the definition in 2018 of the Oslo
criteria (39) : diameter of the largest metastasis less than
55 mm, CEA value before transplantation less than 80 ng
/ ml and stability of the disease under chemotherapy for
more than 24 months. The combination of these different
criteria allows these highly selected patients a survival of
around 83% at 5 years (40,41).
These results are nevertheless limited by the context
of organ shortage, but they reopen the debate in a context
where the considerable expansion of imaging techniques
and high throughput sequencing of tumor DNA allow
us to improve the evaluation of patients with colorectal
cancer. At the same time, new systemic treatments have
increased our ability to obtain tumor control.
Inspired by the Norwegian experience and driven
by these evolving elements, Professor René Adam
from the Paul-Brousse hospital in Paris, a pioneer in
hepatobiliary surgery, has initiated a new protocol for the
randomized evaluation of LT in colorectal metastases:
palliative chemotherapy alone versus chemotherapy and
liver transplant. The validation of this clinical research
protocol at the French national level prioritizes the
patients selected from the waiting list. After approval
by the BeLIAC, all Belgian liver transplant centers have
been participating in this protocol since the end of 2017.
The selection criteria remain, however, and rightly so,
requiring the approval of an international college of
experts.
There are therefore currently 7 study protocols evaluating the transplant in the irresectable CR-Mets (iCRMets)
and registered on ClinicalTrials.gov (42):
Liver transplant from cadaveric donors.
1. TRANSMET (NCT02597348) : Opened in 2015,
the French multicenter protocol evaluates the
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curative potential of LT for iCRMets as part of a
1:1 randomized protocol: chemotherapy alone vs
transplant plus chemotherapy. Patients allocated to
the LT arm benefit from a bonus on the Eurotransplant
waiting list.
The protocol is accessible to Belgian and Italian
patients since the end of 2018. The first belgian
patient has been transplanted in March 2019 with to
date 6 randomized patients from 2 belgian centers.
However, difficulties emerge from the randomization
and scientific ethics of leaving patients in the
chemotherapy arm after inclusion in contexts of
“borderline” resectability. We know in these patients
that even more marginal resection (vascular R1)
increases survival (43).
Another pitfall in this study is organ shortage and
secondary mortality on the waiting list. The protocol
access criteria are also extremely strict and discussed
for each patient within a group of international
experts. Paradoxically, the approval of files for this
consortium is made more difficult in patients with
a prolonged oncological history, yet a guarantee of
stability and a better prognosis.
2 SECA II (NCT01479608) : This Norwegian protocol,
an extension of the original SECA study, opened
in 2011 for 25 patients. The selection criteria are
based on those of Oslo: stability of 12 months after
resection of the primary tumor and CEA less than
100 ng / mL at the time of diagnosis. The randomized
phase 3 protocol targets patients with a minimum
of 6 resectable liver lesions, allocating them 1:1 to
either liver resection or transplantation.
3 SECA III (NCT03494946) : Modeled on the SECA II
protocol and started by the same Scandinavian team
in 2016, this protocol evaluates, according to the
same principle, for patients deemed to be unbreakable
from the outset, the transplant versus chemotherapy,
radioembolization, intravenous chemotherapy.
- arterial, stereotaxic or other radiotherapy. The
randomized phase III protocol is currently recruiting
30 patients.
Liver Transplant from living donation Adult-to-adult
LDLT or RAPID procedure: Since patients with CLM
as a rule of thumb have normal liver function and no
portal hypertension, their demands towards optimal graft
quality are lower than cirrhotic patients. Hence, the donor
pool could be expanded through extended criteria donor
and partial liver graft (split and living donor).
4 A Canadian protocol open since 2016 (NCT
02864485) : Single-center non-randomized living
donor transplant evaluation for iCRMets. The
control group under chemotherapy alone is made
up of patients excluded for a reason other than the
pejorative oncological evolution (absence of donor,
extra-oncological contraindication to the transplant).
The Toronto team varies in the use of left to right
grafts depending on volumetric considerations. Unfortunately, donor safety and small-for-size grafts
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remain an unresolved problem that have even led to
dual LDLT, with questionable ethics and technical
drawbacks. Five years ago, Line et al. described the
RAPID concept with discarded split left lateral lobe
a novel technique of two-step total hepatectomy for
CRLM associating left-liver resection with partial
orthotopic LT (POLT) and delayed right hemihepatectomy (44). This novel two-stage strategy
eases ethic debates around LDLT. The risk of liver
failure in donors is reduced after left hepatectomy.
Likewise, residual native liver shelters recipients
from possible temporary graft shortfall. This
ground-breaking ruse gives small grafts time to
regenerate, while residual native liver act as a stake,
which supports metabolic functions and prevents
emergency listing of patients whose primary
indication was controversial. LD-RAPID concept
may be a logical consequence of the RAPID strategy
(45) and an innovative and potentially paradigmchanging concept in the treatment of patients with
unresectable CLM. One major point is the ethical
justification for such a procedure, that is, putting
a living donor at risk for the treatment of another
person.
5 RAPID (NCT02215889): After the casuistic success
of the RAPID technique, the Norwegian group is
setting up a phase 1-2 protocol evaluating in 20
patients the auxiliary graft technique with 2-stage
hepatectomy from bi-segments of cadaveric donors.
6 Liver T (W) O Heal (NCT03488953): Combining
the technical innovation of Oslo and living donor
transplantation, the Tubingen team publishes the
use of a left mini-graft from living donor, implanted
orthotopically after left hepatectomy in the recipient
using the RAPID technique. They perform the
complete hepatectomy of the right liver 2 weeks
after the transplant. This Living Donor RAPID (LDRAPID) was described by Nadalin’s team in 2018
(46) and the technique being validated by an open
protocol in 201912. In May 2019, 3 of the 40 patients
had already been included and transplanted using
this technique. The selection criteria are unresectable
hepatic status and tumor stability or regression over
8 weeks of chemotherapy. The first step associates
grafting with colectomy for synchronous diseases;
there is therefore no evaluation of the prognosis
on criteria linked to the primary lesion (pTNM,
margins). Unlike the above studies, the authors do
not exclude patients with resectable lung metastases.
7 ALDAPT protocol (Associating Living Donor Left
APOLT and Right Portal vein ligation for Total
Staged Hepatectomy). This auxiliary transplant
protocol with a two-stage hepatectomy is open since
May 2020 in Brussels (47). It is open to patients with
iCRMets but also to patients with neuroendocrine
tumor metastasis and hepatocellular cancer on wellcompensated cirrhosis. Owing to the longstanding
experience already acquired with LDLT for children,
Acta Gastro-Enterologica Belgica, Vol. 84, April-June 2021
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the safety of the living donor was never a matter
of major concern. The results of the Cliniques
universitaires Saint Luc including 438 living left
liver donors for pediatric recipients confirm in 2020
the absence of mortality and / or major complications
and less than 18% of minor complications (48).

The original Norwegian SECA study sees the majority
of patients with recurrent lung tumors. An analysis of
the growth rates of these metastases has recently been
compared with those of metachronous lung lesions in
non-transplant patients (49). Growth does not seem to
be influenced by the immunosuppressive background.
At the same time, the overall survival at 5 years after
pulmonary resection in these transplant patients remains
satisfactory (51%) and can be superimposed on that of
patients without a transplant context. These data allow us
to consider patients with resectable lung disease for LT.
The stability of the disease remains, however, an essential
criterion in the selection of candidates and particularly in
the pulmonary metastatic context.
Most of the centers investigating TRH in iCRMets
are orienting their anti-rejection regimen towards
classic tri-therapy combining CNI, corticosteroids and
antimetabolites. An mTor inhibitor is added empirically
for its potential anti-oncogenic effect (50). The doses
administered are however much lower than those
demonstrating this effect. It is extremely difficult to
assess the potential effect of immunosuppression on the
course of established colorectal cancer. However, the
incidence of colorectal cancer in solid organ transplant
patients is identical to that of the general population
(excluding TRH for sclerosing cholangitis associated
with IBD) (51, 52).
These elements associated with the published
data on pulmonary metastases of SECA I lead us to
consider immunosuppression as monotherapy. The
immunosuppression protocol of SECA I consisted of
induction with basiliximab, sirolimus (mTOR inhibitor)
or tacrolimus the first four to six weeks then conversion
to sirolimus (SECA-II study).
This new step in the development of transplantation
oncology is conditioned by patient selection criteria:
the application of strict criteria reduces the risk of
recurrence after transplantation. Thus the combination of
pre transplant Fong Clinical Risk Score (node positive
primary, interval from primary to diagnosis of CRMets
<12 months, >1 liver metastasis, preoperative CEA level
>200 ng/ml, size of the largest lesion >5.0 cm), Oslo
Score and a low metabolic tumour volume at 18F-FDG
PET scan allows a 5-year overall survival up to 100 (40).
The question then arises as to whether the application of
overly strict criteria, which would nonetheless benefit
from a significant potential gain in survival, should lead
to the rejection of candidates (53).
LT for iCRMets therefore represents real hope for
patients otherwise doomed in the short term. Recent
results are directly conditioned by the selection criteria.
Acta Gastro-Enterologica Belgica, Vol. 84, April-June 2021

Ultra-selected patients have better survival and diseasefree survival than patients transplanted for hepatocellular
cancer Milan IN who benefit from standard waiting
list exceptions. However, the current mortality in the
cadaveric waiting list will not allow us to absorb these
new potential candidates. The option of living donation
should therefore be considered, but with all the ethical
issues of donation in the context of a debated oncological
indication. The principle of sequential total hepatotomy
associated with an auxiliary transplant then takes on its full
meaning: it applies a minimization and standardization
of risk taking in the donor as well as protection of the
recipient by preserving a hepatic metabolic reserve in the
initial phase of the transplant.

Emerging strategies to increase the donor organ
pool
A. Transplanting organs from HCV-positive donors into
HCV-negative recipients in the direct acting anti-virals
era: a changing landscape
The landscape of HCV has profoundly changed
with introduction of direct acting antivirals. Cure rates
are exceptionally high with an excellent safety profile
and treatment durations may be as short as 8 weeks
with powerful pangenotypic combinations. To date,
organs from HCV+ donors are only exceptionally used
for transplantation and generally directed to HCV+
recipients. However, transplant programs are facing
a rising demand for liver transplants and time on the
waiting list increases constantly. Therefore, the use
of HCV+ donors could represent a new opportunity to
expand the donor pool in the DAA era (54).
Nevertheless, one might still face an ethical problem
especially with the use of nucleic acid testing (NAT)
positive organs. The Hippocratic oath taken by every
doctor implies that our main consideration should be “first
do no harm”. Therefore, the use of HCV-NAT+ organs
for an HCV-negative recipient might be considered as a
detrimental act. High, almost universal HCV infection
or recurrence in the HCV-negative recipient is the rule,
which means that we are transplanting also a new disease
together with organ if no effective prophylaxis and/or
treatment is available. But this is precisely where the new
DAA regimens change the rules of the game.
The impact of HCV on graft and patient survival in organ
transplantation
The liver as a bystander
In non-liver organ transplantation, the liver is usually
a bystander that suffers the consequences of the viral
assault. If untreated, patients can develop a severe form
of hepatitis C known as fibrosing cholestatic hepatitis
or might suffer from accelerated fibrosis progression
that impact their quality of life and even survival.
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HCV infection might also have a detrimental effect
on the transplanted organ itself as, for instance, in
kidney transplantation (55-57). It is common practice
to discard HCV-infected subjects from organ donation
and consequently HCV-infected organs are currently
being largely underutilized to increase the pool of organs
available for transplantation.
The liver as a transplanted organ
Early studies found little evidence that either shortterm graft or patient survival was affected by transplanting
HCV+ grafts instead of HCV negative (HCV)) grafts
into HCV+ patients. It was concluded that similar graft
survival and equivalent if not increased patient survival
rates were evident in the HCV+ donor compared with the
HCV- donor for HCV+ recipients. This observation also
seems to hold true in the relatively rare situations where
NAT+ grafts have been transplanted into HCV- recipients
in the pre-DAA era (58-60). Recent studies confirmed
this trend with excellent short- and medium-term graft
and patient survival (61-63).
Even if one admits that the benefit-harm balance might
not be 100% neutral when HCV+ grafts are used for
HCV- recipients, we should not forget that the transplant
community already allows exceptions to this principal
of a neutral balance. We are using grafts from donors at
high risk of transmitting viral infections as for instance
in CMV or EBV donor/recipient mismatch or the use of
hepatitis B core antibody-positive donor grafts. Although
not 100% efficacious, prophylactic strategies exist for
preventing CMV and HBV infection in the recipient.
Therefore, the use of expanded criteria donors and the
related risks for the recipient, e.g. the risk of increased
rejection, development of CMV disease, HBV-related
hepatitis or even EBV-related post-transplant lymphoproliferative disease, is generally considered acceptable
(64).
Definition of an HCV+ donor
Classically, HCV serology testing is used for HCV
screening. However, this strategy might not be optimal in
organ transplantation for several reasons. A positive HCV
serology does not automatically mean infectivity. Studies
have shown that HCV transmission to the recipient
is low (less than 10% in some series) if the donor is
HCV NAT- which suggests that many HCV antibody+
but NAT- organs are being discarded without a clear
scientific rational behind (65-69). The window period
between infection and HCV antibody development can
be as long as 2 months which is extremely relevant if
one considers the use of potential high-risk donors
as defined by the CDC guidelines (70). In addition,
immunocompromised individuals do not necessarily have
antibody seroconversion in the setting of HCV viremia
as recently highlighted in recipients of HCV-infected
kidneys (71). The use of HCV nuclear acid testing (NAT)

Figure 1. — Time course for the development of HCV-RNA
(nucleic acid testing) and HCV antibody (serologic testing)
positivity after exposure to the virus

can reduce the window period to 5 to 7 days although is
does not completely eliminate the risk of missing active
HCV-infection in a subject with very recent exposure to
the virus (Fig 1.). Nevertheless, determination of HCV
viremia but not HCV serology should be the gold-standard
not only for assessment of donors but also for followup of recipients of HCV-infected organs. Consequently,
a true HCV-positive donor is in general both HCV-Ab
positive and NAT-positive. Testing for HCV-antibodies
alone is insufficient whereas a negative serological test
but positive NAT ascertains HCV-infectivity and high
risk of transmission. Finally, careful evaluation of HCVpositive donor livers for fibrosis prior to transplantation is
highly recommended since livers with advanced fibrosis
on histology should be discarded. This implies that predonation liver biopsies might be necessary especially
for donors beyond 35 years of age who are more likely
to have chronic infection and greater risk for having
advanced hepatic fibrosis.
Current experience in treating/preventing HCV infection
in HCV-negative solid organ recipients transplanted with
an HCV-positive graft.
Acceptance rates of HCV+ organs by patients and
doctors in the DAA era are constantly increasing and
more and more centers were considering using an
HCV-positive donor liver grafts in hepatitis C-negative
recipients. A recent survey revealed that many recipients
had a positive perception toward the use of HCV-viremic
organs and would accept such an organ if comprehensive
HCV-related pre-transplant education is provided (72).
Two strategies are currently employed for patients
who have received a transplant from an HCV-NAT+
donor. The first one consists of a preemptive approach
advocating the start of DAAs as soon as possible (within
the first hours/day) after transplantation without waiting
for a positive PCR test. This strategy would be difficult
to implement in Belgium given the reimbursement rules
for treatment and PCR testing in force.
The second strategy is a monitor and treat approach
that requires regular and frequent HCV-PCR testing.
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Figure 2. — Algorithm for a monitor and treat strategy after
transplantation of either an HCV RNA+ or an HCV antibody
(AB) but RNA- donor organ. DAA denotes direct acting antivirals and SVR sustained virological response.

Treatment is immediately started if at any time posttransplant HCV-RNA is detected (Fig. 2). This approach
also could be of particular interest in patients who
received an organ from an HCV-antibody positive but
NAT-negative donor since, as mentioned above, only a
minority of those recipients will become viremic after
transplantation. In addition, it seems reasonable to stop
PCR monitoring beyond 6 months if all previous tests
returned negative and the patient is deemed uninfected.
Table 1 summarizes the currently published real-world
data concerning the use of HCV positive donor organs in
HCV negative recipients, their concurrent DAA treatment
and success rates. Overall, treatment response rates were
excellent with sustained virological response (SVR) rates
largely exceeding 90%, similar to those obtained in nontransplant HCV-infected patients. No particular safety
signals have emerged in the transplant recipients in this
real-world experience (66,73-89).

Table 1. — Real-world data of HCV-positive organs transplanted into HCV- negative recipients (66,73-89)
Organ

N° of recipients HCVRNA +

HCV genotype

DAA therapy

SVR12

Bari et al. 2018

liver

4

1a, 3

LED/SOF±Rib
VEL/SOF

100%
(1 untreated)

Campos-Varela et al. 2018
Kwong et al. 2019

liver
liver

1
10

3
1a,b, 2b, 3

LED/DAC±Rib
LED/SOF±Rib
VEL/SOF±Rib
DAC/SOF/Rib

100%
100%

Bethea et al. 2020
Bohorquez et al. 2020

liver
liver

10
56

NA
1a,1b,2,3

Said et al. 2020

liver

8

1a,1b,2,3

GLE/PIB
GLE/PIB
VEL/SOF
GLE/PIB
VEL/SOF

100%
51 SVR (1 relapse with SVR after
second-line treatment), 5 ongoing
89%
1 death not HCV-related

Shah et al. 2017

Liver
Kidney

1
2

1a

LED/SOF±Rib

100 %

Crismale et al. 2020

Liver (kidney)
kidney

13
13

1a,1b,3

GLE/PIB
SOF/?

92% (1 death non HCV-related)
8 SVR, 5 ongoing

Kapila et al. 2020

Liver(kidney)
Kidney
Heart (kidney)

6
58
7

1a,3,4
1,2,3,4
1a,2

GLE/PIB
LED/SOF, GLE/PIB,
LED/SOF, GLE/PIB

3 SVR, 1ETR, 2 ongoing
41 SVR, 10 ETR, 7 ongoing
6 SVR, 1 ongoing

Franco et al. 2019
Durand et al. 2018

Kidney
Kidney

4
10

1a
1a, 2, 3

GLE/PIB
GZR/EBR GZR/EBR/
SOF

100%
100%

Kidney
Heart/kidney
Heart

20
1
10

1a
1a
1

GZR/EBR
GZR/EBR
GZR/EBR

100%
100%
90%
(1 death non HCV-related)

Bethea et al. 2019
Moayedi et al. 2018

Heart
Heart

20
2

NA
1a

GLE/PIB
LED/SOF
VEL/SOF

100%
100%

Schlendorf et al. 2018

Heart

9

NA

NA

90%
(1 death non HCV-related)

Zhu et al. 2020

Heart

3

1a

LED/SOF, VEL/SOF,
GLE/PIB

100%

Woolley et al. 2019

Heart
Lung

7
28

1,2,3

VEL/SOF

100%

Smith et al. 2020

Heart
Lung

22
16

1a,b, 2, 3

GLE/PIB

100%

Cypel et al. 2019

Lung

22

NA

VEL/SOF

91% (2 relapses; 1 death non
HCV-related)

Reese et al. 2018
Wettersten et al. 2019
McLean et al. 2019

DAA, direct-acting antivirals ; LED, ledipasvir ; SOF, sofosbuvir ; VEL, velpatasvir ; DAC, daclatasvir ; GLE, glecaprevir ; PIB, pibrentasvir ; GZR, grazoprevir ;
EBR, elbasvir, Rib, ribavirin ; SVR, sustained virological response ; HCV, hepatitis C virus ; NAT, nucleic acid testing.
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Renal insufficency

tacrolimus

ciclosporine

Siro/-everolimus

Others
Immunosupressors

Glecaprevir/ pibrentasvir (Maviret®)
Sofosbuvir/ velpatasvir (Epclusa®)
Elbasvir/ grazoprevir (Zepatier®)

genotype

Table 2. — DAA regimens and drug interactions with immunosuppressive medication

pan
pan
1b, 4

ok
GFR > 35ml/min
ok

 Tacro (1,5x)
ok
 Tacro (1,5x)

Avoid if possible (Maviret)
ok
Contra-indicated

Slight Siro/evero
ok
Slight Siro/evero

ok
ok
ok

Choice of DAA treatment and potential interference with
immunosuppressive regimens
For both strategies, a pangenotypic regimen is
generally to be the treatment of choice (sofosbuvir/
velpatasvir; glecaprevir/pibrentasvir) with a duration
ranging from 8 to 12 weeks. One could eventually opt for
elbasvir/grazoprevir for known genotype 1b or genotype
4 infection. Similar to non-transplant HCV-infected
patients, response to treatment should be monitored with
PCR testing at least at the end of the treatment course and
12 weeks after treatment cessation. To date, there is no
evidence that transplanted patients respond differently to
DDA treatment than the non-transplanted population (56,
90-92). Non-infection or sustained virological response
can reasonably be ascertained with a negative HCV-PCR
test 12 weeks after completion of treatment. In many
cases, this coincides with approximately the 6-month
post-transplant time point and implies that further
testing for HCV infection beyond this time point should
be avoided unless there is a high clinical suspicion of
infection. Some precaution is to be applied when DAAs
are used in the transplanted patients and more frequent
monitoring of blood levels of immunosuppressive
medication might be required. Table 2 summarizes the
most frequently encountered drug-to- drug interactions.
More information can be found on the following website,
www.hep-druginteractions.org/checker.
Conclusion and future perspectives
The new highly efficacious and well-tolerated DAA
regimens make the use of HCV-NAT+ organs for HCVnegative recipients a true option in organ transplantation.
There are many potential benefits including an increase
of the donor pool, decreased waiting times and decreased
mortality on the waiting list. In addition, the procedure
might be lifesaving in severe conditions. Although shortterm outcomes seem to be encouraging with the use of
rapid DDA treatment after transplantation, there are still
many open questions especially concerning the optimal
treatment strategy to be applied as well as medium and
long-term outcomes. To date, HCV-NAT+ organs for
HCV-negative recipients should only be used in the
context of standardized procedures and protocols with
prospective recording of graft and patient outcomes. This

is of particular importance for countries with low HCVprevalence in the general population such as Belgium
(0.22%), which will further decrease with general
treatment uptake. In those countries, HCV+ organs will
likely be retrieved primarily from a subpopulation with
high risk behavior reported to present a higher prevalence
of HCV-infection compared to the general population
tab (93,94). Finally, rigorous and comprehensive HCVrelated education programs must be developed and
subsequently offered to potential recipients of HCVpositive organs. It is also mandatory to obtain written
informed consent prior to inscription on the waiting list.
BeLIAC consider DAAs as an opportunity to the
transplant community to solve the HCV problem in
donors but there is ongoing debate of how to make the
best use of this landmark medical breakthrough for our
patients awaiting a liver transplant (95). Many questions
remain to be answered and we clearly need to unit forces
to make this new challenge a success story.
B. Normothermic isolated liver perfusion as organ selection
tool
The availability of suitable liver grafts for transplantation is a major hurdle in LT. Worldwide, liver
transplant services struggle with the difficult problem
of scarcity. Indeed, at current, LT depends upon the
availability of donor organs, either from a living or
a deceased donor, and the demand far exceeds the
availability of suitable liver grafts. This is reflected by
waitlist mortality which, in Eurotransplant, averages
between 15% to 20% (96). Because of this scarcity, access
to waiting lists are strictly regulated and priority on the
waiting list requires the difficult balancing of urgency,
equity, and utility with physicians relying on imperfect
tools to make these difficult decisions. The increasingly
older donor population that suffers from more and more
co-morbidities will further pressure the availability of
suitable grafts, while expansion of indications for LT as
discussed above, with conditions such as acute alcoholic
hepatitis and isolated hepatic colorectal metastases,
shown to be beneficial to patients, will increase the
pressure on waiting lists (6,97,98).
Against this background, it is striking to observe that
despite the implementation of different strategies to
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increase the number of liver transplants, there are still
a considerable number of donor liver grafts that are not
transplanted. Data from the USA, UK, and Eurotransplant
show that around 20% to 33% of deceased donor livers
offered for transplantation are not transplanted while
15 to 20% of candidates die on the waiting list (99).
Clearly some livers declined for transplantation are
rightfully turned down because of contra-indications for
transplantation such as cancer and infectious diseases.
However, a substantial number of them would almost
certainly provide a favourable risk-benefit ratio to some
waitlisted patients.
Although the reasons for livers to be discarded for
transplantation are numerous (e.g. age, steatosis, ischemic
damage, bad flush out, …), they all boil down to the lack
of tools that allow to assess the future function of the liver
graft offered for transplantation (99). Fear of primary
non-function and ischemic cholangiopathy are major
reasons to turn down a liver offered for transplantation.
Risk assessment of a particular (suboptimal) liver offer
is difficult with our current forecasting and predictive
tools. All our current forecasting tools for patient
survival have major shortcomings and lack predictive
accuracy and they do not predict liver function in the
recipient. The assessment of liver viability/quality before
transplantation has traditionally involved pre-retrieval
review of the donor circumstances and biochemistry
and imaging, followed by visual appraisal of the liver
and sometimes a liver biopsy. This has been further
refined by prognostic models which give an estimation
of the risk of graft function/failure based on multivariate
analysis of large donor datasets, so called risk indices
(including donor/recipient age, sex, race, height, cause
of death, from a brain dead or circulatory death donor,
cold ischemic time,…) (99-102). While such tools aim
to reduce uncertainty about the suitability of a liver for
transplantation, they all lack predictive accuracy (e.g;
c-statistics ~0.70), limiting their usefulness in routine
practice.
New methods to assess the viability and quality of
the donor liver graft before transplantation are needed.
Normothermic isolated liver perfusion (NILP), also
called normothermic machine perfusion of the liver, is
being developed as a platform to preserve, assess and
resuscitate liver grafts (98,103).
NILP can be thought of as a heart-lung machine for
the isolated liver. During NILP the liver is perfused
with a red blood cell-based solution (or a solution with
an oxygen carrier) warmed up to body temperature with
continuous provision of oxygen and nutrients. The bile
duct is cannulated to collect bile.
In a randomised controlled trial, NILP used to preserve
the liver graft during transport from the donor to the
recipient hospital, results in reduced ischemia-reperfusion
injury as measured by peak AST posttransplant compared
to livers that are classically cold-stored (104). In addition,
the chance to develop early allograft dysfunction was
reduced by 72% and this despite longer donor warm
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ischemia times and longer preservation time with NILP
reaching up to 24 hours (104). Furthermore, the use of
NILP reduced liver discard rates by 50%, making more
livers available for successful transplantation (104).
Recent clinical studies have also shown that a short
period of NILP immediately before transplantation has
similar results (105).
NILP is now used by some centres to assess liver
transplant function before transplantation and an
increasing number of livers initially considered unsuitable
for transplantation have been transplanted successfully
after assessment by NILP (99,106-112). Initial data
show that lactate clearance, glucose evolution and pH
regulation during NILP reflect hepatocyte function while
bile composition (pH, glucose) reflects cholangiocyte
viability and the development of posttransplant cholangiopathy in particular (99,111). These parameters have
been used by several transplant teams to assess liver
that were initially turned down for transplantation and
transplant those that adhered to viability criteria to be
transplanted successfully (107-111,113,114).
This growing experience clearly shows that a large
pool of suitable livers currently remains undetected.
The challenge now lies in the clear establishment and
validation of viability criteria that reliably predict shortand long-term outcomes after transplantation of a liver
assessed by NILP.

Conclusion
New challenges in LT are emerging. BeLIAC aims to
discuss these innovations and to open new perspectives
in the field of transplantation in Belgium.
With the advances in transplant oncology, LT is
considered as a tool in the race for cure. Beside the
oncological indications, the good results of transplantation in acute alcoholic hepatitis open the debate
of transplantation despite the absence of abstinence. The
Belgian transplant centres and the BeLIAC participate in
several trials to help answering the remaining questions
in these newer indications. However, resources remain
scarce. BeLIAC therefore discuss possibilities to increase
the donor pool such as transplanting organs form HCVpositive donors or using NILP to recover grafts that
would not have been suitable for transplantation initially.
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