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Objective: To determine the long-term results of liver transplanta-
tion for well- or moderately differentiated hepatocellular carcinoma
(HCC).
Summary Background Data: HCC patient selection for liver
transplantation remains controversial, and deciding exclusively on
the strength of criteria such as number and size of nodules appears
prognostically inaccurate.
Methods: Since 1991, preoperative tumor grading has been used at
our center to establish whether a patient with HCC is fit for
transplantation. Poorly differentiated HCC cases were excluded,
while size and number of nodules were not considered as absolute
selection criteria. Thirty-three patients with moderately or well-
differentiated HCC were prospectively studied after liver transplan-
tation. A group of 15 patients with incidental HCC transplanted
during the same period were also evaluated and compared with the
33 patients with preoperatively diagnosed HCC.
Results: On histologic examination, 38% of the entire group of 48
patients did not meet the “Milan criteria” and 42% were pTNM
stages III and IV. The median follow-up was 44 months. The 5-year
actuarial survival rate was 75% and recurrence-free survival was
92%. HCC recurred in only 3 patients (6%). The only histomorpho-
logic variable differing significantly between incidental and nonin-
cidental HCC was nodule size. The timing of diagnosis (incidental
vs. nonincidental HCC), the Milan criteria, and the TNM stage
revealed no statistically significant impact on overall and recur-
rence-free survival rates.
Conclusions: The routine pre-orthotopic liver transplantation tumor
grading may represent a valid tool in the selection of unresectable
HCC patients for transplantation.

(Ann Surg 2004;239: 150–159)

Over the last decade, the disappointing results reported in
early publications on transplantation for hepatocellular

carcinoma (HCC)1–3 and the scarce availability of liver do-
nors4 have favored the introduction at many centers5–7 of
stringent morphologic criteria (solitary nodule �5 cm, 3
nodules �3 cm) for listing HCC patients for orthotopic liver
transplantation (OLT). Many papers8–13 have shown, how-
ever, that adopting these criteria carries the risk of a signif-
icant number of patients being refused a potentially curative
solution. Conversely, a significant proportion of patients
assumed to be good transplant candidates are actually at high
risk of tumor recurrence.

Recent studies have shown that tumor grade and mi-
croscopic vascular invasion represent a much more direct
indicator of the biologic progression of HCC and hence of
posttransplant tumor recurrence risk.8,14–22 Only tumor grade
can be routinely determined preoperatively, however, and may
thus be a worthwhile criterion for selecting candidates for
OLT.8,9,15,23–26 Several works published in the 1980s had al-
ready pointed out the relevance of the histologic features of
HCC, and grade in particular, to the prognosis of patients
undergoing resection or transplantation.27–31 Since 1991, our
center has adopted a protocol for selecting HCC patients for
OLT that considers preoperative grading as a means for exclud-
ing the biologically most aggressive cases, while size and num-
ber of nodules were not considered absolute selection criteria.

The aim of the present study was to evaluate the
efficacy of OLT in a group of HCC patients selected on the
basis of specific criteria, which excluded the biologically
most aggressive cases according to grade. A group of patients
with incidentally detected HCC transplanted during the same
interval was also prospectively observed.

PATIENTS AND METHODS

Study Design
Preoperatively Known HCC (pkHCC)

Between July 1991 and May 2002, 133 HCC patients
seen at our center were considered unresectable due to the
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morphologic features of the tumor, the severity of cirrhosis, or
the patient’s general conditions. HCC was histologically con-
firmed in all patients by ultrasound-guided percutaneous hepatic
needle biopsy (FNAB). The grade of HCC differentiation was
determined at the same time, according to the Edmonson-Steiner
criteria.32

The following exclusion criteria were established for
OLT short-listing: general contraindications to transplant
(age, severe extrahepatic diseases, recent malignancies, com-
pliance), extrahepatic spread or vascular invasion (preopera-
tively evident or suspected), and poorly differentiated HCC
(G3) at pre-OLT FNAB.

TABLE 1. Exclusion Criteria in 93 Patients With
Unresectable HCC

Cause No. (%)

General contraindications 22 (24)
Vascular invasion and/or extrahepatic spread 18 (19)
Poorly differentiated HCC (G3) 10 (11)
More than one of the above 43 (46)

TABLE 2. Baseline Characteristics of the 48 HCC Patients Undergoing OLT and
Comparison Between iHCC and pkHCC Cases

Variable Total pkHCC iHCC

Median age (years) (range) 52 (24–63) 54 (24–61) 51 (35–63)
Sex (M/F) 40/8 28/5 12/3
Etiology

HCV 26 (54%) 17 (52%) 9 (59%)
HBV 8 (17%) 6 (18%) 2 (13%)
HCV � HBV 8 (17%) 6 (18%) 2 (13%)
Alcohol 2 (4%) 2 (6%) 0
Cryptogenic 1 (2%) 0 1 (7%)
Primary biliary cirrhosis 1 (2%) 0 1 (7%)
No cirrhosis 2 (4%) 2 (6%) 0

Child-Pugh score*
A 5 (11%) 5 (16%) 0
B 27 (59%) 20 (65%) 7 (47%)
C 14 (30%) 6 (19%) 8 (53%)

AFP levels*
1–10 15 (31%) 6 (18%) 9 (60%)
11–100 24 (50%) 18 (55%) 6 (40%)
101–1000 8 (17%) 8 (24%) 0
�1001 1 (2%) 1 (3%) 0

Pre-OLT treatment (33 patients)†

TACE 14 (42%)
TACE � other (RF/PEI) 7 (21%)
CT 6 (18%)
PEI/RF 4 (12%)
No treatment 2 (6%)

Pre-OLT staging (33 patients)
I 1 (3%)
II 18 (54%)
III 6 (18%)
IV 8 (25%)

Pre-OLT Milan criteria (33 patients)
Yes 20 (61%)
No 13 (39%)

*Statistically significant difference (P � 0.05).
†All patients with pkHCC had TACE except for those with severe cirrhosis or vascular anomalies (12

patients). In 7 cases, TACE was associated with percutaneous ablative therapies. Four of the 12 patients
who did not have TACE were treated with percutaneous methods alone, while 6 had CT alone and 2 had
no treatment at all.
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Ninety-three of the 133 patients (70%), having 1 or
more of the above features, were excluded (Table 1). Among
the 10 excluded G3 HCCs, 6 were initially TNM stage II, 5
met the Milan criteria, and 6 had the largest nodule � 5 cm.
The median survival for this group of 10 patients was 6 months
(range 1–19 months), despite several therapeutic strategies being
attempted (transarterial chemo-embolization [TACE], percuta-
neous ethanol injection [PEI], chemotherapy [CT]). Moreover,
60% died with multiple bone and lung metastases.

Forty of the 133 HCC patients (30%) joined the waiting
list for OLT: 33 (82.5%) were transplanted and are the topic
of the present study; 6 (15%) were still awaiting transplan-
tation as of May 31st 2002; one (2.5%) was removed from the
waiting list after developing neoplastic portal thrombosis 3
months after listing.

Incidental HCC (iHCC)
A total of 327 OLTs were performed at our center

during the study period (1991–2002). In 15 cases (4.6%),
HCC was diagnosed on the explanted liver. This group of
patients was also followed up prospectively.

Patient Characteristics, Staging Procedures,
Follow-up

The baseline features of the entire group are given in
Table 2, including the characteristics of their iHCC and
pkHCC. Forty-two patients (87%) had virus-related cirrhosis
(HCV in 26, HBV in 8, both in 8) and liver function was
severely compromised (Child B-C) in 41 cases (85%). Alpha-
fetoprotein (AFP) levels were below 100 in 81% of patients
at the time of listing. The proportion of patients with severe
cirrhosis (Child C), but normal AFP levels was significantly
higher among iHCC than among pkHCC cases (53% vs. 19%,
P � 0.003; and 60% vs. 18%, P � 0.002).

The preoperative evaluation included: hepatic Doppler
US, hepatic Lipiodol-arteriography, abdominal CAT, angio-
CAT or angio-MRI (if vascular invasion was suspected),
chest and brain CAT, and total-body bone scintigraphy to rule
out extrahepatic metastases. These tests were repeated if
patients remained on the transplant waiting list for more than
6 months. The median waiting time between final staging and
transplant was 3 months (range 1–6 months). Preoperative
staging (33 cases) revealed 14 patients (43%) in TNM stages

TABLE 3. Histopathological Characteristics (of Explanted Liver) of 48 HCC Patients and
Comparison Between iHCC and pkHCC Cases

Total pkHCC iHCC

No. of nodules
1 24 (50%) 17 (52%) 7 (46%)
2/3 10 (21%) 6 (18%) 4 (27%)
�3 14 (29%) 10 (30%) 4 (27%)

Maximum nodule size* 2.1 (0.8–1.5) 2.5 (1–15) 1.8 (0.8–3.5)
Median (range) (cm)

Grade
G1/G2† 23 (48%)/25 (52%) 15 (45%)/18 (55%) 8 (53%)/7 (47%)

Bilobular
Yes/No 13 (27%)/35 (73%) 8 (24%)/25 (76%) 5 (33%)/10 (67%)

Encapsulation
Yes/No 13 (27%)/35 (73%) 8 (24%)/25 (76%) 5 (33%)/10 (67%)

Microvascular invasion
Yes/No 2 (4%)/45 (96%) 2 (6%)/31 (94%) 0/15

pTNM
I 14 (29%) 6 (18%) 6 (40%)
II 14 (29%) 13 (40%) 2 (13%)
III 5 (11%) 4 (12%) 2 (13%)
IV 15 (31%) 10 (30%) 5 (34%)

Met Milan criteria‡

Yes/No 30 (62%)/18 (38%) 19 (58%)/14 (42%) 11 (73%)/4 (27%)

*Statistically significant difference (P � 0.05).
†No HCC with grades 3 or 4 (study exclusion criterion).
‡Histopathology of explanted liver meets Milan criteria. Of the 18 patients who did not meet the Milan criteria, 14

(30%) had more than three nodules, 3 (6%) had a single nodule �5 cm, 1 (2%) had 3 nodules, the largest being 4 cm.
Among the 14 with more than 3 nodules, there were also 3 patients whose largest lesion exceeded 5 cm. In the iHCC
group, all 4 patients not meeting the Milan criteria had more than 3 nodules.
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III and IV, while 13 (39%) did not meet the “Milan criteria.”6

OLT was performed with a venovenous bypass in 13 (27%) of
the 48 cases studied, while a “piggyback technique” was used in
the other 35. In one case (2%), a split liver from a cadaveric
donor was used, while there were no living donor liver trans-
plantations in this series. During the transplant, complete hepatic
artery lymphadenectomy was performed in all patients with
pkHCC. The explanted liver underwent histologic assessment by
an experienced pathologist who recorded HCC type, number
and size of nodules, grade, microvascular and macrovascular

invasion, any fibrous encapsulation, and lymph node involve-
ment. In cases of death after transplantation, autopsy was per-
formed to assess the cause of death and identify any disease
recurrence. Posttransplant immunosuppressive therapy consisted
of cyclosporine or tacrolimus in association with steroids, which
were tapered off within 6 months of transplantation. Follow-up
at 1, 3, and 6 months after transplantation, and every 6 months
thereafter, always included liver US and AFP assay. Total-body
CT was performed a year after transplantation or whenever
tumor recurrence was suspected.

Associated Therapies
Most patients with pkHCC (94%) had TACE and/or

other therapies (PEI, radiofrequency ablation [RF], CT) while
on the waiting list (Table 2).

Up until 1998 (the first 24 study patients), all patients
with HCC nodules exceeding 2 cm or multiple nodules of any
size (T2, T3, T4 on histology of the explanted liver) were
administered postoperative CT. From 1998 onwards (further
24 study patients), this approach was no longer applied to
HCV-positive patients to reduce the risk of post-OLT viral
recurrence. CT included 5-fluorouracil and carboplatin (1
cycle a week for 6 months). In all, 21 patients (44%) received
CT after transplantation: 8 in the iHCC group (53% of the
group) and 13 in the pkHCC group (39%).

Statistical Analysis
Post-OLT recurrence-free and overall survival rates

were the end-point of the study. The �2 test, Fisher exact test,
and logistic regression, where appropriate, were used for
comparisons (iHCC vs. pkHCC). The cumulative overall and
recurrence-free survival rates were calculated by the Kaplan-
Meier method. The survival curves were compared using the
log-rank test. All statistical tests were two-tailed. Analyses

TABLE 4. Accuracy of Imaging Techniques in pkHCC
Staging (33 patients)

TNM 3 pTNM* Number (%)
Upstaging 10 (30%)

T2 3 pT1 5 (15%)
T3 3 pT2 3 (9%)
T4 3 pT2 2 (6%)

Downstaging 6 (18%)
T2 3 pT3 2 (6%)
T2 3 pT4 4 (12%)

MILAN CRITERIA 3 MILAN CRITERIA (Histology)•
Upstaging

No 3 pYes 2 (6%)
Downstaging

Yes 3 pNo 3 (8%)

*When the pre- and post-OLT stages were compared in the pkHCC
group, there were 10 cases of upstaging (30%) and 6 of downstaging (18%)
vis-à-vis the TNM classification, and 2 cases of upstaging (6%) and 3 of
downstaging (9%) vis-à-vis the Milan criteria.
•Meets pre-OLT Milan criteria 3 after histology.

TABLE 5. Cause of Death and Features of the 9 Patients Who Died After OLT

Cause of Death Time After OLT Child iHCC pTNM
Milan Criteria*

(histology)

Intraoperative bleeding Intraoperative B No I Yes
Primary nonfunction 10 days B No IV No
Liver failure (split, small for size) 30 days A No I Yes
HCC recurrence in lung and liver 13 mo B No IV No
HCC recurrence in liver 13 mo B No I Yes
HCV recurrence, sepsis after re-OLT† 13 mo C No I Yes
Acute myeloid leukemia 24 mo No cirrhosis No IV No
HCV recurrence 30 mo B Yes I Yes
HBV recurrence, re-OLT, new HBV recurrence 44 mo C No I Yes

*meets Milan criteria after histology.
†Re-OLT, retransplantation.
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were performed using the SAS Institute statistical package
(JMP). Differences were considered significant at P � 0.05.

RESULTS
Histopathological Data and Tumor Staging

The histopathological features of the HCCs are sum-
marized in Table 3. In the pkHCC group, liver hilum lymph
nodes were always negative for infiltration at histology. None
of the patients involved in the study had macroscopic vascular
invasion. In all pkHCC patients (33 cases), histopathology on

the explanted liver was fully concordant with preoperative find-
ings in terms of grading. The 15 iHCCs were also found well- to
moderately differentiated on pathologic assessment in all cases.

When the pathologic features of the iHCCs and pkHCCs
were compared, only nodule size differed significantly (1.8 vs.
2.5; P � 0.03). At post-OLT staging, 42% of the patients
were classified as pTNM stages III-IV and 38% did not meet
the Milan criteria. No significant differences emerged in the
distribution of iHCC and pkHCC patients according to TNM
stage or Milan criteria. The findings in pre-OLT imaging

FIGURE 1. Overall (A) and recurrence-free (B) survival curves after OLT in the 48 patients enrolled in the study. Standard errors
at 3 years are 7% and 4.6%, respectively; 95% confidence intervals are represented by dashed lines.
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studies were different from the pathologic findings in a large
number of patients (Table 4).

Overall and Recurrence-Free Survival Analysis
As of May 31st 2002, the median follow-up for the

whole study group (48 patients) was 44 months (range 3–120
months). Four patients (8.3%) were retransplanted, 2 owing
to acute liver failure (within a month of the first transplant)
and 2 because of recurrent viral-related cirrhosis (12 and 16
months after the first transplant). At histopathology, the
explanted livers showed no signs of tumor recurrence. Over-
all mortality was 19% (9 cases), and only in 2 patients (4%)
was death related to tumor recurrence (Table 5). Altogether,
there were only 3 cases of HCC recurrence (6%), all histo-
logically confirmed, 3, 10, and 11 months after OLT (median
time to recurrence 7 months). The patient with the earliest
recurrence was treated with 12 cycles of PEI on 2 recurrent
liver lesions and is still alive and disease free 88 months after
transplantation. One-, 3-, and 5-year actuarial survival rates
were, respectively, 94%, 79%, and 75%. Recurrence-free
survival remained constant at 92% since all relapses occurred
within the first year (Fig. 1). The survival curve for HCC-
related transplants at our center coincides with the curve for
OLT for nonmalignant diseases (Fig. 2). The prognostic
significance of the main demographic, clinical, and patho-
logic variables in our series is shown in Table 6. As was to be
expected, given the low number of tumor recurrences, none
of these variables had a statistically significant impact on
overall and disease-free survival, and none revealed any
statistically significant differences when analyzed separately
in relation to the iHCCs and pkHCCs. Two recurrences
occurred among the pkHCC patients and 1 in the iHCC
group: all 3 met the Milan criteria before transplantation and

only 1 did not after histologic assessment on the explanted
liver (Fig. 3).

The 2 variables (number and size of nodules) were
unrelated with the overall and recurrence-free survival of the
48 patients. As for the pTNM classification, the 3 recurrences
occurred in 1 pTNM stage I patient and 2 pTNM IV patients.

DISCUSSION
Hepatocellular carcinoma now represents the fifth most

frequent malignant tumor in the world (564,000 cases a year)
and the third cause of death due to cancer.33,34 Liver trans-
plantation is the only option capable of simultaneously curing
both HCC and the underlying liver disease. The chances of
benefiting from OLT are hindered, however, by the limited
number of donors, resulting in a high risk of exclusion due to
disease progression while awaiting transplantation.4 The core
problem is thus the careful selection of patients who can
benefit from liver transplantation, which also means identi-
fying patients whose risk of recurrence is as low as possible.
The adoption of strict macromorphological selection criteria
(size and number of nodules) has led to a stunning improve-
ment in the survival rate for transplanted HCC patients in the
last 10 years, but several recent studies have shown the
prognostic limitations of such criteria.8,9,12,18,26

First of all, relying exclusively on the tumor’s macro-
morphological characteristics may result in misdiagnosis due
mainly to the limits of imaging techniques12,35. As pointed
out in a report from Milan,6 27% of patients exceeded the
original study entry criteria at histologic examination of the
explanted liver.6 In the present study, the pre-OLT stage was
inconsistent with the post-OLT stage in 16 pkHCC patients
(48%) according to TNM stages, and in 5 (14%) according to
the Milan criteria (Table 4).

Furthermore, the macromorphological characteristics
of HCC give an imprecise estimate of the tumor’s aggres-
siveness. In a study by Kirimlioglu et al,13 almost 15% of
small HCCs (�5 cm) developed aggressive features, rather
like flat carcinomas of the bladder and colon. In a series of
120 patients transplanted for HCC, Jonas et al8 reported HCC
recurrence in 17% of cases (it was the main cause of death
after OLT), a G3 HCC in 17% of patients and histologically
confirmed vascular invasion in 40%, despite using the Milan
criteria to select patients for OLT.

Conversely, tumor differentiation at the time of trans-
plantation represents a direct index of the disease’s biologic
aggressiveness and is probably a more accurate indicator of
the risk of recurrence.9,18,26 Klintmalm9 analyzed the impact
of tumor features on survival and recurrence in 422 trans-
planted patients (International Register of Hepatic Tumors)
and showed that, in well-differentiated HCC, tumor size and
vascular invasion did not affect survival or tumor recurrence,
while grading was the only independent prognostic factor
emerging from multivariate analysis. Tamura et al26 claimed

FIGURE 2. Comparison between overall survival curves of
HCC-related OLT (iHCC and pkHCC) versus OLT for nonma-
lignant disease. The log-rank test found no statistically signif-
icant differences.
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TABLE 6. Prognostic Variables Related to Survival and HCC Recurrence After Liver Transplantation in All 48 Patients in the
Study

Variable*

No. of Patients/
No. of

Recurrences

Overall Recurrence-Free

1 yr 3 yr 5 yr 1 yr 3 yr 5 yr

Demographic
Age

�52 yr 25/0 96 88 79 100 100 100
�52 yr 23/3 92 71 71 85 85 85

Sex
M 40/3 92 74 69 90 90 90
F 8/0 100 100 100 100 100 100

Cirrhosis-related
HCV 26/2 88 73 73 90 90 90
HCV � HBV 8/0 100 100 100 100 100 100
HBV 8/0 100 100 83 100 100 100
Other 6/1 100 53 53 80 80 80

Child-Pugh class at transplantation
A 5/0 100 100 100 100 100 100
B 27/2 89 68 68 87 87 87
C 14/1 100 92 82 93 93 93

Tumor-related
Incidental

Yes 15/1 100 92 92 93 93 93
No 33/2 91 72 64 91 91 91

Met Milan criteria
Yes 30/2 93 78 72 91 91 91
No 18/1 94 72 64 93 93 93

pTNM
I–II 27/1 89 72 65 94 94 94
III–IV 21/2 100 86 86 89 89 89

Grade
G1 23/0 87 72 72 100 100 100
G2 25/3 100 84 76 86 86 86

Encapsulation
Yes 13/0 85 63 63 100 100 100
No 35/3 97 86 80 89 89 89

No. of nodules
1 24/1 92 75 68 94 94 94
2/3 10/1 100 100 100 87 87 87
�3 14/1 93 74 74 91 91 91

Nodule size
�5 cm 42/3 93 79 75 90 90 90
�5 cm 6/0 100 50 50 100 100 100

Bilobar
Yes 13/2 91 78 72 83 83 83
No 35/1 100 80 80 96 96 96

AFP
1–10 15/2 93 73 73 83 83 83
11–101 24/0 96 91 83 100 100 100
101–1000 8/1 88 47 47 80 80 80
�1001 1/0 100 / / 100 / /

Chemotherapy
Yes 21/2 100 85 79 90 90 90
No 27/1 89 71 71 93 93 93

*For each variable, the log-rank test found no significant differences between overall and recurrence-free survival curves.
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even patients with HCCs �5 cm may have excellent survival
prospects if the tumor is well-differentiated. This being so,
there may be a considerable proportion of patients who would
benefit from transplantation but would be refused such a
solution if the Milan criteria were followed. This could
become a major issue if new strategies for increasing the
donor pool (living related, split, marginal livers) make OLT
available to a larger number of HCC patients. In the complex
setting of living donor liver transplantation, in particular,
where the donor has a strong will for dedication and there is

no waiting list problem, less selective enrollment criteria for
HCC patients are claimed.34,35 In our experience, 13 patients
(39% of the pkHCC group) underwent OLT despite not
meeting the Milan criteria preoperatively (Table 2), but none
of them had HCC recurrence.

Recent studies have shown the importance of micro-
scopic vascular invasion as an independent prognostic factor
for HCC patients undergoing resection or transplanta-
tion,8,14–21 but this histopathological parameter cannot be
used for preoperative selection because it is only assessable
by histopathology on the explanted liver. Some studies have
shown that the main predictor of microvascular invasion is
the histologic grade of the HCC, which can be determined
preoperatively by percutaneous needle biopsy.8,9,15,22–24 The
close relationship between these two parameters may explain
why vascular invasion is often eliminated in multivariate
models for analyzing tumor recurrence prognostic factors that
include histologic grading, and vice versa.8,9,14–24 Our study
confirmed this theory, showing a very low incidence of
microscopic vascular invasion (4%) when only G1-G2 HCCs
were considered for OLT. Nonetheless, the degree of differ-
entiation of HCC can affect the recurrence risk irrespective of
any vascular involvement, being an independent marker of
the tumor’s biologic aggressiveness.9,26 This is consistent
with the lack of tumor recurrence in our 2 cases of vascular
microinvasion.

As a consequence, many authors say that liver needle
biopsy is essential in proper patient selection for transplan-
tation, although they fear the risk of tumor seeding.9,18,26

There were no cases of tumor implantation attributable to
needle biopsies in our experience, however.

HCC recurred in only 6% of our cases and was a minor
cause of death after OLT (Table 5). Multifocal and bilobular
lesions, occurring, respectively, in 50% and 27% of our
patients, had no prognostic significance. The percentage of
patients with tumors �5 cm was only 12% of the entire group
and 18% of patients with pkHCC, but none of them had
recurrent disease. The exclusion criteria (extrahepatic metas-
tases, vascular invasion, poorly differentiated HCC) may
have indirectly set a limit for the size rather than for the
number of nodules, and this could explain the characteristics
of our population. The 3 recurrent HCCs were all G2 unen-
capsulated tumors but �5 cm (Table 6). Moreover, the long
median follow-up in our series (44 months) implies a low risk
of underestimating tumor recurrence since the only 3 tumor
relapses occurred within a year of transplantation.

The prevalence of iHCC in our study (31%) was com-
parable with other reports8,9 and related to the diagnostic
limits of imaging techniques and the prolonged waiting
time.36 Despite the difference in the size of the nodules
(Table 4), the recurrence-free survival of patients with iHCC
was not significantly better than in patients with pkHCC (Fig.
3), as confirmed elsewhere.9 We found a trend toward a

FIGURE 3. A: Comparison between recurrence-free survival
curves for iHCC versus pkHCC cases. The log-rank test found
no statistically significant differences. B: Comparisons between
recurrence-free survival curves for HCC that did versus did not
meet the Milan criteria after histologic assessment. The log-
rank test found no statistically significant differences.
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statistically significant difference (P � 0.06) in overall sur-
vival rates between the 2 groups (iHCC vs. pkHCC, Fig. 2),
but this does not seem to be justified by the tumor’s charac-
teristics and recurrences (Table 5). Overall, this suggests that
iHCC should be considered in the same way as pkHCC for
prognostic purposes and, consequently, also in terms of
postoperative treatment and follow-up.9

Several papers10,37,38 have shown that complementary
therapies (resection, TACE, CT, PEI) may help control tumor
growth while awaiting transplantation and thus reduce the
risk of micrometastatic deposits in the early postoperative
phase (chemotherapy). In our series, using a multimodal
approach both preoperatively (94% of pkHCC patients were
treated while awaiting OLT) and postoperatively (44% of all
HCC patients received CT) probably contributed toward the
results in terms of overall and recurrence-free survival.

CONCLUSION
In the group studied with all cases of G1-G2 HCC, the

usual HCC staging procedures (TNM, Milan criteria) applied
in retrospect were unable to predict tumor recurrence,
whereas using HCC grades (G1 and G2) based on preopera-
tive FNAB to select candidates for OLT was associated with
an extremely low rate of tumor recurrence comparable with
that of incidentally detected HCC, and an overall long-term
survival comparable with OLT for benign diseases (Fig. 2).
These results are consistent with reports in the literature after
OLT in carefully selected HCC patients,5–7 although nodule
size and number were not used as selection criteria. Our
experience confirms observations by some other authors9,18,26

that tumor differentiation may accurately reflect tumor ag-
gressiveness and the consequent posttransplant risk of recur-
rence. It appears to be more accurate than macromorphologi-
cal parameters and also reduces the risk of rejecting patients
who would in fact benefit from OLT. These results support a
new strategy for selecting HCC patients suitable for transplan-
tation based on immunohistochemical or molecular biology
techniques for identifying new biohumoral or pathologic factors
relating to the invasiveness of HCC. In association with histo-
logic grading, such new parameters could further increase prog-
nostic precision in estimating the post-OLT risk of tumor recur-
rence, substantially improving the patient selection process.39–44

Further studies are needed in this direction.
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