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Abstract: Liver transplantation (LT) for hepatocellular carcinoma (HCC) at Kaohsiung Chang Gung
Memorial Hospital mainly relies on live donor LT (LDLT). Owing to taking the risk of LD, we are obligated
to adopt strict selection criteria for HCC patients and optimize the pre-transplant conditions to ensure a
high disease-free survival similar to those without HCC, even better than deceased donor LT (DDLT).
Better outcomes are attributed to excellent surgical results and optimal patient selection. The hospital
mortality of primary and salvage LDLT are lower than 2% in our center. Although Taiwan Health Insurance
Policy extended the Milan to University of California, San Francisco (UCSF) criteria in 2006, selection
criteria will not be consolidated to take into account only by the morphologic size/number of tumors
but also by their biology. The criteria are divided into modifiable image morphology, alpha fetoprotein
(AFP), and positron emission tomography (PET) scan with standard uptake value (SUV) and unmodifiable
unfavorable pathology such as HCC combined with cholangiocarcinoma (CC), sarcomatoid type, and poor
differentiation. Downstaging therapy is necessary for HCC patients beyond criteria to fit all modifiable
standards. The upper limit of downstaging treatment seems to be extended by more effective drug eluting
transarterial chemoembolization in cases without absolute contraindications. In contrast, the pitfall of
unmodifiable tumor pathology should be excluded by the findings of pretransplant core biopsy/resection
if possible. More recently, achieving complete tumor necrosis in explanted liver could almost predict no
recurrence after transplant. Necrotizing therapy is advised if possible before transplant even the tumor
status within criteria to minimize the possibility of tumor recurrence. LDLT with low surgical mortality in
experienced centers provides the opportunities of optimizing the pre-transplant tumor conditions and timing

of transplant to achieve better outcomes.
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Introduction resection and local ablation are regarded as potentially

curative treatments, the limited functional reserve of the

Hepatocellular carcinoma (HCC) is the fifth most common liver restricts their application and there is a high chance of

and the third causes of cancer-related mortalities. HCC is recurrence in the liver remnant (1). Liver transplantation
closely associated with chronic liver disease and as many (LT) is the only treatment that offers a chance of cure
as 80% of cases occur in cirrhotic livers. Although liver for the tumor and the underlying cirrhosis by complete
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Figure 1 Annual number of adults underwent living donor liver transplantation. HCC, hepatocellular carcinoma.

extirpation of both. The outcome of L'T" for early HCC is
encouraging, but the limitation of organ supply remains the
main issue (2). In Asia, living donor I'T' (LDLT) has been
emerging as the solution of organ shortage to treat HCC.
At Kaohsiung Chang Gung Memorial Hospital, the first
case of LDLT was performed for a pediatric patient with
biliary atresia in 1994, and progressed to adult LDLT in
1999 (3). In the high endemicity of hepatitis B and C (HBV
and HCV), HCC has become the most indication for L'T.
In this review, we summarize the experience of treating
HCC in LDLT and current selection criteria, adjusted by
our previous experience. Finally, we propose an algorithm
of patent selection for HCC in LDLT to achieve better
outcomes.

LDLT in Taiwan

The success of LI worldwide has brought increased demand
for the liver graft. Western and Asian countries have coped
differently with the problems of the shortages in organ
donation. The great advances in the field of LDLT have
been dictated by the needs and the norms of Asian society.
In Taiwan, although the society endeavors to improve rate
of deceased organ donation, deceased donor LT (DDLT)
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just increased slightly; in contrast, LDLT increased over
3-fold cases at the same period from 2006 to 2010 (4).

LDLT for HCC

The incidence of liver cancer in Taiwan deceased to the
third place from the second since 2012 but liver cancer-
related mortality still remained in the second among all
cancer in Taiwan (5). Every year around 800 new patients of
HCC were registered at our hospital. LDLT for the patient
with HCC was firstly performed in 2000. Since then, the
number of patients with HCC increased year upon year;
almost 50% repicients of LDLT currently had a history of
HCC (Figure 1).

Philosophy of LDLT

There are still remaining a lot of debates about selection
criteria for patients with HCC between DDLT and LDLT.
In LDLT, LDs could be considered as recipient personal
gifts. Without sharing public resources, LDLT could
be used in patients with extended criteria, which is not
accepted in waiting list of DDLT. Predictably, extended
criteria lead to higher recurrence rate and consequent
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worse long-term survival (6). In contrast, owing to taking
the risk of LD, we are obligated to adopt strict selection
criteria for HCC patients and optimize the pre-transplant
conditions to ensure a high disease-free survival similar
to those without HCC, even better than DDLT. Basically
there is no difference in the management strategy between
DDLD and LDLT after transplant. LDL'T" definite provides
some advantages during transplant such as shortening
waiting time, consistent high quality of grafts. In addition,
LDLT importantly offers the opportunity of optimizing
the time of transplant and pre-transplant managements
to ensure as high as possible outcomes. To achieve better
outcomes of treating HCC by LDLT relies on low surgical
mortality and optimal selection criteria.

Considerations of primary vs. salvage LDLT

With the advances of surgical techniques, primary LDLT
for HCC have been a standard procedure and performed
with low surgical mortality and over 90% 5-year survival
rate at our center (7,8). Resectable HCC with preserved
liver function present a therapeutic dilemma. Resection is
first-line curative treatment for HCC with low cost and
surgical mortality. Furthermore, the pathologic findings
of complete resection provide the definite histology and
differentiation of HCC and complete evaluation of vascular
invasion, especially for the tumors adjacent to major vascular
structure. Salvage LT  is preserved until tumor recurrence or
deteriorated liver function (9). However, the sequent portal
hypertension and collaterals combined with dense adhesion
from the previous resection could lead to more blood loss
and surgical difficulty during the following LT’ In addition,
the patients have the risks of becoming untransplantable due
to the presentation of recurrent tumors beyond criteria (10).
Therefore, facing the dilemma, the results of salvage LDLT
play a pivotal role in justifying the decision of resection as
the first choice following by LDLT if necessary.

A recent meta-analysis indicated that salvage LT has a
similar long-term survival rate with comparable surgical
complications, compared to that of primary LT (11).
However, the majority of salvage LT patients underwent
DDLT. In LDLT, it is worth noting that the techniques
are more challenging since vascular and biliary pedicles
are smaller and shorter in salvage LDLT. Dense adhesion
from previous surgery combined with collateral vein could
lead to massive bleeding which requires damage control
measures and even staged biliary reconstruction in another
operation. In our first 100 salvage LDLT study, the hospital
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mortality decrease from 8% of first 50 cases to 2% of latter
50 cases, which was similar to primary LDLT (12). With
this excellent surgical outcomes of salvage LDLT] resection
is considered first-line treatment for HCC with preserved
liver function to obtain histology, especially in cases of
suspicious of unfavorable histology and major vascular
invasion.

Selection criteria in within UCSF era
Selection criteria

In the early period of developing LI, there were extensive
debates in the selection criteria for LT in HCC patients
because of the disappointing survival without appropriate
selection. However, we learned lessons from these
experiences. First, it is necessary to have more intensive
screening of high risk groups; second, larger-sized tumor
does not definitely indicate poorer outcome; third,
recurrence rate is higher and survival is poorer in a certain
histological subtypes of HCC (13,14). The selection criteria
of LT directly influence the outcome and currently we have
various selection systems. It’s just like what “Metroticket”
study group demonstrated, the longer the trip, the higher
the price. Currently, the tumor size and the number are the
main tumor characteristics used to determine eligibility for
LT (15). Since the publication of the Milan criteria in 1996,
transplantation has been recognized as the best treatment
for patients with small non resectable HCC (2). The 5-year
survival was between 70% and 90% if patient selection is
strictly adhered to Milan criteria. Several studies however
have now demonstrated that the Milan criteria are too
restrictive and that favorable outcomes can be achieved
following more liberal selection policies. The group at
the UCSE, was the first to propose expanded criteria. The
UCSF criteria was initially based on explant pathology and
demonstrated a non-inferior result, 75% 5-year survival
rate, comparing with Milan criteria (16).

Results of downstaging

In our early experience, the selection criteria of LT for
HCC patients was restricted to Milan criteria by national
insurance policy. The HCC patients presented with tumors
beyond criteria should be downstaged to fit criteria. Our
initial results of 35 patients were encouraging as recipients
whose tumors had been downstaged into Milan criteria
had not have recurrence (8). The 5-year survival rate was
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90%; importantly to date those patients are still disease-
free after follow-up of 10 years. Since July 2006, the criteria
were extended to UCSF criteria for HCC patients. In
our experience of 161 HCC patients, 51 (31.6%) were
successfully downstaged to fit UCSF criteria. The overall
1- and 5-year survival rates were comparable; 94.1% versus
92.7% and 83.7% versus 78.9% of downstaged versus non-
downstaged, respectively. The survival rates were similar
between different pretransplant downstage procedures (17).

Risk factors for recurrence after transplantation

In addition of morphological selection, adequate patient
selection should be based on tumor biology assessed
via serum or pathological parameters and functional/
radiological features of tumors.

Alpba-fetoprotein (AFP)

AFP is an attractive prognostic maker that has been studied
extensively in HCC. AFP may be a surrogate for vascular
invasion and predict HCC recurrence. There are numerous
existing studies in the literature to suggest a clear prognostic
value for pretransplant AFP levels, although there is no
validated cut-off value which can be standardized across
patient groups. Recent systemic reviews showed better
outcomes for the HCC patients with lower (<1,000 ng/mL)
pretransplant AFP levels. Furthermore, high pretransplant
AFP levels (>1,000 ng/mL) were associated with vascular
invasion and poor tumor differentiation (18). In USA, AFP
level >1,000 ng/mL was considered as an exclusion criterion
for LT within the Milan criteria unless the AFP level
decreases to <500 ng/mL after downstaging treatments, in
hope of improving posttransplant outcomes (19). There
are several other cuff-off values of AFP, which are used
to predict post-transplant HCC recurrence and survival;
no consensus is however achieved since the criteria and
outcomes are widely varied. But the tentative conclusion
could be made that the lower AFP level of selection criteria
provides the better outcomes.

In addition of static pretransplant AFP value, dynamic
slope of serial AFP measurements would be a better
predictor of survival and recurrence (20). In our unpublished
data of over 400 HCC patients, AFP level (>70 ng/mL) is
associated with higher recurrence rate. The patients with
high AFP are not eligible for LDLT until AFP decreases to
low level after downstaging.
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Fluorodeoxyglucose positron emission tomography (FDG-
PET) scan

The glucose metabolism of HCC is related to tumor grade
and aggressive biological properties such as differentiation/
microvascular invasion and can be assessed with F-18 FDG-
PET (21,22). Therefore, the FDG avidity of HCC seems
to be a potential biomarker for pretransplant evaluation
of the risk of HCC recurrence after L'I. There is growing
evidence that FDG-PET can identify patients at risk for the
recurrence of HCC after LT (22-24). Our recent study in
147 patients with pretransplant FDG-PET exam showed
the 5-year recurrent free survivals were 94% in the low risk
group (within USCF criteria and FDG-negative), 75.8%
in the intermediate risk group [beyond UCSF criteria
and FDG-negative, or low standard uptake value (SUV)].
Importantly, the ratio of tumor to normal-liver SUV plays
an essential role to predict tumor recurrence. In the high
risk group (FDG-positive with high SUV), the 1-, 3-, 5-year
recurrence free survivals significantly decreased to 44.4%,
29.6%, and 29.6% (25).

Unfavorable bistology

On the other hand, even restricting selection criteria of
LT for HCC patients within the Milan criteria fails in
completely ruling out HCC recurrence since some small
HCC:s have aggressive features such as poorly differentiated
grade or vascular invasion (26). Poorly differentiated
grade of tumor has been considered an independent
predictor factor for post-I'T' HCC recurrence (27). Some
rare histological type of HCC carries a poor prognosis.
Two cases of sarcomatoid HCC with normal AFP and
within Milan criteria developed HCC recurrence within
6 months after LDLT in our series. Combined HCC and
cholangiocarcinoma (CC) is another poor prognostic
predictor for HCC recurrence. The results of LT for
combined HCC and CC is far inferior to that for HCC;
resection may be considered the best therapeutic approach
for such patients (28). Similarly, in our experience of
12 patients with combined HCC and CC, the 5-year survival
is around 50%, compatible with the reports from other
groups. Since the diagnosis based on histology would allow
to improve outcomes further, histological assessment by
liver biopsy or resection may be essential to rule out poorly
differentiated tumors, sarcomatoid and combined HCC

and CC.
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Revised criteria of downstaging

With accumulation of experience, the inclusion and
exclusion criteria of downstaging at our center have been
refined. On top of UCSF criteria, the inclusion criteria
include modifiable biological makers of high AFP and high
PET-SUV ratio according to our previous study. During
the initial evaluation, the exclusion criteria by the image
study contain major vascular invasion, massive infiltrative
type, rupture (or by history) and distant metastasis.

There is currently no well-defined upper limit in terms
of size and number of tumor as eligibility for downstage
criteria. Several entry criteria for downstaging have been
proposed but the meta-analysis meet the difficulty because
of the consideration of selection criteria for HCC, organ
availability and the setting of DDLT or LDLT. In a recent
national conference in US, the working group proposed
inclusion criteria including a single tumor <8 c¢m or two
to three tumors, each <5 cm, with a total tumor diameter
<8 cm (29). The upper limit seems to be extended
regarding the size and number of the tumor. Especially,
several small particles have been invented to create TACE
with drug-eluting beads, which is a promising alternative
to conventional drugs. The treatment response showed
significantly better and delayed disease progression
compared with conventional TACE (30). It sounds
reasonable to downstage each patient if the tumors present
without absolute contraindications.

The minimal observation period from successful
downstaging to LT is required to be a selection of HCC
with a favorable biology. The optimal length of this period
of observation for tumor biology is unknown (29). In our
protocol, this observation period is 3 months but we try to
reduce the observation time to test the hypothesis whether
reduction of tumor burden decreases posttransplant
recurrence, not from tumor biology selection, mirrored by
good response to treatment.

Necrotizing therapy
Explanted liver pathology
Local regional therapy (LRT) has mostly been used to

mitigate the risk of tumor progression and dropout on
waiting list by achieving pathologic tumor necrosis. The
complete pathologic response (cPR) was around 27%
to 57% of patients after TACE and 47% to 75% after
radiofrequency ablation (RFA) (31,32). Recent report
demonstrated that cPR reduced the recurrence of HCC
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after transplant and almost reduced to below 3% (33). Our
unpublished data of 453 patients also showed similar results;
the 5-year disease-free survival of patients is 98% in cases of
no viable tumor in explanted liver, significantly better than
those with viable tumor (89%).

Necrotizing therapy

In DDLT setting, pretransplant LRT is necessary to
decrease wait list dropout, particularly for patients expected
to wait longer than 3 to 6 months for LT and those with
risk factors such as a focal HCC >3 cm in greatest diameter
or multiple HCCs. In USA, 31% to 65% of recipients
received LRT before transplant on the different allocation
regions (29). Unlike DDLT, additional LRT is performed in
order to prevent tumor progression on waitlist. Taking the
advantage of donor availability in LDLT, additional LRT
is performed to achieve complete tumor necrosis before
transplant. It is so-call necrotizing therapy to minimize the
possibility of tumor recurrence even the tumors present
within criteria before transplant.

Summary

Based on the aforementioned experience, the selection
criteria of patients with HCC is illustrated in Figure 2.
The management of HCC should be relied on a stepwise
approach that incorporates morphological and biological
criteria of the tumor. This approach aims at tailoring
the best treatment plan for each individual patient. The
absolute contraindications for transplant includes major
vascular invasion, massive infiltrative type, ruptured
HCC and distant metastasis. Firstly, the tumor should
be fit not only UCSF criteria but also the level of AFP,
otherwise the downstaging procedures are administered
to fit UCSF criteria with low AFP. Thereafter, since the
diagnosis of HCC is based mainly on a clinical context
associated with typical imaging criteria., atypical imaging
or positive PET with high SUV necessitates tissue proof
by a core biopsy or resection to exclude the unfavorable
tissue types such as poor differentiation, combined with
CC and sarcomatoid type HCC. In addition, if the FDG-
PET yields negative result or positive result with low
SUV, LDLT is considered. If the FDG-PET yields high
SUV,..x (35), tumor downstaging to reduce the tumor
burden is required, either by liver resection or LRT. LDLT
is not considered until repeated FDG-PET vyields low
SUV. In the final step, to minimize the recurrence rate of
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Beyond UCSF

(High AFP)
|
| Fits UCSF (Low AFP) I:
Excluded

| HCC

Y Resection /
Atypical Imaging Core biopsy Unfavorable
or FDG-PET Vs > Pathology Yes
high uptake
No
No |
Necrotizing
(If possible)
Absolute contraindications:
1. Major vascular invasion v

2. Massive infiltrative type
3. Ruptured/Metastasis

Transplant

Figure 2 Algorithm of selection criteria for HCC patients in
living donor liver transplantation. HCC, hepatocellular carcinoma;
UCSF, University of California, San Francisco; AFP, alpha
fetoprotein; FDG-PET, fluorodeoxyglucose positron emission

tomography.

HCC after transplant, additional LRT is recommended if
possible before transplant to necrotize tumors. By taking
the advantage of donor availability, we believe that multiple
steps of selections and optimal managements provide the
better short-term and long-term outcomes by minimizing
the opportunities of HCC recurrence.
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