PERSPECTIVE

For reprint orders, please contact: reprints@futuremedicine.com

When to consider liver transplantation in
hepatocellular carcinoma patients?

Hepatic Oncology
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Practice points

e Liverresection is an effective treatment option associated with a 5-year survival of 70%, yet, the recurrence rate is
also high.

e Liver transplantation (LT) is regarded as the best treatment for cirrhotic patients with hepatocellular carcinoma (HCC).

e Tumor biology is not completely reflected by the tumor size and number as depicted by Milan Criteria, extended
criteria allows larger HCC which have good tumor biology to be transplanted.

e New scoring systems and prognostic markers help in the process of patient selection, and post-transplant
surveillance planning.

e Down-staging therapy serves to provide a last hope of LT for HCC beyond criteria; patients transplanted after the
6-month waiting period should have the similar post-transplant outcome when compared with those who are
transplanted within criteria.

e Bridging therapy halts tumor progression and helps to reduce dropout rate of the wait-listed HCC patients.

e Development of nontransplantable HCC recurrence remains the Achilles heel of the salvage transplantation policy,
close posthepatectomy surveillance is therefore warranted.

e Thereis no oncological difference between living donor liver transplantation and deceased donor liver
transplantation as a treatment for HCC, while the former approach negates the concern of graft allocation.

e Post-transplant HCC recurrence is associated with dismal prognosis, though long-term survival is still possible for
selected patients with graft hepatectomy and pulmonary metastatectomy.

e Apart from maintaining good long-term graft survival, modern immunosuppression is associated improved side-
effect profile, and additional antitumor effects.

Orthotopic liver transplantation (LT) has been regarded as the best cure among the three
curative treatment modalities. However, when to consider LT in hepatocellular carcinoma
(HCC) patients remains a complicated clinical question. In this article, we will look into the
recent updates in the context of LT for HCC, including the timing of orthotopic LT (primary or
salvage LT), patient selection criteria, newer prognostic markers and scoring systems, down-
staging and bridging therapy, salvage LT and treatment option of post-LT HCC recurrence.
Evolution of immunosuppressive therapy and future development of the LT for HCC will also
be discussed.
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Hepatocellular carcinoma (HCC) is the fifth
most common cancer and third most common
cancer-related mortality worldwide, leading to
over one million deaths every year [1.2]. Majority
of the HCC arise from a cirrhotic liver, and
due to the presence of impaired liver function,
curative therapies such as partial hepatectomy
and tumor ablation are not suitable options.
Orthotopic liver transplantation (OLT) was
thought to be an ideal treatment for cirrhotic
patients with HCC, since it removes the tumor
with the largest possible margin and replaces it
with a noncirrhotic liver. However, initial expe-
rience of OLT for HCC was disappointing. In
the 1980s, HCC patients treated by OLT had
high early recurrence rate 3] and poor long-term
outcome of 5-year survival less than 50% [45].
The poor treatment outcome was attributed to
suboptimal patient selection. Since the landmark
paper published by Mazzaferro et a/. in 1996, a
clear cut patient selection criteria according to
tumor number and size had been adopted by
most transplant centers, and the long-term sur-
vival of over 80% was consistently achieved [6].
Nonetheless, the number of HCC patients who
fulfill the stringent criteria and benefit from OLT
remains a minority group. Researchers have been
focusing on how to extend the benefit of OLT to
more HCC patients without jeopardizing onco-
logical outcomes. In this article, we will explore
the world trend of HCC patient selection for
OLT. Issue about primary liver transplanta-
tion (LT) versus salvage LT, extended criteria
and various scoring system for patient selection,
downstaging therapy, deceased and living donor
liver transplantation (DDLT vs LDLT) for HCC
will be covered.

Liver resection for HCC

Patients with preserved liver function and small
HCC are often not necessary for LT. Such lesion
can be treated by percutaneous radiofrequency
ablation (RFA) [7] and liver resection [8] with
5-year survival of over 60 and 70%, respec-
tively (7.8]. Unfortunately, vast majority of the
HCC are not suitable for ablation due to a num-
ber of size and geographic limitations. Given
the fact that most HCC are developed in the
background of liver cirrhosis [9], posthepatec-
tomy hepatic insufficency remains a concern
particularly following major resection. On the
other hand, around 70-80% of the cirrhotic
patients are expected to recur after hepatectomy
as a result intrahepatic tumor spread or de novo
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development of HCC [8,10-12]. This suboptimal
oncological outcome urges clinician to rethink
the best approach in the management of HCC.

LT for HCC

LT has been indicated for liver transplanta-
tion since its inception back in 1963 [13.14]. By
removing HCC with greatest possible margin
and replacing the cirrhotic liver with a normal
healthy organ, a 5-year survival of as high as
90% has been reported in selected series [15],
and was, thus, regarded as the best treatment
for HCC. Unlike hepatectomy for HCC, trans-
plantation is an ultramajor operative procedure
which often challenges the physiological reserve
of the patients. Cardiovascular complications
during the course of LT is a major cause of non-
graft-related mortality, making a thorough pre-
transplant cardiac/anaesthetic assessment man-
datory [16]. Patients with significant ischemic
heart disease, impaired ejection fraction or
portopulmonary hypertension are not suitable
transplant candidates. Patient should also be
aware of the life-time risk of immunosuppres-
sion and graft dysfunction which is unique in
this treatment modality. Last but not the least,
increase in the donor pool burden translates into
a longer waiting time, around 20% of the wait-
listed HCC patients would be delisted in the
first year chiefly as a result of disease progression,
deteriorated physical condition or death [17.18].
In order to mitigate the problem of long wait-
ing time, strategies such as bridging therapy and
salvage LT had been proposed.

Extended criteria of OLT for HCC patients

Introduction of Milan Criteria marked a new
era in the development of LT for HCC as it gave
a clear cut clinical guidance on which group
of HCC patients would better benefit from
LT [6]. However, it has been criticized of being
too restrictive [1920], leading to a low LT rate
for HCC in some countries [21]. On the other
hand, aggressive tumor pathology was identified
in a fourth of the explants of the ‘within Milan
Criteria’ patient which deemed LT inappropri-
ate [22,23]. Based on the template provided by the
Milan Criteria, a number of newer criteria had
been developed (Table 1). Initial attempts were
made over modification of size and number
of the tumor [15.20,24-26]. Since the association
between tumor size, tumor number and tumor
biology were not absolute [27.28); in addition, there
is often discrepancy between radiological and
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pathological tumor size and number, therefore,
some centers incorporated biochemical markers
such as protein-induced vitamin K antagonist
(PIVKA)-II and alpha-fetal protein (AFP) in the
selection criteria [29.30]. Recently, a tumor size/
number-independent selection criteria had been
proposed by the group from Toronto General
Hospital [31,32]. In their center, patients with
advanced HCC would be transplanted regard-
less of the tumor number and size, only patients
presented with systemic cancer-related symp-
toms, percutaneous tumor biopsy shows poor
tumor differentiation or AFP level over 500 ng/
ml would be rejected. This policy resulted in a
5-year survival of 69% for patient who had HCC
beyond Milan Criteria [32]. There is little doubt
about the relationship between tumor pathology
and aggressiveness of HCC. A recent systemic
review found that microvascular invasion is asso-
ciated with 3.4 times worse in 3-year disease-
free survival after LT for HCC [33]. However,
percutaneous tumor biopsy is not always pos-
sible especially for cirrhotic patients with ascites,
thrombocytopenia and coagulopathy; tumor
located at the dome of liver and caudate lobe
are literally impossible to be biopsied; tumor
seeding and rupture are practical concerns; It
has been reported that due to the presence of
intratumoral heterogeneity, analysis of micro-
vascular invasion through tumor biopsy would
be inadequate [34]. There were studies suggesting
that positron emission tomography using tracers

carbon-11 acetate and 18-fluoro-deoxy-glucose
could predict vascular invasion [35.36] and post-
transplant survival (37]. The role of positron
emission tomography scan in patient selection
and risk stratification is expected to be further
elucidated in future studies.

Other prognostic markers & scoring
system in the context of LT for HCC

Since it is well-known that tumor diameter and
number are insufficient to reflect tumor biol-
ogy 38], LT performed for HCC within Milan
Criteria still carries a 15% recurrence rate [39,40].
It implies that there is still ample room to refine
the current patient selection criteria, newer
prognostic parameters had been investigated
for better prognostication. Total tumor volume
has been introduced as a superior substitute for
size and number parameters [41,42]. It has been
shown that total tumor volume of <65.5 cm?
(equivalent to a solitary HCC of 5 cm) has a bet-
ter prognostic accuracy than Milan Criteria [43].
In order to better predict the chance of HCC
recurrence after LT, Agopian ez al. introduced a
normogram, which comprised of seven factors,
namely nuclear grading, vascular invasion, pre-
LT down-staging treatment, radiological maxi-
mum tumor diameter, AFP level, neutrophil/
lymphocyte ratio and total cholesterol level. This
model was shown to have higher predictive value
than using Milan and UCSF criteria in terms
of HCC recurrence [44]. Halazun ez al. recently

Table 1. Comparison of different liver transplant criteria for hepatocellular carcinoma.
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Criteria Tumor Tumor size Additional restriction Overall 5-year  Ref.
number survival (%)
UCSF Solitary <6.5cm - 75.2 [24]
3orless <4.5cm
Total <8 cm
University of Tokyo 5orless 5cmorless - 75 [25]
Chang Guan University 1 6.5cm - 90 [15]
3orless 4.5cm
Asan 6 or less 5cmorless - 82 [26]
Upto7 7 or less 7 or less Numerical sum of tumor size and number must be less  71.2 [20]
than 7
Kyoto University 10 or less 5cmorless PIVKA-II <400 mAU/ml 87 [29]
Kyushu University No limit 5cmorless PIVKA-II <300 mAU/ml 83
Hangzhou No limit Total size 8 cm For total tumor larger than 8 cm, histological grade 72 [30]
or less must be | or Il and AFP must be 400 ng/l or below
Dubay No limit No limit Only biopsy confirmed poorly differentiated HCC 72 [31)
would be excluded
Extended Toronto Criteria No limit No limit Presence of cancer-related systemic symptoms, poor 70 [32]
differentiation or AFP >500 ng/ml
AFP: Alpha-fetal protein; HCC: Hepatocellular carcinoma.
future science group www.futuremedicine.com 17
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published a novel scoring system, the MORAL
score [45] composed of AFP, neutrophil/lympho-
cyte ratio and tumor size showed high correla-
tion with post-LT HCC recurrence. Another
score known as the RETREAT score had been
developed and validated in a multicenter study
involving over 1000 HCC patients, by using
pre-LT AFP, presence of microvascular invasion
and the sum of the largest diameter of viable
tumor (cm) plus the number of viable tumors on
explant; such score was able to stratify patients
into different risk groups, patients who scored 0
and over 5 would have a predicted 5-year HCC
recurrence rate of less than 3% and 75% respec-
tively (46]. More scoring systems are expected to
emerge in the future. Internal and external vali-
dations are necessary before it can be generalized
to different populations.

Down-staging & bridging therapy in the
context of LT

Down-staging therapy allows patients with
HCC beyond criteria to become eligible for list-
ing again. Tumor down-staging programs differ
from center to center (Table 2). Some centers set
limits to number and size of tumor [47,48] while
others set no restriction for patient inclusion for
down-staging therapy [49.50]. Some centers used
only transarterial chemoembolization (TACE)
as the down-staging treatment [4750], while the
other employed various approaches including
TACE, transarterial radioembolization, percu-
taneous, laparoscopic or open tumor ablation
and resection in different combination [47-49,51].
In these series, around 44-78% of the patients
could reach the predefined endpoint after
receiving down-staging therapy and became
eligible for LT [47-s50]. The reported long-term
overall and disease-free survival ranged from
75 to 94% [47.49.51-52] and 50-92%, respec-
tively [47-48,50-51]. Despite the presence of het-
erogeneity among these series, the oncological
outcomes were comparable to HCC patients
who were within criteria and, hence, mak-
ing the down-staging policy justified [53.54]. In
addition, transarterial radioembolization with
the use of Yttrium-90 had been recently shown
to be an effective down-staging and bridging
approach even for HCC with macrovascular
invasion [55,56].

The ‘ablate and wait’ period after down-staging
therapy is an essential component of the whole
policy; by providing this ‘test of time’ which
usually last for 6 months [57.58], tumors with
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unfavorable biology would manifest themselves
with early recurrence/progression, thus help
screening out ‘high-risk” poor transplant can-
didate [5759]. Future studies using standardized
inclusion/exclusion criteria, treatment end point
and outcome measurement for down-staging
therapy shall further clarify its role.

For patients who are within criteria and wait-
listed, bridging therapy is given so as to halt
tumor progression [60,61], ultimately to reduce
dropout rate and improve survival [59.62-63].
TACE is a commonly used bridging therapy,
which was shown to achieve complete tumor
necrosis in 30-50% of the patients [64,65]. It has
been suggested that higher tumor necrosis rate
could be achieved by the use of doxorubicin
eluting bead TACE (DEB-TACE) (6], because
of the potentially more severe complications
after TACE [¢7]; further study data are needed
before it could replace conventional TACE.
Percutaneous RFA is another popular bridging
therapy for HCC patients on waiting list; its effi-
cacy depends on the size of tumor [68,69], how-
ever, poor liver function and presence of ascites
limit its use in cirrhotic patients. Emerging
methods of bridging therapy includes tran-
sarterial radioembolization using Yttrium-90
and external radiotherapy [70.71]. Both of them
were shown to have high tumor necrosis and
safety profile making them ideal alternatives for
HCC which respond poorly or contraindicated
to conventional bridging treatments.

Primary & salvage LT

Since Majno et al. introduced the concept of sal-
vage LT in 2000, which referred to the treatment
algorithm of upfront hepatectomy for resect-
able HCC followed by LT when recurrence or
decompensated cirrhosis arose [72], this policy
gained world-wide popularity as supported by
the good results from various single center and
meta-analyses series (73,74]. Belghiti ez al. (73]
compared 70 patients who had undergone pri-
mary LT with 17 patients who had salvage LT
for HCC, wherein it was found that the reop-
eration rate was higher in the salvage group but
there was no difference in 5-year overall survival
(OS) between the groups (61 vs 59%). On the
contrary, Adam et al. [75] reported a lower trans-
plantability after cumor recurrence, significantly
higher operative mortality (28.6 vs 2.1%) and
inferior 5-year OS (61 vs 50%) after comparing
195 primary transplant patients with 17 salvage
transplant patients. Nonetheless, salvage LT is
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currently a more popular approach since some of
the patients might be cured by resection alone;
primary LT for all HCC patients would unnec-
essarily put these patients at extra risk related to
graft rejection and immunosuppression; moreo-
ver, transplanting resectable HCC increases the
burden to the already tight donor pool, and
the waitlist mortality of the non-HCC patients
would be increased. Resection-first approach
can actually serve as a selection tool, those who
develop early nontransplantable HCC recur-
rence after resection are not ideal candidates
for primary LT either. Through close postop-
erative surveillance, transplantable recurrence
should still be identified. Although a more recent
intention-to-treat comparison between primary
LT and primary resection followed by salvage
LT from Adam’s group demonstrated supe-
rior survivals with primary LT patients who
succeeded salvage LT after primary resection,
actually had similar survival as compared with
the primary LT group (76]. Low transplantabil-
ity rate for recurrent HCC remains the Achilles
heel in the ‘resection-first, salvage if recur’ policy.
Since randomized controlled trial in this con-
text is unlikely practical, these options should be
opened to the patients for discussion especially
when there is a keen living donor.

LDLT & DDLT for HCC

Organ shortage has been a common problem
faced by the transplant community. It has
been reported that the dropout rate for HCC
patients on waiting list were 25 and 43% for
first and second year, respectively [77]. Since the

implementation of MELD exception scheme, the
chance of HCC patients getting a liver graft has
greatly increased by sixfold [78]. Different centers
have their own MELD exception policy accord-
ing to the spectrum of the waitlisted patients
and donor pool situations, subjecting to interval
audit and modification so as to ensure equitable
organ allocation among HCC and non-HCC
patients by considering their respective drop-
out rate and waitlist mortality. Recently, a new
‘6-month delay’ granting in MELD exception
policy was implemented in the States — patients
with HCC who remain within UNOS stage
IT (i.e., solitary tumor <5 cm, more than 3
tumors and each <3 c¢m) for half a year would
be granted a starting MELD of 28, followed by
additional MELD bonus score every 2 months
thereafter, eventually capped at 34 [79]. In the
authors’ center, the policy is similar except the
starting point is set at 18 without ceiling MELD
score [80]. Nonetheless, the ‘two blades knife’ of
MELD exception policy improves the survival
of HCC patients but inevitably compromises
the transplantation rate of non-HCC patients,
resorting to LDLT seems to be the only way to
beat this ‘zero-sum game’. In regions of ultralow
deceased donor rate such as Korea, Japan and
Hong Kong, LDLT has been a dominating
majority over DDLT (81,82]. Living donor graft
is a dedicated gift, usually from a loved one’s self-
less sacrifice negating the concern of resources
utility [83.84]. The hope of LT rekindled espe-
cially for HCC patients who have low MELD
score or even tumor staging beyond standard
LT criteria. Our earlier series suggested a worse
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Table 2. lllustration of down-staging programs and outcomes from different series.

DFS Ref.

- [52]
92% (4 years) (47
Not stated (49]
50% (5 years) [51]

71% (3 years)  [48]

75% (5 years)  [50]

Study (year) Criteria for DS Mode of Criteriafor LT  Successful Proceed LT OS
DS DS (%) (%)

Barakat et al. No limit Mixed UNOS T2 56 44 75% (2 years)
(2010)
Yao etal. (2008)  Solitary<8cm, 2-3 tumors ~ Mixed UNOS T2, tumor 70 57 92% (4 years)

<5 cm, 4-5 tumors <3 cm, necrosis

total <8 cm
Cilloetal. (2007) No limit Mixed Not stated Not stated 7 79% (5 years)
Chapmanetal.  No limit TACE ALTSGstage2 24 Not stated  94% (5 years)
(2008)
Ravaioli et al. Solitary <6 cm, 2 tumors <5 Mixed Milan 90 67 Not stated
(2008) c¢m, 3-5 tumors <4 cm, total

<12cm
Otto etal. (2006) No limit TACE RECIST (partial 55 44 Not stated

response)

ALTSG: American Liver Tumor Study Group; DFS: Disease-free survival; DS: Down-staging; LT: Liver transplantation; OS: Overall survival; RECIST: Response Evaluation Criteria in Solid
Tumors; TACE: Transarterial chemoembolization; UNOS: United Network for Organ Sharing.
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oncological outcome of HCC treated by LDLT
when compared with DDLT (ss]; similar find-
ings were reported in a multicenter series from
the USA [86]. One reason for the inferiority of
LDLT might be related to patient selection of
the studies. The other possible cause is the ‘fast-
tracking’ effect in LDLT. Since the waiting time
for LDLT is usually shorter than those in the
DDLT waiting list, the lack of the ‘test of time’
made transplanting a poor risk HCC patient
more likely, hence the worse treatment result.
A number of subsequent series, including those
from our center, did not find significant survival
difference between LDLT and DDLT in the
context of HCC treatment (87.88]. This change
could be related to the ‘fast-track’ effect after
implementation of MELD exception scheme.
Nonetheless, before further evidence emerged,
LDLT remains a very important treatment for
patient with HCC.

Unlike the case of DDLT, more advanced
HCC could still be considered for LT as long
as the patient and donor understand and accept
the chance and implication of post-LT HCC
recurrence. Threshold of performing LDLT
for beyond criteria HCC varies from center to
center. Most experiences were reported by the
Korean groups [89.90]. In a series by Lee ez al. [89],
11 patients diagnosed to have advanced HCC
with portal vein tumor thrombi, had under-
gone LDLT. The 5-year disease-free and OS of
the patients in that series was 45.5 and 63.6%,
respectively; hence, they concluded that, HCC
with portal vein tumor thrombi is not a contrain-
dication for LDLT provided that main portal
vein is not involved and the AP (AFP*PIVKA-II)
score is low. Albeit a much inferior long-term
oncological outcome as compared with those
transplanted within standard criteria, the 5-year
survivals according to that series was still much
better than those who received palliative or sys-
temic treatment [91,92]. In the context of LDLT
for advanced HCC, implication of inferior onco-
logical outcomes such as early recurrence and
disease dissemination, should be conveyed to
patient and potential donor. Donor morbidity
and mortality must be minimized so as to justify
this high recurrence risk operation.

Treatment for post-transplant HCC
recurrence

Despite compliance to Milan Criteria, HCC
recurrence after LT is still seen in 10-25% of
the patients [6,39.93-95]. Recurrence commonly
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occurs within 2 years after LT and is associ-
ated with poor survival [96]. Late recurrence (>2
years) and well differentiated HCC seems to
have a better survival [94,95]. The median sur-
vival of patients who developed post-LT HCC
recurrence, is around 8—12 months [54,94,97-98].
Patients who developed resectable (hepatic and
pulmonary) recurrence still have the median sur-
vival of around 5 years [94,99-100]. For unresect-
able recurrence, RFA, transarterial therapy, ste-
reotactic body radiation therapy, high-intensity
focused ultrasound and sorafenib are potential
treatment modalities [101]; some of them were
shown to improve survival and slow down dis-
ease progression [102,103]. The importance of
close surveillance to detect resectable recurrence
cannot be overemphasized.

Modern antitumor immunosuppressive
therapy

The decade-by-decade evolution of immuno-
suppressive agents has been one of the thrust
of transplantation medicine. Before the era of
cyclosporine in the 1970s, the 1-year graft sur-
vival was around 30%. Subsequent development
of cyclosporine improved the 1-year survival to
over 50%. In the 1990s, a new calcineurin inhib-
itor, tacrolimus had substituted cyclosporine as
the chief immunosuppressive due to its higher
potency and more favorable side-effect profile,
as shown in multiple trials [104]. However, in the
context of HCC, some studies suggested that
calcineurin inhibitor may promote primary
tumor growth and distant metastasis and hence
compromising disease-free survival [23,105-107]. A
newer agent known as sirolimus, which is a natu-
ral fermentation product of Streptomyces hygro-
scopicus, contains potent antifungal and immu-
nosuppressive properties [108]. By binding to and
inhibiting the mammalian target of rapamycin
(mTOR) and leading to interruption of the IL-2
pathway, it exerts its immunosuppressive effect
by arresting cell cycle of T-lymphocytes. The
antitumor effect had been reported in a number
of retrospective series [109,110]. Until recently, a
randomized multicenter open-label Phase 3 trial
comparing post-transplant HCC recurrence
rate of over 260 patients who were assigned to
mTOR-free immunosuppression and sirolimus
base immunosuppression regimen found that
sirolimus use was associated with lower 3-year
recurrence in patients who fulfilled Milan
Criteria [111]. Despite the fact that long-term
benefit of sirolimus in post-transplant HCC
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patients could not be demonstrated, this trial
provided an initial high-level evidence to suggest
substituting tacrolimus with sirolimus in HCC
patient after LT.

Future perspective of HCC treatmentin
the context of LT
LT will continue to be an effective treatment
for HCC, problem of graft shortage would be
partially alleviated by LDLT, yet, donor safety
and morbidity issues have to be well addressed
— shifting of the use of right lobe to left lobe liv-
ing donor graft and maturation of laparoscopic
donor hepatectomy would be the world trend.
Prediction of post-LT HCC recurrence will
continue to be the research interest in the coming
future. Apart from various new prognostic scor-
ing system and markers mentioned, advances in
the molecular biotechnology allows stratifying
recurrence risk by comparing the DNA content
of the tumor cells and normal reference cells.
Jonas et al. introduced the DNA index, and sug-
gested that index of 1.5 or less is associated with
good outcome regardless of the tumor number,
size and degree of tumor differentiation [112].
‘Signature genes’ for rapid tumor progression
had also been identified [113] which might be
extrapolated to aid selecting appropriate patient
for LT in the future.
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