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Abstract

AIM: To examine the results of orthotopic liver trans-
plantation (OLT) for hepatocellular carcinoma (HCC) in
Ireland over a 14-year period.

METHODS: Cases of HCC receiving OLT between
January 1995 and September 2009 in the Irish Liver
Transplant Unit were reviewed from a prospectively
maintained database. Outcome measures included
overall and recurrence free survival, alpha-fetoprotein
(AFP) and tumour pathological features.

RESULTS: On explant pathology, 57 patients had HCC.
The median follow-up time was 42.7 mo. The overall 1,
3 and 5 years survival was 87.7%, 72.1% and 72.4%.
There was no difference in survival when compared
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to patients undergoing OLT without malignancy. The
tumour recurrence rate was 14%. The Milan criteria
were exceeded in 32% of cases but this did not predict
overall survival or recurrence. On multivariate analysis
pre-operative AFP > 100 ng/mL was an independent
risk factor for recurrence (RR = 5.2, CI: 1.1-24.3, P =
0.036).

CONCLUSION: Patients undergoing OLT for HCC had
excellent survival even when conventional listing criteria
were exceeded. Pre-operative AFP predicts recurrence
independent of tumour size and its role in selection
criteria should be investigated in larger studies.

Key words: Liver transplantation; Alpha-fetoprotein;
Hepatocellular carcinoma; Transplantation selection
criteria; Liver cirrhosis

© The Author(s) 2016. Published by Baishideng Publishing
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Core tip: We have shown good survival from a medium
volume transplant centre in a small cohort of patients
exceeding Milan criteria. We show an association
between a pre-operative alpha-fetoprotein (AFP) >
100 and hepatocellular carcinoma (HCC) recurrence,
independent of tumour size. Our study supports other
single centre experience on survival after transplant for
HCC with low AFP and indicates that AFP needs to be
interrogated in large, multi-centre studies to see if it
can be included in transplant listing criteria to augment
the current radiology based dimensional criteria.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the 5" most common
cancer and 3™ leading cause of cancer-related death
worldwide™. The incidence and related mortality are
increasing, particularly in Western countries®. It is
now well accepted that the optimal treatment for
small HCC in the setting of cirrhosis is orthotopic liver
transplantation (OLT)"!. Since the publication and
adaptation of the Milan criterial” the outcomes have
improved dramatically compared to results from the
era prior to established selection criterial®. Patients
undergoing OLT for HCC within the Milan criteria achieve
outcomes comparable to non-malignant transplant
cohorts. However, recurrence is the most important
cause of post-transplant death™. Appropriate patient
selection is crucial as patients with large or biologically
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unfavourable tumours have unacceptable recurrence
and overall survival rates”’. It is essential that centres
which provide OLT for HCC audit their results to ensure
outcomes compare to international survival rates thus
enabling appropriate patient prioritisation and organ
allocation.

The aim of the current study was to determine the
outcomes of OLT for HCC in a single, national institution
over a 14-year period. Overall and recurrence free
survival rates were compared to clinical and pathological
factors using multivariate analysis to identify indepen-
dent predictors of recurrence.

MATERIALS AND METHODS

All patients undergoing OLT with HCC proven on explant
pathology between January 1995 and September 2009
were included in the study. All OLT in the Republic of
Ireland are carried out in the Liver Unit of St Vincent's
University Hospital. The Liver Unit maintains a pro-
spective database containing patients’ clinical details.
Tumour characteristics are recorded on a computerised
pathology database. A retrospective review of this data
was performed. Patient characteristics recorded included
age at OLT, sex, aetiology of underlying liver disease,
pre-operative alpha-fetoprotein (AFP), survival, and
recurrence status. Tumour data recorded included size
and number of tumours, compliance with the Milan and
University of California San Francisco (UCSF) criteria
and microvascular invasion. The study was approved by
the St Vincent’s University Hospital ethics review board.

Patient selection and transplant protocol

All patients listed were classified clinically as cirrhotic.
HCC diagnosis was based on a combination of ultra-
sound, computed tomography (CT) and double-contrast
magnetic resonance imaging (MRI). After 1996 patients
were listed for OLT if they met Milan criteria on pre-
operative imaging. Patients in Ireland listed for OLT for
HCC receive an adjusted Model for End-Stage Liver
Disease (MELD) score'. All OLT were from deceased
donor transplants and organs were retrieved before
cardiac death. Patients were followed up at a dedicated
transplant clinic every three months. In general, post-
transplant immunosuppression consisted of a reducing
dose of corticosteroids and a calcineurin inhibitor
(tacrolimus) or azothioprine. Follow up included annual
abdominal ultrasound and CT where appropriate.

Survival and recurrence

Overall patient survival was determined from date
of OLT until the most recently attended clinic. HCC
recurrence free survival was determined by the date
of the most recently available radiological imaging.
Deaths from recurrence were prospectively recorded
in the database. Patients without recurrence that
died were documented free of recurrence only if the
most recent available imaging or post-mortem report
excluded recurrence. Two investigators (O’Connor DB
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Table 1 Patient demographics

44:13
59.1 (53.5-63.6)

Male:female
Age, median (IQR)

Aetiology of HCC
Alcoholic liver disease 17 (29.8%)
Hepatitis C 17 (29.8%)
Haemochromatosis 13 (22.8%)
o-1-antitrypsin deficiency 3(5.3%)
Primary sclerosing cholangitis 2(3.5%)
Primary biliary cirrhosis 2 (3.5%)
Autoimmune hepatitis 2 (3.5%)
Hepatitis B 2 (3.5%)
Cryptogenic 2 (3.5%)
Cystic fibrosis 1(1.8%)
Sarcoidosis 1(1.8%)
Nash 1(1.8%)
Pre-operative a-fetoprotein, median (IQR) 8.8 (3.3-29.2)
Compliant with Milan criteria 41 (71.9%)
Compliant with UCSF criteria 49 (86.0%)
Largest lesion, median (IQR) 3 (2.5-4.5)
Cirrhosis 53 (93.0%)
Steatosis 2 (3.5%)
Multifocal lesions 24 (42.1%)
Micro-vascular invasion 24 (42.1%)
Tumour differentiation
Well 24 (42.1%)
Moderate 28 (49.1%)
Poor 5(8.8%)
Incidental lesions 5(8.8%)

HCC: Hepatocellular carcinoma; UCSF: University of California San
Francisco; IQR: Interquartile range.

and Cooney A) independently reviewed the database
to ensure accuracy of the survival and recurrence data.
Patients were censored in September 2009 to ensure a
minimum of 5-year follow-up.

Tumour characteristics

All explants were examined by a histopathologist
experienced in HCC pathology ( Nolan N). Tumour size,
number of lesions, presence of macro or microvascular
invasion, and condition of the non-tumour bearing liver
were recorded. Tumours were graded as well, moderate
or poorly differentiated. Compliance with Milan or UCSF
criteria was based on size and number of lesions and
was determined by explant pathology rather than pre-
operative imaging.

Statistical analysis

Patients were divided into groups based on meeting
or exceeding listing criteria, presence or absence of
vascular invasion, tumour grade, and pre-operative
AFP levels to determine impact on overall overall and
recurrence free survival. Data is presented as median
(interquartile range). Factors affecting survival were
determined by a Cox Proportional Hazard Model and
significant factors were incorporated into a multivariate
analysis. Kaplan-Meier analysis and the log-rank test
were used to illustrate differences between recurrence
free and overall survival according to clinical factors.
Comparisons between the HCC and control cohort were
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made using Fisher’'s Exact test. All calculations were
done using SPSS version 12.0 (SPSS, Inc., Chicago,
IL). P < 0.050 was set as the threshold for statistical
significance.

RESULTS

During the 14-year study period 57 patients underwent
OLT for HCC confirmed on explant pathology. One
patient received OLT in 1995 and 56 patients were
transplanted between 1998 and 2009. This represented
11.3% of the 504 patients undergoing OLT in the Liver
Unit during that time. HCC was diagnosed radiologically
in 52 cases pre-operatively and 5 cases were incidental
findings in cirrhotic patients. HCC was absent on ex-
plant pathology in 4 additional patients transplanted
for presumed HCC, representing false positives who
were excluded from the analysis. Pre-operative AFP,
tumour histopathology and clinical follow up data were
available for all 57 patients. Median follow up was 42.7
(14.6-67.6) mo.

The median age at OLT was 59 years. The most
common underlying causes of cirrhosis were alcoholic
liver disease (30%), hepatitis C (30%) and Haemo-
chromotosis (23%). The Milan criteria were exceeded
in 16 (28%) and 8 patients (14%) exceeded UCSF
criteria. Median largest tumour size was 3 (2.5-4.5)
cm. Micro-vascular invasion was present in 24 (42%)
tumours. The mean time to OLT following diagnosis was
3 mo. Bridging therapy was not routinely used. Only 4
patients underwent trans-arterial chemo-embolization
and this was not included in statistical analysis. Patient
and tumour characteristics are outlined in Table 1.

Survival

Overall survival at 1, 3 and 5 years was 87.7% (50/57),
72.1% (31/43) and 72.4% (21/29) respectively. The
HCC transplant group were compared to a cohort
of 313 patients undergoing OLT between 1998 and
2008 who underwent their primary, non-emergent,
transplant during that period. There was no statistical
difference between the HCC and control cohort in 1
(87.7% vs 89.1%, P = 0.450), 3 (72.1% vs 84.2%, P
= 0.050) and 5 years (72.4% vs 80.9%, P = 0.211)
overall survival rates. No clinical or pathological variable
significantly affected overall survival in those undergoing
OLT for HCC (Table 2). Overall survival was not affected
by patients exceeding the Milan (Figure 1A) or UCSF
(Figure 1B).

Recurrence

Recurrence free survival was 86%, 69.7% and
69.5% at 1, 3 and 5 years respectively. There were 8
recurrences in total (14%) and 5 patients died from
recurrence. Recurrence occurred within 1 year in 3
patients, within 2 years in 3 and beyond 3 and 5 years
in one patient each. The location of recurrent disease
was hepatic in 3 (including 2 patients with additional
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Table 2 Univariate analysis of factors affecting overall survival

HR Cl P-value

Male sex 0.786  0.301-2.055 0.623
Age 1.001  0.954-1.051 0.952
Aetiology of HCC

Alcoholic liver disease 0523  0.175-1.567 0.247

Hepatitis C 2.098  0.849-5.183 0.108

Haemochromatosis 0.715  0.239-2.143 0.549

Other 1198  0.459-3.126 0.712
Pre-operative o-fetoprotein >100ng/mL  1.502  0.437-5.165  0.519
Compliant with Milan criteria 0.994  0.381-2.590 0.989
Compliant with UCSF criteria 0.871  0.290-2.618  0.805
Largest lesion 1.207  0.963-1.513 0.102
Cirrhosis 23.309  0.024-224.813 0.369
Steatosis 0.044  0.000-187.285 0.465
Multi-focal lesions 1.201  0.499-2.890 0.683
Micro-vascular invasion 1489  0.619-3.578 0.374
Tumour differentiation

Well 0.862  0.349-2.131 0.748

Moderate 1100  0.448-2.698 0.835

Poor 1159  0.268-5.022 0.843
Incidental lesions 0.450  0.060-3.391 0.438

HCC: Hepatocellular carcinoma; UCSF: University of California San
Francisco.

extra-hepatic metastases), porta-hepatis lymph nodes
in 2, and in one patient multiple recurrence occurred
in lung, omentum and sacrum. Hepatic recurrences
were diagnosed on CT and extra hepatic disease was
confirmed by biopsy. Recurrence free survival was
similar between patients meeting or exceeding the
Milan (Figure 1C) and the UCSF criteria (Figure 1D).
Underlying liver disease, tumour size or vascular
invasion did not affect recurrence free survival. On
univariate analysis only poorly differentiated tumours
and AFP levels > 100 ng/mL were associated with
reduced disease free survival (Table 3) and a shorter
time to recurrence (Figure 2). On multivariate
analysis, pre-operative AFP > 100 ng/mL remained an
independent predictor of recurrence free survival (HR =
5.2, P =0.036).

Patients exceeding Milan and UCSF criteria

Eight patients exceeded both Milan and UCSF criteria.
Five were alive at 5 years and one patient with recu-
rrence was alive after 3 years follow-up. Recurrence only
occurred in 2 cases. One patient died from recurrence
after 14 mo and one died from a separate malignancy at
2 years. Micro-vascular invasion was present in 4 cases.
AFP exceeded 100 ng/mL in the patient who died from
recurrence.

DISCUSSION

The current study confirms that OLT for HCC is an
effective treatment modality and that survival rates are
comparable to those undergoing OLT for non-malignant
disease. Patients exceeding the Milan or UCSF criteria
were not at increased risk of reduced overall survival
or increased recurrence. Pre-operative serum AFP is an
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Table 3 Univariate analysis of factors affecting recurrence

free survival

HR Cl P-value

Male sex 0.681 0.156-2.971 0.609
Age 1.004 0.932-1.081 0.922
Aetiology of HCC

Alcoholic liver disease 0.775 0.155-3.887 0.757

Hepatitis C 3.272 0.798-13.417  0.100

Haemochromatosis 1.210 0.243-6.024 0.816

Other 0.027 0.000-16.500  0.271
Pre-operative o-fetoprotein > 100 ng/mL  6.668 1.661-26.768  0.007
Compliant with Milan criteria 1.354 0.271-6.761 0.712
Compliant with UCSF criteria 0.739 0.148-3.692 0.712
Largest lesion 1.326 0.976-1.801 0.071
Cirrhosis 23.025 0.000-327.873  0.604
Steatosis 0.045 0.000-546.731 0.664
Multifocal lesions 2.100 0.494-8.930 0.315
Micro-vascular invasion 1.560 0.376-6.463 0.540
Tumour differentiation

Well 0.249 0.046-1.340 0.105

Moderate 1.553 0.374-6.443 0.544

Poor 5.631 1.074-29.510  0.041
Incidental lesions 0.041 0.000-720.752 0.523

HCC: Hepatocellular carcinoma; UCSF: University of California San
Francisco.

independent risk factor for recurrence.

The landmark Milan publication in 1996 established
listing criteria based on a single HCC of less than 5 cm
or up to 3 tumours, each less than 3 cm™. This was
validated in other single-centre studies and together
demonstrated a 5-year survival of 70% and recurrence
rates of less than 15% which became the gold standard
outcome in OLT for HCCP'!, These criteria continue
to be used in Ireland and many centres worldwide.
Our institution is a medium volume centre performing
approximately 60-70 OLT per year. The outcomes of
our patient cohort compare favourably to recently
published series’ from higher volume centres™***, Our
patient demographic is different to most centres as in
over 50% of patients the underlying liver pathology was
alcoholic liver disease or haemochromatosis. Worldwide,
the main causes of HCC are hepatitis B and C virus but
in this study they only accounted for 33% of HCCM*,
However aetiology of HCC did not significantly impact
on overall or disease free survival.

The majority of patients with HCC present with
disease beyond the Milan criteria'®. Acceptable 5-year
survival and recurrence rates observed in a subgroup of
patients with larger tumours led to the publication of the
UCSF criteria which proposes listing patients with a single
tumour up to 6.5 cm or up to 3 lesions, none larger than
4.5 cm and total tumour burden not exceeding 8 cm™®.
This has been reproduced in single-centre studies with
short follow up but never in multi-centre or nationwide
population studies but in recent years several units
have called for an extension of the criteria. Patients
beyond the Milan criteria did not experience inferior
survival in our centre but our numbers are too small to
support calls for extension of the criteria based simply
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Figure 1 Kaplan-Meier estimates of overall survival (A and B) and recurrence free survival (C and D) in relation to compliance with the Milan and University
of California San Francisco criteria. UCSF: University of California San Francisco.

on size and number of tumours. The limitations of pre-
operative imaging for staging in the setting of cirrhosis
also impede raising the threshold. One large study
showed pre-operative imaging to under stage over 40%
of patients’”. In the current study almost 30% were
not compliant with Milan criteria on explant pathology.
Interval tumour growth is a possible explanation for
patients who meet criteria on imaging and then exceed
them on pathology. However our cohort experienced
a short waiting period of 3 mo and relatively small
tumours (median 3 cm) which makes tumour doubling
unlikely. Even with advances such as double-contrast
MRI, extending the criteria based solely on size risks
transplanting patients with tumours too large to benefit.

The limitation of established criteria is that they are
based on tumour dimensions. While results from single
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centre studies have justified its use for organ allocation,
in @ North American population study, a subgroup of
patients with larger tumours within the Milan criteria
had significantly poorer survival outcomes than those
without HCC™®, It is imperative that any selection
criteria be accurate in predicting prognosis to justify the
large proportion of transplants undertaken for HCC in
the setting of a shortage of organs. For example 25%
of all United States OLT have been for HCC since the
introduction of priority MELD scores for HCC in 2002™%
and 11% of OLT in Ireland are for patients with HCC.
There is growing evidence that the biological beha-
viour of the tumour rather than size dictates recurrence.
Patients with larger tumours beyond the Milan criteria
but without micro-vascular invasion can have excellent
survival, such as outlined in the “up-to-seven-criteria”,
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Figure 2 Kaplan-Meier estimates of recurrence free survival in relation to pre-operative a-fetoprotein (A) and tumour differentiation (B).

but this cannot be diagnosed pre-operatively™®. The
impact of micro-vascular invasion was not found to be
statistically significant in our cohort but in large studies
it has been shown to double the risk of death"”’. Pre-
operative AFP may be the best available surrogate
marker for micro-vascular invasion and the biological
aggressiveness of the tumour. Several studies have
identified a high pre-operative AFP as a risk factor for
recurrence and reduced survival****, We have shown
AFP predicted reduced disease free survival, indepen-
dent of both tumour size and micro-vascular invasion.
Furthermore, patients exceeding Milan or even UCSF
criteria experienced excellent overall and recurrence
free survival with a pre-operative AFP < 100 ng/mL.
This supports the finding of another group where an
AFP level < 30 ng/mL predicted disease free survival in
patients beyond Milan criteria®. Both studies are limited
by the small number of patients exceeding Milan criteria.
Recent large studies have not examined the impact of
AFP in the context of tumours beyond the Milan criteria.
The largest study reporting survival in patients with
tumours exceeding the Milan criteria (1112 patients)
unfortunately did not examine the impact of AFP level”.
Analysis from the United Network for Organ Sharing
on 2253 patients demonstrated a significant survival
advantage in patients with low pre-transplant AFP (< 20
ng/mL) but this effect wasn't explored in patients with
tumours outside Milan criteria®. It would therefore be
intriguing if AFP could be examined in a large population
database or multicentre study to determine if patients
with large tumours but low pre-operative AFP had higher
survival rates. Only then can AFP be used to augment
existing eligibility criteria to safely expand the pool of
patients suitable for OLT.

In conclusion, in appropriately selected patients
with HCC undergoing OLT, survival was comparable to
non-HCC patients. A subgroup of patients with larger

Baishidenge ~ WJT | www.wjgnet.com

401

tumours and low AFP may benefit from OLT but this
association should be examined in larger, multicentre
studies.
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Background

Orthotopic liver transplantation (OLT) is the most effective treatment for
hepatocellular carcinoma (HCC) in the setting of cirrhosis. Survival in well
selected patients with a small burden of tumour is similar to patients undergoing
OLT for non-cancer related indications.

Research frontiers

Existing selection criteria are based on the size and number of the tumour.
Several datasets have demonstrated good survival outcomes in patients
exceeding these criteria. The biological characteristics, for example micro-
vascular invasion may just as important as the tumour dimensions. However
these cannot be reliably detected pre-operatively.

Innovations and breakthroughs

This study also demonstrates that patients with larger tumours can still have
good survival outcomes. Pre-operative alpha-fetoprotein (AFP) predicted
tumour recurrence. AFP may be a useful surrogate marker for less favourable
biological characteristics of the tumour.

Applications
The prognostic value of AFP could be evaluated in large, multi-centre datasets
to determine its potential as an adjunct to existing selection criteria.

Terminology

OLT: Orthotropic liver transplant involves fully explanting the diseased liver
immediately prior to the transplant; HCC: Hepatocellular carcinoma is the most
common primary liver tumour. Because most cases occur in the setting of
cirrhosis, it is often not amenable to resection; AFP: Alpha-fetoprotein has no
known function in adults but it has clinical significance as a tumour marker in
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the diagnosis of HCC.

Peer-review

This is an interesting attempt to evaluate the results of liver transplantation for
HCC with regard to potential relation with pre-operative values of AFP. The
paper is well written and results are clarified.
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