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Abstract

AIM: To assess the validity of the Milan and University
of California San Francisco (UCSF) criteria and examine
the long-term outcome of orthotopic liver transplanta-
tion (OLT) in patients with hepatocellular carcinoma
(HCC) in a single-center study.

METHODS: This study is a retrospective review of
prospectively collected data. Between 1998 and 2009,
56 of 356 OLTs were performed in patients with HCC.
Based on pathological examination of liver explants,
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patients were retrospectively categorized into 3 grou-
ps: Milan + (n = 34), Milan -/UCSF + (n = 7) and
UCSF - (7 = 14).

RESULTS: Median follow-up period was 39.5 (1-124) mo.
The 5-year overall survival rates in the Milan +, Milan
-/UCSF + and UCSF-groups were 87.7%, 53.6% and
33.3%, respectively (P < 0.000). Within these groups,
tumor recurrence was determined in 5.8%, 14.3% and
40% of patients, respectively (P < 0.011). Addition-
ally, the presence of microvascular invasion within the
explanted liver had a negative effect on the 5-year dis-
ease free survival (74.7% vs 46.7%, P < 0.044).

CONCLUSION: The Milan criteria are reliable in the
selection of suitable candidates for OLT for the treat-
ment of HCC. For cases of OLT involving living donors,
the UCSF criteria may be applied.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most com-
mon malignancy in the world, and is associated with the
third highest number of cancer-related deaths'"’. More-
ovet, for 70%-90% of HCC cases, HCC develops on a
background of cirrhosis or chronic liver inflammation”.
Currently, there are three potentially curative therapeu-
tic options for HCC, liver resection, orthotopic liver
transplantation (OLT), and local ablative therapies”. Al-
though liver resection treats localized HCC, it is not op-
timal for treating multifocal HCC, and has no efficacy in
preventing de novo HCC that can develop in the remnants
of a cirrhotic liver. Alternatively, liver transplantation is
an established therapy which offers the potential advan-
tage of removing both the tumor and the organ at risk
for developing future malignancies'”.

In order to identify the best candidates for OLT, a set
of criteria were proposed, referred to as the “Milan” cri-
teria. According to these guidelines, patients with cirrho-
sis and a solitary tumor with a diameter less than 5 cm,
or patients who have up to 3 tumor nodules, cach of
which is smaller than 3 cm and are not characterized by
vascular invasion or extrahepatic metastasis (according to
preoperative radiologic findings), are patients that have
a higher probability of obtaining a successful outcome
following OLT. For example, the 5-year recurrence-free
survival rate for a set of patients who fulfilled the Milan
criteria was reported to be 83%". The “Milan criteria”
were subsequently adopted by the United Network for
Organ Sharing (UNOS) in 2002 as the optimal criteria
for determining the use of OLT to treat HCC". How-
ever, an expanded set of criteria proposed by the Uni-
versity of California San Francisco (UCSE), referred to
here as the “UCSE” criteria, allows patients with a soli-
tary tumor smaller than 6.5 cm, or patients having 3 of
fewer nodules, with the largest lesion being smaller than
4.5 cm or having a total tumor diameter less than 8.5 cm
without vascular invasion, to undergo OLT. Based on
the comparable success of this set of criteria in selecting
patients for OLT, it has been suggested that the Milan
criteria may be too stringent!”. Therefore, the aim of this
study was to examine the long-term outcome of patients
undergoing liver transplantation to treat HCC, and to
compare the use of the current criteria (both the Milan
and UCSF) for the selection of HCC patients for pos-
sible OLT.

MATERIALS AND METHODS

Between 1998 and 2009, 56 of 356 (15.7%) OLTs were
performed in patients with HCC at the Dokuz Eylul
University Hospital (Izmir, Turkey). Of these, 50 were
diagnosed with HCC prior to transplantation, and 6
(10.7%) were diagnosed during OLT. According to pre-
OLT imaging and post-OLT pathological evaluation,
56 patients were retrospectively classified into 3 groups:
Milan +, Milan -/UCSF + and UCSF - (Table 1).

Following the pathological examination of liver ex-
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Table 1 Number of patients associated with each criteria de-

pending on pre-orthotopic liver transplantation imaging and
post-orthotopic liver transplantation pathology results 7 (%)

Diagnostic approaches Milan + Milan -/UCSF + UCSF -
pre-OLT imaging 44 (78.0) 5 (8.9) 7 (12.5)
post-OLT pathology 34 (60.7) 7 (12.5)" 15 (26.8)

'6/7 patients were classified as “Milan +” based on pre-OLT imaging; *4
patients each were classified as “UCSF +/Milan -” and “Milan +” based
on pre-OLT imaging. UCSF: University of California San Francisco; OLT:
Orthotopic liver transplantation.

plant specimens, 14 (25.0%) patients were reclassified
due to underestimates of tumor size, and 7 (12.5%) pa-
tients were reclassified due to the tumor number being
greater than expected (false negative rate: 25%) (Table 1).
For the applied Milan and UCSF criteria, false negative
rates of pre-OLT radiological evaluations were 22.7%
(10/44) and 16.3% (8/49), respectively. In summary, 8
patients met the UCSF criteria prior to undergoing OLT,
and exceeded the UCSF criteria following pathologic
evaluation of the explants obtained.

Pre-OLT workup

All patients included in this study had cirrhosis due to
various etiologies. A pre-operative diagnosis of HCC
was based on a patient’s medical history, a physical
examination, laboratory studies, a-fetoprotein (AFP)
levels, and the results of one or more imaging stud-
ies [i.e., abdominal ultrasonography, contrast-enhanced
computed tomography (CT), angiographic CT, or ab-
dominal magnetic resonance imaging (MRI)]. Tumor
biopsies were not performed to confirm each diagnosis.
Chest CT, cranial CT, and technetium-99 m bone scin-
tigraphy were used to detect the potential incidence of
extrahepatic disease, and distant or lymph node metas-
tases were not detected in any of the patients. Pre-OLT
adjuvant therapies, including radiofrequency ablation
(RFA), transarterial hepatic chemoembolization (TACE),
percutaneous ethanol injection (PEI), and liver resection
were performed in selected patients. In the absence of
medical contraindications, patients who fulfilled the Mi-
lan criteria in pre-OLT evaluations were qualified to re-
ceive a transplant from either a living or deceased donor.
Alternatively, for patients who did not fulfill the Milan
criteria, these patients were qualified to receive organs
from living donors only. In our series, 31 (55.3%) living
and 25 (44.7%) deceased donor liver grafts were utilized.
In the latter group, 3 marginal liver grafts from deceased
donors were transplanted to recipients who did not ful-
fill the Milan critetia.

Pre-OLT locoregional therapy

Thirteen out of 50 (26%) patients received locoregional
treatment prior to OLT, which included either TACE (»
=9), liver resection (7 = 2), PEI (» = 1), or RFA (» = 1).
Moreover, complete radiological regression was associat-
ed with all patients who underwent TACE, PEI or RFA.
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Table 2 Patient characteristics according to Milan and Uni-
versity of California San Francisco criteria determined from

post-orthotopic liver transplantation imaging and post-ortho-
topic liver transplantation pathological evaluations 7 (%)

Variables Milan + Milan -/UCSF + UCSF - P value
No. of patients 34 7 15
Gender (M/F) 29/5 7/0 14/1
Age (yr) 55.1+6.6 51.0+45 564+55 0222
CTP (A/B/C) 8/18/8 3/1/2003 10/4/2001
MELD 13.3+49 12.7+43 13.4+43 0.803
AFP (ng/dL) 49 6.1 119 0.953
No. nodules 14+0.6 24+13 57+44 0.000
Max diameter of 225+11.6 459 +11.5 47.9+23.8 0.000
largest nodule (mm)
Grade
Well 17 (73.9) 2 (28.6) 4(26.7)
Moderate 17 (53.1) 5(71.4) 10 (66.7)
Poor 1 (6.6)
Microvascular 6 (17.6)° 2 (28.6) 7 (46.7)" 0.034"

invasion

M: Male; F: Female; UCSF: University of California San Francisco; CTP:
Child-Turcot-Pugh; MELD: Model of End-stage Liver Disease; AFP:
o-fetoprotein. °P < 0.05.

Furthermore, two patients were successfully downstaged
to the Milan criteria following treatment with TACE. For
the two patients who underwent curative resection for
HCC, both suffered intrahepatic recurrences one year
later and were scheduled to undergo OLT. Due to the
use of local ablative procedures, the incidence of major
morbidity was 0%.

Immunosuppressive regimen and antiviral prophylaxis
OLTs involving deceased or living donors were per-
formed by the same surgical team, and standard tech-
niques were used. Briefly, patients received an immu-
nosuppressive regimen of calcineurin inhibitors (i.e.,
cyclosporine A or tacrolimus), mycophenolic acid, and
corticosteroids in the early post-operative period. The
latter were tapered and eventually discontinued during
the second month following each OLT. For patients
with hepatitis B virus (HBV), peri- and post-operative
hepatitis B immunoglobulin and an antiviral were admin-
istered. Lamivudine-resistant patients were treated with
tenofovir. During the follow-up period, serum hepatitis
B antibody levels were kept above 200 TU/L, and intet-
feron and ribavirin treatments were initiated if hepatitis
C recurred.

Pathological evaluation

All explants were examined by an experienced hepato-
pathologist (Sagol O), and were categorized depending
on the size, number, distribution, HCC histologic grade,
and vascular invasion associated with each tumor.

Post-OLT monitoring

Post-operative death was defined as death within 3 mo
post-OLT. All patients underwent regular follow-up
examinations in the outpatient clinic. Both the surgical
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team and an experienced hepatologist maintained surveil-
lance for tumor recurrence or metastasis based on AFP
levels and chest CT scans, as well as by contrast-enhanced
abdominal CT scans performed once every 3 mo for the
first year post-OLT, then once a year thereafter. The
minimum follow-up period was 12 mo.

Statistical analyses were performed using SPSS 15.0
for Windows (SPSS, Chicago, Illinois, United States).
Data are expressed as the mean * SD, and median and
range values are provided when appropriate. Quantitative
variables were compared using the Kruskal-Wallis test.
Comparisons between groups with regard to qualitative
variables were performed using the chi-square test and
Fisher’s exact test, if necessary. Survival was calculated
using Kaplan-Meier estimates, with comparisons made
using the log rank test. P < 0.05 was considered statisti-
cally significant.

RESULTS

The demographic characteristics of the patients included
in this study are presented in Table 2. OLT was per-
formed for patients who had been on a waiting list for a
median of 62 d. Furthermore, the interval between when
the patients were listed for transplantation and when the
patients underwent transplantation was similar for both
deceased and living donor transplantations (i.e., 60 25 68 d,
respectively). The average rates of graft weight/body
weight for both OLT groups were also 1.09% (range,
0.69-1.8) and 1.82% (range, 0.76-2.58), respectively.

The mean hospital stay for patients was 31.2 = 21.5 d,
and complications associated with surgery were experi-
enced by 10 (17.8%) recipients. Four (7%) recipients pre-
sented with biliary leak, with two of the cases resolving
and two of the cases resulting in death due to sepsis. In
addition, 3 (5.3%) recipients acquired pneumonia post-
operatively. Two of these patients recovered, while the
other died from respiratory arrest. One recipient died
due to intra-abdominal sepsis and another developed
intra-abdominal hemorrhage post-operatively and under-
went a second operation. Only one patient experienced
a wound infection. In contrast, a total of 4 (7%) patients
died due to surgical complications, while another patient
died from duodenal ulcer perforation with sepsis. The
overall mortality for this study was 8.9% (5/56).

Pre-operative AFP levels ranged from 1.72 to 3630 ng/
dL (median, 158.7 ng/dL), with the normal range being
0.5-5 U/L. Only 6/56 (10.7%) patients had an AFP level
greater than 200 ng/dL. Furthermore, the mean AFP
levels during the pre-OLT period for patients with inci-
dental HCC was 15.5  26.6 ng/dL (range, 2.45-63.1).

Tumor characteristics are described in Table 2. In
particular, the number of nodules per patient and the
diameter of the largest nodule were significantly lower
in the Milan + group compated to the Milan -/UCSF +
and UCSF-groups, respectively (P < 0.000).

Adjuvant chemotherapy was an option for 13 (23.2%)
patients who were medically eligible for chemotherapy
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Table 3 Follow-up data for patients who underwent ortho-

topic liver transplantation for hepatocellular carcinoma 7 (%)

Variables Milan + Milan -/UCSF + UCSF -
No. of patients 34 7 15
Post-operative death 2(5.9) - 1(4.5)
Death 5(14.7) 2 (28.6) 11 (73.3)
HCC recurrence 2(5.8) 1(14.3) 6 (40.0)
Median follow-up 51.5 (1:124) 32 (1:66) 14 (3:66)

UCSF: University of California San Francisco; HCC: Hepatocellular carci-
noma.

Table 4 Causes of mortality associated with cases in this
study

Causes of death n (%)

Sepsis (late postoperative period) 7
Lung metastasis 5
Sepsis (early postoperative period) B
Recurrent fulminant hepatitis B 2
Duodenal ulcer perforation 1
Intracranial hemorrhage 1

and was administered post-OLT according to pathologi-
cal tumors with a diameter of > 2 cm and/or microvas-
cular invasion or post-OLT in case of recurrence. These
patients received 5-fluorouracil in combination with epi-
rubicin, mitomycin C, or cisplatin. None of the patients
died as a result of chemotherapy-related complications.
However, for three patients, grade 4 hematologic toxicity
was reported, two patients experienced grade 3 gastroin-
testinal toxicity (i.e., excessive nausea and vomiting), and
one patient exhibited grade 3 neurotoxicity.

Recurrence

Tumor recurrence was experienced by 9 (16%) patients
(Table 3). Recurrence rates were 5.8%, 14.3% and 40%
in the Milan +, Milan -/UCSF + and UCSF-groups,
respectively. Five patients presented solely with distant
metastasis in the lung (» = 3), in both the lung and bone
(7= 1), and in the bone and skin (# = 1). The remaining
4 patients suffered intrahepatic tumor recurrence with
(n = 2) or without (7 = 2) extrahepatic metastasis (i.e.,
lung, adrenal gland, bone). None of the 6 recipients with
incidental HCC recurred. For the treatment of tumor re-
currence, chemotherapy was the only therapeutic option
administered.

Survival

The median follow-up period was 39.5 mo (range,
1-124), and at this point, 19 (33.9%) patients had died.
Causes of death are listed in Table 4. Correspondingly,
the 1-, 3- and 5-year overall survival (OS) rates of the
whole series were 80.4%, 68.9% and 65.3%, respectively.
The disease-free survival rates for the same categories
were 78.6%, 67.1% and 67.1%, respectively.
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Figure 1 Kaplan-Meier overall survival curves for Milan +, Milan -/UCSF +
and UCSF-patients (post-orthotopic liver transplantation). UCSF: University
of California San Francisco.

Overall survival in the groups

When OS rates were calculated according to the crite-
ria used, the 1-, 3- and 5-year OS rates for the Milan
+ group were 91.2%, 87.7% and 87.7%, respectively.
The mean survival time was 110.3 £ 7.2 mo (95% CI:
96.1-124.4) for this group. In contrast, the 1-, 3- and
5-year OS rates for Milan -/UCSF + patients were
85.7%, 53.6% and 53.6%, respectively. The mean OS
petiod was 39.8 £ 9.1 mo (95% CI: 22.1-57.6). The OS
rates for UCSF-patients were 66.7%, 33.3% and 22.2%,
respectively, with a mean survival time of 29.8 £ 7.4 mo
(95% CI: 15.3-44.4) (P < 0.000) (Figure 1).

Disease-free survival in the groups

The rates of disease-free survival at 1-, 3- and 5-years
post-OLT were 91.2%, 87.7% and 87.7%, respectively,
for Milan + patients. Furthermore, the mean discase-free
survival petiod was 109.3 £ 7.2 mo (95% CI: 95.2-123.1).
In contrast, the 1- and 3-, and 5-year disease-free surviv-
al rates for Milan -/UCSF + patients were 71.4%, 53.6%
and 53.6%, respectively, and the mean disease-free
survival period was 39.6 = 9.2 mo (95% CI: 21.6-57.5).
The disease-free survival rates for the UCSF-group were
33.3%, 25.0% and 25.0%, respectively, and the mean
disease-free survival period was 26.1 £ 7.8 mo (95% CI:
10.9-41.4) (P < 0.000) (Figure 2).

Microvascular invasion

When OS rates were calculated for patients with and
without microvascular invasion, the 1-, 3- and 5-year OS
rates for each category were 87.8%, 74.7% and 74.7%,
and 73.3%, 53.3% and 35.6%, respectively (P < 0.029)
(Figure 3). Furthermore, disease-free survival rates were
82.9%, 74.7% and 74.7% for patients without microvas-
cular invasion, and 53.3%, 46.7% and 46.7% for patients
with microvascular invasion (P < 0.044) (Figure 4).
Moreover, we found that the presence of microvascular
invasion was significantly higher in UCSF -than Milan +
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Figure 2 Kaplan-Meier disease-free survival curves for Milan +, Milan
-/UCSF + and UCSF-patients (post-orthotopic liver transplantation). UCSF:
University of California San Francisco.
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Figure 3 Kaplan-Meier overall survival curves for patients with microvas-
cular invasion (post-orthotopic liver transplantation).

patients (P < 0.034).

Survival analysis based on pre-OLT imaging

In the three groups which were classified based pre-OLT
imaging, OS rates are shown in Figure 5. Among these,
the 1-, 3- and 5-year OS rates for Milan + patients were
93.2%, 83.3%, and 78.6%, respectively. The mean surviv-
al period was 102.7 *+ 7.2 mo (95% CI: 88.5-116.9 mo).
In contrast, the OS rates for UCSF-patients were 28.6%,
14.3%, and 14.3%, respectively, with a mean survival
petiod of 18.6 £ 8.9 mo (95% CI: 1.0-36.2 mo) (P <
0.000). When the same evaluations were made for Milan
-/UCSF + patients (# = 5), only the 1-, and 2-year OS
rates were available and were 40% and 20%, respectively,
and the mean survival period was 11.6 = 3.4 mo (95%
CIL: 5.0-18.2 mo) (Figure 5).

DISCUSSION

This retrospective study sought to examine the overall
reliability of the Milan and UCSF criteria as clinical tools
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Figure 4 Kaplan-Meier disease-free survival curves for patients with mi-
crovascular invasion (post-orthotopic liver transplantation).
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Figure 5 Kaplan-Meier overall survival curves for Milan +, Milan -/UCSF + and
UCSF-patients based on pre-orthotopic liver transplantation imaging results.
UCSF: University of California San Francisco. OLT: Orthotopic liver transplantation.

for the selection of HCC patients to be treated with
OLT. Currently, the best liver transplant outcomes for
HCC are obtained using the Milan criteria. For these pa-
tients, the 5-year survival rates are greater than 70% and
the recurrence rate is 15%"™'". In 2002, UNOS adopted
the “Milan criteria” as the optimal criteria for selecting
patients for possible OLT due to HCC". However, it
was subsequently proposed that the Milan guidelines be
expanded based on the comparable survival rates that
were being achieved for patients undergoing selection
based on the UCSF criteria'”. Therefore, to investigate
whether the Milan criteria are too trestrictive for the se-
lection of patients who could otherwise benefit from
OLT, a series of HCC cases, who were confirmed by
pathology studies of explanted liver specimens, were
analyzed. In particular, Milan + patients had significantly
better 5-year OS rates than both Milan -/UCSF + and
UCSF-patients (87.7% vs 53.6% and 33.3%; P < 0.039
and P < 0.000, respectively). Additionally, Milan -/UCSF
+ patients who would be expected to obtain the maxi-
mum benefit from the proposed expanded criteria had
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no significant difference in survival rates compared to
UCSF-patients (53.6% vs 33.3%, P < 0.239).

In most cases, patient selection criteria are based on
radiological imaging performed to assess the extent of
intrahepatic disease present, and to exclude extrahepatic
spread. However, pre-OLT imaging studies have been
shown to underestimate tumor stage in 20%-30% of
cases™™ "', Consistent with these results, pre-OLT imag-
ing associated with the series of cases evaluated in this
study underestimated either the size, or the number, of
tumors present in 14/56 (25%) patients. As a result, 80%
of patients identified as Milan -/UCSF + prior to OLT
were reclassified as UCSF-following pathological evalu-
ations of the explants obtained. In addition, the 5-year
survival rate of these reclassified patients was 25%.
Thus, the Milan criteria appear to provide a wider “safe”
margin and reduce the negative influence of underesti-
mates of tumor stage by pre-OLT imaging;

As the interval between imaging studies performed
and the date of transplantation increases, the patient
undergoing transplantation is potentially at a higher risk
for tumor recurrence. This could be avoided by shorten-
ing the waiting time for a transplant by increasing the
number of organ donors, or better utilization of living
donors. In this series, OLT was performed a median of
62 d after the patient was placed on a waiting list. In ad-
dition, due to the limited number of deceased donors
available in Turkey, transplant centers have agreed to
allocate deceased donor liver grafts to HCC patients
who meet the Milan criteria. Although living donors are
currently utilized as a source of liver grafts for the treat-
ment of HCC, the primary concern for transplant pro-
grams is minimization of donor morbidity and mortality.
Today, living donor hepatectomies are performed safely,
and for countries experiencing a shortage in deceased
donors, OLTSs from living donors shorten the time that
patients spend on a waiting list"”. In our study, 55.4% of
the grafts used were obtained from living donors. How-
ever, despite all efforts, the morbidity and mortality of
living donors following resection of the right lobe of the
liver is approximately 0.5% and 35.0%, respectively*"".
Thus, considering the safety of living donors and the
poor long-term survival rates associated with recipients
exceeding the UCSF criteria, it is recommended that
the UCSF criteria be followed in order to select HCC
patients with the highest likelithood of survival following
OLT.

Opverall, the recurrence rate (16%) associated with
this study was consistent with previous reports'®. Ac-
cording to the patient groups, the recurrence rates were
5.8%, 14.3% and 40.0% for the Milan +, Milan -/UCSF
+, and UCSF-patients, respectively. We hypothesize that
these low recurrence rates are associated with the use of
the Milan critetia in patient selection and especially for
the allocation of deceased donor grafts.

Microvascular invasion is a key step in HCC metas-
tasis. However, as a characteristic of tumor growth that
must be determined pathologically, it is impossible to
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know pre-operatively if it exists. According to previous
studies, the presence of microvascular invasion is con-
sidered a negative factor for OLT in the treatment of
HCC. Correspondingly, in our study microvascular inva-
sion was associated with a significant decrease in 5-year
OS rates from 74.7% to 35.6% (P < 0.029). Moreover,
we found that the presence of microvascular invasion
was significantly higher in UCSF -than Milan + patients (P
< 0.034).

There are cases where HCC is detected in explanted
livers incidentally, and transplant centers worldwide
have reported variable incidences of this situation. In
particular, Chui e a/'" and Loinaz ez /™™ reported the
unexpected incidence of HCC to be 1.4% and 2.8%,
respectively. In other series, slightly higher incidences of
7% and 8% have been reported"*”. This discrepancy
could be partly due to the thickness of the liver sections
used for pathologic examination. In the present series,
the rate of unexpected HCC incidence was 10.7% (6/56).
The mean tumor diameter associated with these cases
was 14.7 mm, and the maximum nodule size was less
than 20 mm. Furthermore, none of these tumors ex-
hibited radiological features that are typically associated
with HCC. Serum AFP levels for 5/6 of these patients
were also within the normal range, while one patient had
an AFP level of 63.1 ng/dL. However, previous studies
have demonstrated that AFP levels are not a reliable in-
dicator for the diagnosis of HCC", and this was consis-
tent with our results. In addition, confirmatory biopsies
were not performed for these cases since almost all of
the patients had diagnostic findings identified in the im-
aging studies conducted. Therefore, our results indicate
that the current guidelines of the American Association
for the Study of Liver disease can provide a reliable di-
agnosis of HCcY.

In conclusion, pre-OLT imaging continues to have a
relatively high false negative rate for HCC patients con-
sidered for transplantation. The inaccuracy of imaging
modalities for identification of tumor charactetistics such
as size and number may result in the selection of patients
with unfavourable sutvival outcome for OLT. Based on
the cases analyzed in this study, it would appear that the
Milan criteria are very useful and safe in selecting recipi-
ents who will benefit from OLT. Therefore, given the
limited number of deceased liver grafts available, the Mi-
lan criteria should be followed in the selection of suitable
candidates for OLT for the treatment of HCC. In con-
trast, for cases of OLT involving living donors, the UCSE
criteria may be applied. In addition, future advancement
in imaging modalities may further improve the reliability
and applicability of these selection criteria.

COMMENTS

Background

Liver transplantation offers the best long-term effective treatment for patients
with hepatocellular carcinoma (HCC) in cirrhosis. Patients who fulfill the Milan
criteria may have a 5-year survival of up to 88%. However, application of the
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Milan criteria might lead to the exclusion of patients who otherwise would ben-
efit from orthotopic liver transplantation (OLT). Several studies have evaluated
more liberal criteria for tumor staging which could be adopted without significant
impairment of patient survival or tumor recurrence. However, the expansion of
tumor-specific criteria for transplantation raises concerns about rational use of
scarce deceased donor organs and safety issues in living donation.

Research frontiers

The role of OLT in patients with HCC beyond the Milan criteria is a matter of
debate. Several different selection criteria have been proposed to reach an
optimum survival outcome after OLT. Improvements in imaging modalities and
markers of aggressive tumor biology may help in selecting patients with better
outcome after OLT.

Innovations and breakthroughs

In a substantial portion of HCC patients, pre-OLT imaging studies underesti-
mate the extent of the disease. Patients who were reclassified to higher tumor
stages after pathological evaluations of the explants had poor survival after
OLT. The Milan criteria appear to provide a wider safe margin and reduce the
negative influence of underestimates of tumor stage by pre-OLT imaging.

Applications

In the face of low deceased donor organ availability and safety issues in living
donation, transplanting patients with HCC who meet the Milan criteria appears
to have optimum benefit on patient survival. Better understanding of tumor
behavior may help in selecting patients who may benefit from OLT even with
higher tumor burden (expanded selection criteria).

Peer review

Despite several studies in the literature about the Milan and University of Cali-
fornia San Francisco (UCSF) criteria, this study for the first time suggests Milan
criteria for safer preoperative radiological staging over the UCSF criteria.
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