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Liver Transplantation for Hepatocellular
Carcinoma: How Far Can We Push
the Envelope?
K C Tan

Hepatocellular carcinoma (HCC) remains one of
the most common malignant tumours in Asia. It is
the 4th most common cancer in males in Singapore.
Due to the prevalence of viral hepatitis, more than
80% of HCC in Asia is associated with cirrhosis.
It has an extremely poor prognosis because the
tumour is often diagnosed late and is frequently
associated with cirrhosis. Without treatment, the
average survival time from diagnosis to death is six
months. Unlike most other solid organ cancers, where
the tumour and its extent determine the treatment and
prognosis, in patients with HCC, the management and
outcome are greatly influenced by the associated
cirrhosis. Not infrequently, death is due to the cirrhosis
and its sequelae rather than the tumour(1,2).
Currently, all ablative treatment modalities
including percutaneous ethanol injection, radiofrequency therapy and surgical resection are limited
to the patients with compensated cirrhosis.
Unfortunately, recurrence rates are high after all
these therapies. Following surgical resection,
recurrence rates have ranged from 47% at three
years(3,4) to 100% at five years(5) due to the multifocality
of HCC in cirrhosis (5,6). Only liver transplantation
(LT) has the potential to simultaneously cure both the
tumour and the underlying cirrhosis.
The early results of LT for HCC were disappointing
because of the high rates of perioperative mortality
and tumour recurrence. A 75% recurrence rate with
a 25% three-year survival was reported from
Pittsburgh (7). The Cincinnati Transplant Tumour
Registry reported a disappointing 18% five-year survival
rate (8) . It was soon realised that the indications
for transplanting the majority of these patients were
wrong. Many of the patients with recurrences were
transplanted with tumours that were deemed too large
to be resected, often without cirrhosis. These tumours
were often complicated by vascular invasion and
lymph node metastasis. Clearly, these results were
not acceptable given the high cost of the procedure
and the limited resource of cadaveric donor livers.
At the same time, a significant proportion of patients
with non-malignant end-stage liver diseases were

dying for lack of cadaveric donor livers. In 1989,
the Department of Health and Human Services in
the United States specifically identified HCC as
a contraindication for LT.
It was observed that small incidental HCC in
patients transplanted for other end-stage liver
diseases were associated with low tumour recurrence
rate(7) . This provided the impetus for a number of
centres to transplant patients with small (early) HCC
and liver decompensation(9-11). In 1996, Mazzaferro
et al(11) reported excellent results when they restricted
LT to patients with solitary HCC not exceeding 5 cm in
diameter and in others with no more than three tumour
nodules, each 3 cm or less in diameter. The four-year
overall and recurrence-free survival rates were 85%
and 92% respectively. Since then their criteria,
referred to as the Milan criteria, has been widely used
for selecting candidates with HCC for LT. With these
restrictions, the survival rates for transplanting patients
with HCC approached that of patients transplanted
without malignant disease(10-13).
It has also been observed that the “tumour
burden” (number and size) of HCC does not always
accurately predict its behaviour. Some small HCC
have recurred whereas others with much larger
tumours have achieved long-term survival after LT.
In a multivariate analysis of 120 patients transplanted
with HCC, Jonas et al noted that the only prognostic
parameters were vascular invasion and histopathologic
grade of differentiation and both these parameters
do not always correlate with tumour burden(14). In
autopsy studies, portal vein thrombi have been
observed in up to 40% of HCC less than 5 cm in
diameter (15) . Clearly, the malignant behaviour
of HCC is the result of a complex inter-play of host
and tumour factors, the nature of which has not been
elucidated(16). It is not surprising that previous attempts
to define the upper limits of “tumour burden”
as predictors of recurrence after LT have yielded
conflicting results (11,17-19) . Perhaps pre-transplant
biopsy of the tumour should be routinely performed,
particularly with the development of new diagnostic
tools in molecular profiling and genetic analyses(20).
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Recently, there have been a number of reports
suggesting that perhaps the Milan criteria might be
too stringent. In a series of 70 consecutive patients
where tumour size limits were expanded beyond
the Milan criteria, Yao et al observed that the survival
rates after LT were not adversely affected (19) . In
their so called UCSF criteria, patients with solitary
HCC up to 6.5 cm and others with up to three tumour
nodules, with the largest <4.5 cm and total tumour
diameter <8 cm were transplanted. They achieved
survival rates of 90% and 75.2% at one and five
years respectively. In their series, by expanding the
Milan criteria for transplanting patients with HCC,
an additional 23% of patients were transplanted with
excellent outcome.
In a retrospective analysis of 403 patients with
HCC transplanted in Pittsburgh, Fung et al found
that if the Milan criteria had been used, 37% of
their patients would be denied LT of which almost
half did not suffer tumour recurrence (21). Even if
the more liberal UCSF criteria had been used,
32.6% of the patients would have been denied LT
for which in 45.3% the tumour did not recur. It is
clear that our current criteria for transplanting
patients with HCC are from satisfactory. In our
zeal of trying to avoid “wasting” a cadaveric donor
liver on a patient who may ultimately suffer tumour
recurrence, we could be denying a significant
proportion of our patients the benefit of a life
saving procedure.
The success of LT for patients with HCC
complicated with cirrhosis and the lack of a feasible
alternative, have resulted in an ever expanding pool
of such candidates on the wait list for a cadaveric
donor liver. Currently the average waiting period
for most blood types in the West is more than a
year(19). Given the rapid progression of HCC and the
long waiting period for a suitable donor liver, many
initial candidates will become ineligible “drop-outs”
for LT (22,23). As such, patients with HCC have been
offered the option of accepting livers from highrisk donors for LT(22). These are donors with either
positive hepatitis B care antibody (HBcAb) or
hepatitis C antibody and those with a history of
high-risk behaviour for acquiring viral hepatitis or
HIV. Even domino or sequential LT have been
performed for the patients with HCC by using livers
retrieved from patients with familial amyloidotic
polyneuropathy(24).
The recent development and clinical application
of adult living donor liver transplantation
(ALDLT) (25-30), is already having an impact on the
management of the patient with HCC. ALDLT has
been shown to be a feasible alternative to cadaveric

liver transplantation (CLT), with reported donor
mortality worldwide of about 0.3%(27,30,31). A major
advantage of ALDLT is an almost negligible
waiting time and this is especially important in
the management of a rapidly progressive condition
such as HCC. Although there has been no controlled
trial, data from decision analyses have repeatedly
shown there is substantial survival advantage and
cost-effectiveness of ALDLT when compared with
CLT, especially if the waiting period exceeds six
months for the later procedure(32,33). Currently in the
USA, 7.8% of ALDLT is performed for patients with
HCC as against 2.7% when CLT is used(34).
A recent survey indicated that patients and
their families would be willing to accept far greater
risks for the donors with marginal outcomes in the
recipients than the transplant team(35) . As ALDLT
does not compete for the scarce resource of cadaveric
donor livers, which had previously limited the
expansion of the criteria for transplanting HCC, it is
likely that an increasing number of patients with
more advanced HCC will be transplanted. Future
selection criteria will be determined by how much
risk is acceptable for the donor relative to the benefits
to the recipient, by society as a whole and the
transplantation community in particular. In addition,
since ALDLT can be scheduled, it allows for optimal
adjuvant anti-tumour therapy such as trans-arterial
chemo-embolisation. This may provide survival
advantage for the patients with more advanced
HCC who otherwise would not be considered for
transplantation.
In conclusion, the indications for transplanting
patients diagnosed with HCC are still evolving. Liver
transplantation remains the treatment of choice,
especially when the tumour is associated with
decompensated liver cirrhosis. Previously, due to the
scarcity of cadaveric donor livers, only patients with
small or early tumours were transplanted. Despite
this, a substantial number of patients with HCC
“drop-out” because of tumour progression while on
the waiting list. In addition, the scarcity of donor
livers has also led to some patients with more advanced
HCC who could have benefited being denied
this life-saving procedure. Recently, the clinical
implementation of ALDLT has allowed more timely
transplantation of patients with HCC, thus reducing
the “drop-out” rate. ALDLT has also allowed
expansion of the current criteria for transplanting
patients with HCC. Combined with more effective
adjuvant anti-tumour therapy, ALDLT has opened
up avenues of treatment for patients with advanced
HCC and liver decompensation who were previously
considered unsuitable for transplantation.
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