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The best prioritization of patients with hepatocellular carcinoma (HCC) waiting for liver transplantation under the model for
end-stage liver disease (MELD) allocation system is still being debated. We analyzed the impact of a MELD adjustment for
HCC, which consisted of the addition of an extra score (based on the HCC stage and waiting time) to the native MELD score.
The outcome was analyzed for 301 patients with chronic liver disease listed for liver transplantation between March 1, 2001
and February 28, 2003 [United Network for Organ Sharing (UNOS)-Child-Turcotte-Pugh (CTP) era, 163 patients, 28.8% with
HCC] and between March 1, 2003 and February 28, 2004 (HCC-MELD era, 138 patients, 29.7% with HCC). In the HCC-MELD
era, the cumulative dropout risk at 6 months was 17.6% for patients with HCC versus 22.3% for those patients without HCC
(P � NS), similar to that in the UNOS-CTP era. The cumulative probability of transplantation at 6 months was 70.3% versus
39.0% (P � 0.005), being higher than that in the UNOS-CTP era for patients with HCC (P � 0.02). At the end of the HCC-MELD
era, 12 patients with HCC (29.3%) versus 57 without HCC (58.8%) were still on the list (P � 0.001). Both native and adjusted
MELD scores were higher (P � 0.05) and progressed more in patients with HCC who dropped out than in those who underwent
transplantation or remained on the list (the initial-final native MELD scores were 17.3-23.1, 15.5-15.6, and 12.8-14.1,
respectively). The patients without HCC remaining on the list showed stable MELD scores (initial-final: 15.1-15.4). In
conclusion, the present data support the strategy of including the native MELD scores in the allocation system for HCC. This
model allows the timely transplantation of patients with HCC without severely affecting the outcome of patients without HCC.
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Excellent long-term survival rates are achieved after
liver transplantation (LT) in patients with early stage
hepatocellular carcinoma (HCC).1-5 However, the re-
sults of LT are limited by the mismatch between the
growing demand and the shortage of donor livers be-
cause prolonged time on the waiting list increases the
dropout rate on account of tumor progression beyond
the accepted transplantation criteria.4,6 To warrant an
equitable graft allocation based on medical urgency,7,8

on February 27, 2002, the model for end-stage liver

disease (MELD) score, based on 3 ready available and
objective parameters (international normalized ratio for
the prothrombine time, bilirubin, and creatinine), re-
placed the status of the United Network for Organ Shar-
ing (UNOS) in the stratification of patients waiting for
LT in the United States.9 The MELD score has been
validated to predict 3-month mortality in patients with
cirrhosis,10 but it lacks any predictive power in LT can-
didates with HCC, as their risk of death and exclusion
from the list results not only from liver function (which
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is often preserved) but mainly from tumor growth. HCC
candidates, therefore, need prioritization beyond the
degree of their hepatic decompensation.

Under the UNOS status allocation policy, patients
with HCC were listed in status 2B independently of
their Child-Turcotte-Pugh (CTP) score.11 At the imple-
mentation of the new allocation system in the United
States, a fixed MELD score was attributed to patients
with HCC, based on an estimation of the risk of pro-
gression and exclusion from the waiting list. Candi-
dates with stage T1 HCC (1 lesion, �2 cm) and with
stage T2 HCC (single lesion, 2-5 cm, or up to 3 lesions,
�3 cm each) received 24 and 29 points, respectively. A
few months after the new policy was introduced, a
marked increase in LT for HCC was recorded,12,13 lead-
ing to 87% of the patients with HCC undergoing trans-
plantation within 3 months. These findings raised the
concern that the priority given to patients with HCC
was excessive, clearly pointing out how complex it is to
predict the risk of exclusion from the waiting list in any
given patient with HCC.14 As a result, in January 2003
and again in January 2004, the score assigned to pa-
tients with HCC was reduced. Currently, in 2006,
UNOS policy states that only patients with stage T2
HCC may receive extra priority on the waiting list,
which consists of registration at a MELD score equiva-
lent to a 15% probability of death within 3 months (24
points). Additional MELD points equivalent to a 10%
increase in mortality risk are assigned every 3 months.

At the beginning of 2003, the Bologna Transplanta-
tion Center adopted a MELD-based allocation policy
but applied its own prioritization criteria for HCC. The
aim of this study was to analyze at 1 year the results of
the new allocation policy: How did it influence the drop-
out and transplantation rate in patients with and with-
out HCC? Is the native MELD score associated with
dropout in patients with HCC? What is the short-term
and mid-term impact of the new allocation system on
the rate of grafts assigned to patients with HCC?

PATIENTS AND METHODS

Patient Population and Study Period

An analysis was made of all consecutive patients en-
listed for, or submitted to, cadaveric LT for chronic liver
disease (with or without HCC) at the Bologna Trans-
plantation Center from March 1, 2001 to February 28,
2004. Patients listed or undergoing transplantation be-
cause of acute liver failure and patients who underwent
retransplantation for urgent conditions were excluded
from the analysis. A living donor LT program had not
yet been implemented at the center in that period.

Information was collected concerning the age, sex, and
indication to LT, including the etiology of the liver disease,
date of listing, date of LT, date and cause of dropout,
number of HCCs (single or multiple), size of the largest
HCC, and serum alpha-fetoprotein (AFP). After the intro-
duction of the new allocation policy, the MELD score (na-
tive and adjusted for HCC) was recorded at the time of
enlisting (initial MELD score) and at the last visit available

within 3 months from LT, dropout, or the end of the study
period (final MELD score).

Patients were grouped according to time periods as
UNOS-CTP and HCC-MELD with respect to the date of
implementation of the new allocation policy (March 1,
2003).

Patients with HCC: Diagnosis and Listing
Criteria

We designated all patients with a known diagnosis of
HCC at the time of enlisting or found to have HCC while
on the waiting list as patients with HCC. Patients not
diagnosed with HCC before LT, including those with
incidental HCC diagnosed after LT on the explanted
liver, were called patients without HCC.

The HCC diagnosis was based on the concordant
findings of at least 2 imaging techniques showing the
characteristic arterial hypervascularization or on bi-
opsy findings.15 The imaging techniques used for diag-
nosis and staging were ultrasonography (including
Doppler and real-time contrast-enhanced ultrasonog-
raphy),16 computed tomography, magnetic resonance
imaging, and angiography.

Patients with HCC should fulfill the Milan criteria (sin-
gle tumor, �5 cm in diameter, or up to 3 tumors, each �3
cm in diameter, without vascular invasion or extrahepatic
spread)1 upon enlistment and until LT. Patients with HCC
who had undergone percutaneous ablation or transarte-
rial chemoembolization, either before or after enlistment,
still retained HCC priority, even if imaging techniques
suggested complete necrosis of the treated lesion(s). The
treated lesions, including those apparently necrotic, were
kept in the count when the fulfillment of the transplanta-
tion criteria were assessed.

Up to shortly before the beginning of the HCC-MELD
era (January 15, 2003), patients were definitively re-
moved from the list if the Milan criteria were exceeded.
Thereafter, a downstaging protocol was implemented,
open to patients with HCC beyond the T2 stage but
within the following inclusion criteria: single nodule,
�8 cm; bifocal/trifocal HCC, each �5.0 cm; or up to 5
nodules, each �4.0 cm (in any case with a total tumor
diameter below 12 cm). These patients underwent sur-
gery or locoregional treatments. If the size of the still
active tumor(s) was reduced to within the Milan criteria,
the patients could be enlisted for LT, provided that AFP
was less than 400 ng/ml. Subsequently, the Milan cri-
teria had to be met until LT, but in this specific case,
only those nodules with signs of activity according to
the imaging techniques were considered. Also, in these
instances, AFP should not exceed 400 ng/ml at the time
during which the patients were active on the list.

Bologna Transplantation Center Allocation
Policy

During the UNOS-CTP era (March 1, 2001 to February
28, 2003), patients were placed on the list in the order
of the UNOS status and, in each status, in the order of
the CTP score. This allocation strategy differed from the
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U.S. pre-MELD policy, as the CTP score was the
tiebreaker within each UNOS status in Bologna. The
waiting time discriminated patients with the same CTP
score. Patients with HCC were listed as UNOS status
2B.

In the HCC-MELD era (March 1, 2003 to February 28,
2004), patients were listed in order of the MELD score.
Patients with HCC received an extra score based on the
HCC stage (stage score), plus 1 additional point for
every month on the list (waiting time score), to be added
to their native MELD score, as reported in Table 1.

Upon the implementation of the new allocation pol-
icy, patients with HCC already on the list received all
the additional points due, because they were active on
the list with a diagnosis of HCC.

Statistical Analysis

We first investigated the outcome of the patients en-
listed in the 2 eras (enlisted patients’ analysis). The
follow-up was censored at the end of the study period to
which the patient belonged to avoid the confounding
factor that all the patients on the list on March 1, 2003
abruptly changed their priority after that date. More-
over, after February 28, 2004, the allocation policy was
slightly modified.

We considered death and removal from the list (due to
tumor growth or clinical deterioration, making trans-
plantation no longer feasible) as 1 single combined end-
point (called dropout in the study) because both repre-
sent a failure of the allocation policy.

The probability of the various outcomes for patients
enlisted in each respective era was analyzed by Kaplan-
Meier survival analysis and by competing risk analysis.
The latter analysis better takes into account the prob-
ability of reaching 1 of different mutually exclusive out-
comes when these are more than 2 (e.g., undergoing
transplantation, dropping out, or remaining on the list,
because the reduction of an endpoint could make an-
other event relatively more frequent; the competing risk
analysis better considers the relative balance among
more than 2 events than other individual analyses).

The initial and final MELD scores of patients enlisted in
the HCC-MELD era were analyzed according to outcome
to establish whether the new priority policy for HCC was
associated with a significant clinical deterioration of the

patients without HCC who remained on the list and
whether the native MELD score was associated with dif-
ferent outcomes in patients with HCC. A multivariate re-
gression logistic analysis was performed to identify possi-
ble predictors of MELD progression (initial to final) during
the waiting time. The analysis was carried out also to
search for independent predictors of dropout.

We then considered LTs performed in the 2 study
periods, independently of the recipient’s date of enlist-
ment, to assess the rate of grafts assigned to patients
with HCC in comparison to patients without HCC be-
fore and after the introduction of the MELD score (graft
allocation analysis).

An analysis of variance for quantitative variable dis-
tribution and a chi-square test for qualitative variables
were used in the comparison of the groups. Probability
curves for LT and dropout were calculated according to
the Kaplan-Meier method. The study protocol was ap-
proved by the local institutional review board. SPSS
version 10.0 for PC (SPSS Inc., Chicago, IL) and
STATA/SE 9.0 (Stata Corp., College Station, TX) were
used for the calculations.

RESULTS

Enlisted Patients’ Analysis

Three hundred one patients were enlisted during the
3-year study period. A total of 163 patients (on average
6.8 patients per month) were enlisted during the UNOS-
CTP era; 138 (11.5 patients per month) were enlisted in
the HCC-MELD era. There were 47 patients with HCC
(28.8% of the total) in the UNOS-CTP era and 41
(29.7%) in the HCC-MELD era (P � NS). The general
characteristics of the patients with and without HCC
are reported in Table 2. The overall mean CTP score �
SD in all enlisted patients was 9.6 � 1.9 (the median
and range were 10 and 5-14, respectively). The HCC
stage is shown in Table 3.

During the HCC-MELD era, the mean native MELD
score at enlistment was similar in the patients with and
without HCC, but the adjusted MELD score for the
patients with HCC exceeded the native score of patients
without HCC (Table 2). The average liver function in
patients with HCC, assessed by the CTP score, was

TABLE 1. New Allocation Policy of the Bologna Transplantation Center

Patients without HCC Native MELD score � 9.6 � loge(creatinine, mg/dl) � 3.8 � loge(total
bilirubin, mg/dl) � 11.2 � loge(INR) � 6.4

Patients with HCC Adjusted MELD score � native MELD score � stage score � waiting
time score

Stage score:
Single nodule �3 cm � 5

Single nodule �3 cm or multifocal tumor (within the Milan criteria) � 8
Downstaging protocol � 12

Waiting time score: 1.0 � (waiting time, months)

Abbreviation: INR, international normalized ratio.
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significantly impaired already at the time of listing, jus-
tifying LT per se in many instances.

The treatment of HCC with any modality (transarte-
rial chemoembolization, percutaneous alcohol injec-
tion, thermal ablation, or a combined treatment) was
attempted in 27 patients (57.5%) in the UNOS-CTP era
and in 29 patients (70.7%) in the HCC-MELD era (P �
NS). Individual allocation to treatment was decided as
follows: the aim of radicality and the technical feasibil-
ity of the various techniques were taken into account,
but concurrently, the need of avoiding significant
risks of dropping out from the list, either for progres-
sion of liver failure or tumoral needle-track seeding,
in the case of percutaneous ablation, was also taken
into account. Most cases, particularly all complex
situations, were discussed together by the surgical
and medical liver teams of the hospital during the
weekly meeting to provide the best treatment to any
patient.

Outcome of Patients Enlisted Under the 2
Allocation Policies.

In the UNOS-CTP era, 7 patients with HCC and 19
patients without HCC dropped out (14.9% and 16.4%,
respectively, P � NS). Six patients with HCC were ex-
cluded because of tumor progression (12.8%), and 1

was excluded because of clinical deterioration in the
absence of tumor progression (2.1%). The Kaplan-Meier
analysis showed cumulative dropout risks at 3 and 6
months of 10.8% and 20.4%, respectively, for the HCC
group versus 9.5% and 13.6%, respectively, for the
non-HCC group (P � NS, Fig. 1).

During the HCC-MELD era, 7 patients with HCC and
14 patients without HCC dropped out (17.1% and
14.1%, respectively, P � NS). Only 1 patient with HCC
dropped out because of HCC progression (2.4%); the
others dropped out because of clinical deterioration (1
patient, 2.4%) or death related to liver failure (5 pa-
tients, 12.2%) without HCC progression beyond the Mi-
lan criteria (in 1 case, progression from the T1 stage to
the T2 stage was observed before dropout). The cumu-
lative dropout risks at 3 and 6 months were 17.6% and
17.6% for the HCC group versus 15.7% and 22.3% for
the non-HCC group (P � NS, Fig. 1). The cumulative
dropout risk recorded in the HCC-MELD era was not
significantly different from that of the UNOS-CTP era for
both the HCC group and the non-HCC group (P � NS in
both groups).

In the UNOS-CTP era, 22 patients with HCC (46.8%)
and 66 patients without HCC (56.9%, P � NS) received
LT before the end of the study period. The cumulative
probability of LT at 3 and 6 months was 24.8% and
44.6%, respectively, versus 23.5% and 45.6%, respec-

TABLE 2. Baseline Characteristics of the Enlisted Patients

Patients with HCC Patients without HCC P

Enlisted patients 88 (29.2%) 213 (70.8%) NS
UNOS-CTP era 47 (28.8%) 116 (71.2%)
HCC-MELD era 41 (29.7%) 97 (70.3%)

Age (mean � SD) 55.6 � 7.0 51.7 � 9.4 0.001
Sex 0.001

Male 76 (86.2%) 144 (67.6%)
Female 12 (13.8%) 69 (32.4%)

Liver disease etiology 0.005
Viral hepatitis 74 (84.1%) 137 (64.3%)
Alcohol 8 (9.1%) 37 (17.4%)
Cholestatic diseases 0 (0.0%) 8 (3.6%)
Other 6 (6.8%) 31 (14.6%)

Blood group NS
O 39 (44.3%) 92 (43.2%)
A 34 (38.6%) 79 (37.1%)
AB 3 (3.4%) 6 (2.8%)
B 12 (13.6) 36 (16.9%)

CTP class at enlistment
A (score 5-6) 5 (5.7%) — �0.05
B (score 7-9) 47 (53.4%) 96 (45.1%)
C (score 10-15) 36 (40.9%) 117 (54.9%)

Mean CTP score � SD 9.1 � 1.9 9.8 � 1.9 �0.001
Median (range) 9 (5-13) 10 (7-14) �0.001
Native MELD score at enlistment (mean � SD,

only HCC-MELD era) 15.3 � 4.5 16.7 � 5.4 NS
Adjusted MELD score at enlistment (mean �

SD, only HCC-MELD era) 22.3 � 4.7 16.7 � 5.4 �0.001

The HCC patients were patients for whom a diagnosis of hepatocellular carcinoma was made before transplantation; patients
without HCC were patients enlisted for chronic liver disease not complicated by HCC.
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tively (the median estimated time to LT was 194 versus
184 days, P � NS, Fig. 2).

During the HCC-MELD era, 22 patients with HCC
(53.7%) and 26 patients without HCC (26.8%, P �
0.003) received LT before the end of the study period.
The cumulative probability of LT at 3 and 6 months was
37.7% and 70.3%, respectively, in patients with HCC
versus 23.2% and 39.0%, respectively, in patients with-
out HCC patients (the median estimated time to LT was
115 versus 249 days, P � 0.005, Fig. 2). The HCC
patients’ cumulative probability of LT was higher in the
HCC-MELD era than in the UNOS-CTP era (P � 0.02),
whereas patients without HCC cumulative probabil-
ity of LT was not significantly different in the 2 eras
(P � NS).

Also, the competing risk analysis, which better takes
into account that a progressively reduced number of

patients is to be considered when patients reach an
endpoint and are censored, did not show significant
differences in the rates of dropout between the 2 eras,
considering either all patients or only those with an
HCC (Fig. 3). An increased rate of transplantation
was instead documented in the MELD-HCC era in
comparison with the UNOS-CTP era (P � 0.027) in
patients with HCC, but not in patients without HCC
(P � NS)

At the end of the UNOS-CTP era, 18 patients with
HCC (38.3%) and 31 patients without HCC (26.7%)
were still waiting for LT (P � NS). At the end of the
HCC-MELD era, there were 12 patients still waiting for
LT in the HCC group (29.3%) and 57 in the non-HCC
group (58.8%, P � 0.001). Similar results were found by
the competing risk analysis.

Figure 1. Kaplan-Meier curves comparing the cumulative
dropout risk of patients with and without HCC under the 2
allocation policies. No differences were observed in the 2
study periods. The dropout for all causes (either tumor pro-
gression or liver failure) is considered for patients with HCC.

Figure 2. Kaplan-Meier curves comparing the cumulative
transplantation probability of patients with and without HCC
under the 2 allocation policies. After the introduction of the
new allocation policy, the probability of transplantation was
significantly higher for patients with HCC than for those with-
out HCC.

TABLE 3. HCC Staging at Enlistment and at the End of the Follow-Up

Stage UNOS-CTP era HCC-MELD era

Single nodule, �3 cm 26 patients (55.3%) 15 patients (36.6%)
Stable disease at the end of follow-up 21 13
Progression (within the Milan criteria) 3 0
Progression beyond the Milan criteria
(enrolled in the downstaging protocol)

0 0

Progression beyond the Milan criteria
(removed from the list)

2 0

Single nodule, 3-5 cm, or 2-3 nodules,
�3 cm

21 patients (44.7%) 22 patients (53.7%)

Stable disease at the end of follow-up 16 19
Progression beyond the Milan criteria 1 2
(enrolled in the downstaging protocol)
Progression beyond the Milan criteria
(removed from the list)

4 1

Downstaging protocol 0 patients (0.0%) 4 patients (9.8%)
Stable disease at the end of follow-up — 4
Progression (removed from the list) — 0

Only removal from the list due to neoplastic progression is considered in this table. Until the implementation of the
downstaging protocol, shortly before the end of the UNOS-CTP era, patients progressing beyond the Milan criteria were
definitively removed from the list. After the introduction of the protocol, patients progressing beyond the Milan criteria, but
within the downstaging criteria, were maintained on the list if a reduction of the active tumor within the Milan criteria was
achieved by the treatment. Progression beyond the downstaged Milan criteria led to definitive removal from the list.

NOVEL MELD SCORE ADJUSTMENT FOR HCC 861

LIVER TRANSPLANTATION.DOI 10.1002/lt. Published on behalf of the American Association for the Study of Liver Diseases



MELD Scores for Patients Who Underwent
Transplantation, Were Excluded, or Were Still
Waiting

In the non-HCC group, both the initial and final native
MELD scores were significantly higher for patients who
subsequently dropped out or underwent transplanta-
tion than in those who remained on the list (the mean
initial scores were 19.6, 18.7, and 15.1, respectively,
P � 0.001; the mean final scores were 22.1, 19.9, and
15.4, respectively, P � 0.001). In particular, patients
who remained on the list did not present a significant
increase in their final MELD score (the mean score was
15.1) in comparison with the initial value (the mean
score was 15.4, P � NS).

In the HCC group, the initial native MELD score was
marginally higher (without reaching significance) for
patients who were subsequently excluded (17.3 � 5.9)
or underwent transplantation (15.5 � 3.9) than for
those remaining on the list (12.8 � 4.0, P � NS). When
considering the initial HCC-adjusted MELD score, we
observed statistically higher values for patients who
later dropped out (25.3 � 5.9) than for those who un-
derwent transplantation (22.8 � 3.7) or remained on
the list (19.6 � 4.4, P � 0.02); this agreed with the
higher dropout risk assigned to these patients.

A higher final MELD scores was observed for patients
with HCC who dropped out in comparison with patients
who underwent transplantation or remained on the list.
The difference was significant when both the adjusted
MELD score (the means � SD were 34.0 � 10.9, 25.3 �
4.5, and 25.6 � 7.3, respectively, P � 0.02) and espe-
cially the native MELD score (23.1 � 10.1, 15.6 �4.9,
and 14.1 � 5.2, respectively, P � 0.009) were analyzed.
The change from the initial MELD score to the final
native MELD score was statistically significant (P �
0.01) only for patients who dropped out. This is consis-
tent with the fact that most of the dropouts were related
to liver failure.

An assessment was carried out to identify predictors
of a MELD increase, which is defined as a rise in the
MELD score over the median value of the increase re-
corded in the study population (minor increase, corre-
sponding to �0.6, rounded to �1.0) and over the third
interquartile (major increase, corresponding to �3.06
MELD points, rounded to �3.00). Among the tested
variables (shown in Table 4), nonalcoholic etiology and
male sex were significantly associated with minor
MELD increases in univariate analysis. Only nonalco-
holic etiology was associated with a major MELD in-
crease in univariate analysis. In logistic regression
analysis, both sex and etiology were confirmed to be
independent predictors of progressing �1.0 MELD
point during the waiting time. Male sex had a relative
risk of 2.06 [95% confidence interval (CI) � 1.20-3.55,
P � 0.01], and an etiology different from alcoholic had a
relative risk of 2.87 (95% CI � 1.29-6.37, P � 0.01).

The same analysis was carried out to identify vari-
ables associated with the risk of dropout. The analysis
was performed for the whole series of patients and sep-
arately for patients with HCC. The analyzed variables
are shown in Table 5. When all patients were consid-
ered, a significantly higher risk of dropout was present
for patients of blood group B and with a high initial
MELD score (categorized according to common clinical
management as below or �20 points). In multivariate
analysis, both variables remained significant indepen-
dent predictors of dropout (relative risk of dropout for
blood group B � 2.80, 95% CI � 1.34-5.82, P � 0.006;
relative risk for MELD � 20 at enlistment � 2.35, 95%
CI � 1.19-4.66, P � 0.014). In the HCC group, no
variable was significantly associated with a higher risk
of dropout in univariate analysis, although some trends
were apparent for HCC nodules �2 (in logistic regres-
sion, relative risk of dropping out � 3.18, 95% CI �
0.96-10.51, P � 0.057) and for the same variables sig-
nificant for the overall study population. Statistical sig-
nificance probably was not reached because of the
lower number of HCC patients.

Graft Allocation Analysis

During the 3-year study period, 173 viable grafts became
available at the Bologna Transplantation Center, exclud-
ing the grafts allocated to patients with acute hepatic
failure or who needed retransplantation. A total of 54

Figure 3. Competing risk analysis curves comparing the cu-
mulative probability of LT, dropout, and remaining on the list
for nonmalignant patients (upper graph) and patients with
HCC (lower graph) in the 2 study eras (the UNOS-CTP era, from
March 2001 to February 2003, and the HCC-MELD era, from
March 2003 to February 2004). No significant difference is
shown in the rates of LT and dropout, whereas an increase in
the rate of patients remaining on the list is apparent in the
HCC-MELD era for nonmalignant patients.
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grafts were allocated to patients with HCC (31.2%), and
119 were allocated to patients without HCC (68.8%).

During the UNOS-CTP era, 23 of the 110 available
grafts (20.9%) were assigned to patients with HCC, and
87 were assigned to patients without HCC (79.1%). In
contrast, during the HCC-MELD era, patients with and
without HCC received 31 (49.2%) and 32 (50.8%) of the
63 grafts, respectively, with a significant difference in
the graft distribution (P � 0.001).

To better understand the dynamics of the increased
graft allocation to patients with HCC, we further split
the HCC-MELD era into 2 semesters (first semester
from March 1, 2003 to August 31, 2003 and second
semester from September 1, 2003 to February 28,
2004). In the first semester, 36 grafts became available,
23 of which were assigned to patients with HCC
(63.9%); 9 of the patients with HCC who underwent
transplantation were enlisted in the UNOS-CTP period
(39.1% of the patients with HCC underwent transplan-
tation in the first HCC-MELD semester). In the second
semester, only 8 grafts of 27 (29.6%) were assigned to
patients with HCC, with a significant reduction in com-
parison with the first semester (P � 0.007).

DISCUSSION

The definition of allocation rules for patients with HCC,
under the MELD-based allocation policy, is still a diffi-
cult issue in continuous evolution.8,17-20 The UNOS
priority policy for patients with HCC is based on the
replacement of the native MELD score, assessing the

risk of death due to liver failure by an estimation of the
risk of tumoral progression.

In developing its new priority policy, the Bologna
Transplantation Committee assumed that such a fixed
score would not take sufficiently into account the role of
the underlying liver disease in patients with HCC. In-
deed, patients with cirrhosis who have HCC are both at
risk of tumor progression beyond transplantation crite-
ria and at risk of dying due to liver failure. Moreover, it
should first be considered that effective HCC treat-
ments (e.g., percutaneous ablation or transarterial che-
moembolization) during the waiting time are thought to
decrease the risk of tumor progression,18,21-24 but they
are rarely feasible in patients with impaired liver func-
tion. On the other hand, transarterial chemoemboliza-
tion, the most common treatment in these patients,
may lead to liver decompensation, increasing the risk of
liver-related death. Second, in patients with cirrhosis
undergoing surveillance programs, the risk of develop-
ing HCC is higher in patients with more advanced CTP
scores.25,26 A similar finding has not been reported in
patients already with a diagnosis of HCC, but it might
be hypothesized that patients with HCC with a more
advanced chronic liver disease are more predisposed to
develop further nodules. Third, the tumor stage being
equal, patients with a higher native MELD score are at
higher risk of death, independently of HCC.

Consequently, the Bologna Transplantation Commit-
tee decided to add an HCC-specific adjunctive score to
the native MELD instead of replacing it, with the aim of

TABLE 4. Rate of Patients for Each Variable Undergoing Increases in the Native MELD Score �1 and �3 (from

Enlistment to Censorization)

�1-point increase

in the MELD

score P

�3-point increase

in the MELD

score P

Total patients 42.9% 26.2%
Sex total 0.02 NS

Male 47.0% 27.4%
Female 31.7% 23.2%

Age NS NS
�60 43.7% 26.2%
�60 40.3% 26.4%

Blood group NS NS
O 49.6.% 28.2%
A 38.9% 23.0%
AB 33.3% 33.3%
B 35.4% 27.1%

Indication to LT
HCC 46.6% 25.0%
Viral hepatitis 48.3% 33.6%
Alcohol 24.3% NS 5.4% 0.03
Cholestatic diseases 37.5% 37.5%
Other 32.3% 19.4%

Grouped indications to LT 0.02 0.001
Alcoholic cirrhosis 24.3% 5.4%
Other 45.5% 29.2%

The 2 cutoffs are rounded to integer values corresponding to approximately median and interquartile values (75%).

NOVEL MELD SCORE ADJUSTMENT FOR HCC 863

LIVER TRANSPLANTATION.DOI 10.1002/lt. Published on behalf of the American Association for the Study of Liver Diseases



considering both the HCC-related and cirrhosis-related
risks of death (Table 1). The actual additional priority
was based on a purely arbitrary measure because no
previous experience with similar systems was available
at the time of implementation of the policy. As in the
United States, the extra priority was defined in accor-
dance with the HCC stage, reflecting the higher risk of
dropout with stage progression.6 A further adjunctive
score, increasing with the waiting time, was assigned to
patients with HCC. In fact, when all candidates are
considered, the waiting time is reported not to affect
waiting list mortality,27 but when we consider selec-
tively patients with HCC, the waiting time correlates
with the dropout rate due to tumor progression.4,6,18

More recently, an attempt to quantify the individual
risk of removal from the waiting list for patients with
HCC in the UNOS system was carried out.28 Contribu-
tors to the risk of removal for patients with HCC were
the MELD score at listing, AFP level, and maximum
tumor size. Our results are in line with those of the U.S.
study:28 in our system, a native MELD score �20 was
confirmed to be independently associated with dropout.
Multiple HCCs, the tumor size, and the AFP serum level
showed a trend to higher dropout risk but did not reach
statistical significance, possibly because of the small
size of the HCC group.

One of the most interesting data emerging from our
study regards the role of hepatic dysfunction in deter-
mining the outcome of patients with HCC awaiting or-
thotopic liver transplantation. Patients with HCC who
dropped out had both native and adjusted MELD scores
higher than those of patients who underwent trans-
plantation or were still on the list, and they experi-
mented a significant increase in their native MELD
score during the waiting time. Such a finding could also
derive from the fact that many patients showed a rele-
vant liver failure (CTP class C) at the time of listing.
Indeed, these patients are at a higher risk of dropping
out from the list because they are exposed, while wait-
ing, both to the risk of undergoing an increase in tumor
size beyond transplantation limits and to the risk of a
progressive liver failure, especially in cases submitted
to local HCC treatment, given the critical and frail liver
function.

These data support our initial assumption that he-
patic dysfunction affects the outcome of patients with
HCC and therefore should be considered in assessing
their risk of exclusion from the waiting list. Under our
new allocation policy, patients with both HCC and rel-
evant hepatic failure underwent transplantation,
mainly because of their high native MELD score.
Whether the fair results obtained with the present allo-

TABLE 5. Rate of Patients for Each Variable Dropping Out from the List During the Waiting Time (for Tumor

Progression or Death or Too Sick)

Overall (n � 301) P

HCC Patients Only

(n � 88) P

Sex total NS 0.09
Male 14.6% 18.7%
Female 18.3% 0.0%

Age NS NS
�60 16.7% 14.3%
�60 15.3% 16.7%

Blood group 0.05 NS
O 12.2.% 15.4%
A 14.2% 14.7%
AB 11.1% 0.0%
B 29.2% 25.0%

Blood group 0.01 NS
B 29.2% 25.0%
Other 13.0% 14.5%

Native MELD at enlistment 0.02 NS
MELD � 20 12.8% 15.4%
MELD � 20 25.5% 25.0%

Number of tumors 0.074
Single 9.9%
�2 25.7%

Maximum size of HCC NS
�3 cm 13.0%
�3 cm 29.4%

AFP (available n � 77) NS
�30 ng/ml (n � 47) 13.3%
�30 ng/ml (n � 30) 17.0%

AFP (available n � 77) NS
�100 ng/ml (n � 65) 13.8%
�100 ng/ml (n � 12) 25.0%
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cation system would remain valid also in series of
transplant candidates in which HCCs had arisen most
commonly in well-functioning livers (CTP class A) re-
mains to be demonstrated.

The quantification of the priority remains a critical
issue. In our system, the amount of additional priority
assigned to patients with HCC was, as said, arbitrarily
chosen. Indeed, an allocation policy would be more
acceptable if evidence-based, as proposed in the recent
study by Freeman et al.28 Nevertheless, in our opinion,
the priority points for patients with HCC should be
tailored for each transplantation center, taking into ac-
count the length of the waiting list and the severity of
the listed patients (and thus may even change over the
years). The aim of prioritizing HCC is to offer timely LT
to these high-risk patients: if the average MELD score at
transplantation becomes higher, the actual adjunctive
score would not be enough to warrant LT before tumor
progression. On the contrary, in a hypothetical center
in which the patients undergo transplantation with a
lower MELD score, a lower priority score would be ad-
equate.

The issue may be even more complex in the case of a
very long waiting list due to a persistent shortage of
grafts: it may happen that, in the long term, only pa-
tients with HCC would reach the top of the list because
of the progressive monthly accumulation of MELD
points. In this case, patients without HCC would have a
chance of undergoing transplantation only if they were
very sick (MELD � 30).

Bearing in mind these problems, we analyzed the
dynamic changes in our waiting list after the new allo-
cation system implementation. In particular, we com-
pared the outcome of patients without HCC with the
outcome of patients with HCC to assess if a MELD
adjustment so favorable to the latter ones would be
detrimental to patients without HCC.

No significant decrease in the dropout rate was ob-
served in the HCC-MELD era in either patients with or
without HCC. However, it should be considered that,
even in the pre-MELD era, the Bologna Transplantation
Center ranked LT candidates according to an index of
disease severity, namely the CTP score, and used it to
match marginal donors and recipients without severe
liver dysfunction (mainly patients with HCC), thus ob-
taining a relatively low HCC waiting time.29

The major effect of the new policy was a marked
increase in the transplantation rate of HCC patients.
The probability of LT at 6 months for patients with HCC
rose from 44.6% to 70.3%, being significantly higher
than that of patients without HCC in that same period
(39.0%). Of the available grafts, 49.2% were allocated to
patients with HCC. This situation might appear unac-
ceptable at first glance, although similar to what hap-
pened in some U.S. centers, where 48% of liver grafts
were allocated to patients with HCC after implementa-
tion of the MELD system.30 However, some consider-
ations have to be made.

First, patients with HCC enlisted during the UNOS-
CTP era and still waiting for LT when the MELD score
was implemented promptly gained the top of the list in

the HCC-MELD era because of their long waiting time.
Once nearly all these patients with HCC had undergone
transplantation, a significant reduction in graft assign-
ment to HCC patients was recorded, as became appar-
ent in the second HCC-MELD semester (from 63.9% to
29.6%). It is noteworthy that the rate of graft assign-
ment to patients with HCC in the second MELD semes-
ter was almost equal to the rate of patients with HCC
enlisted under the MELD-based allocation policy
(29.7% of all enlisted patients), suggesting that a steady
state had been reached.

Furthermore, the increase in the HCC transplanta-
tion rate was not associated with a significant worsen-
ing in the outcome of patients without HCC. Their drop-
out risk was comparable to that of patients with HCC in
both study periods. The accelerated access to LT of
patients with HCC produced instead an increased pro-
portion of patients without HCC still waiting for LT at
the end of the study period (58.8% versus 26.7% in the
UNOS-CTP era). However, the still-on-list patients with-
out HCC did not present a significant increase in their
final MELD score in comparison with the enlistment
value. As the increase in the MELD score during fol-
low-up is reported to be an independent risk factor for
death,31 it would appear that patients without HCC
that remained on the list were the most stable ones,
those who did not present such a clinical deterioration
as to drive them to the top of the list or to exclude them
from LT. Predictors of not increasing the MELD score
were found to be female sex and alcoholic etiology. Al-
though no definite interpretation for sex is available,
the effect of alcoholic etiology could be explained by the
possibility of removing the liver injury with abstinence.

On the basis of these results, in March 2004, the Bolo-
gna Transplantation Committee confirmed the validity of
summing an adjunctive score for HCC to the native MELD
score but considered excessive the increased rate of still-
on-list patients without HCC and the higher probability of
overall and short-term transplantation for patients with
HCC. Consequently, the committee reduced the adjunc-
tive score to 3 points for a single tumor �3 cm (plus 0.5
point every month on the list) and 6 points (plus 1 point
per month) for patients with larger or multiple tumors or
in the downstaging protocol. As in the United States, no
adjunctive score has been provided to patients with stage
T1 HCC since 2005.

In conclusion, the new Bologna allocation system ap-
pears feasible and valid, as it prioritizes patients with
HCC without severely affecting the outcome of other
patients. Because it takes into account the severity of
the underlying liver dysfunction in patients with HCC,
this priority policy offers the advantage of discriminat-
ing among patients with HCC with different risk profiles
(preponderance of liver-related or tumor-related risk).
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dia Sama, Mariarosa Tamè, Gabriella Verucchi, and
Marco Vivarelli.

REFERENCES

1. Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A,
Bozzetti F, et al. Liver transplantation for the treatment of
small hepatocellular carcinoma in patients with cirrhosis.
N Engl J Med 1996;334:693-699.

2. Bismuth H, Majno PE, Adam R. Liver transplantation for
hepatocellular carcinoma. Semin Liver Dis 1999;19:311-
322.

3. Ravaioli M, Ercolani G, Cescon M, Vetrone G, Voci C,
Grigioni WF, et al. Liver transplantation for hepatocellular
carcinoma: further considerations on selection criteria.
Liver Transpl 2004;10:1195-1202.

4. Llovet JM, Fuster J, Bruix J. Intention-to-treat analysis of
surgical treatment for early hepatocellular carcinoma: re-
section versus transplantation. Hepatology 1999;30:
1434-1440.

5. Shetty K, Timmins K, Brensinger C, Furth EE, Rattan S,
Sun W, et al. Transplantation for hepatocellular carci-
noma validation of present selection criteria in predicting
outcome. Liver Transpl 2004;10:911-918.

6. Yao FY, Bass NM, Nikolai B, Davern TJ, Kerlan R, Wu V, et
al. Liver transplantation for hepatocellular carcinoma:
analysis of survival according to the intention-to-treat
principle and drop out from the waiting list. Liver Transpl
2002;8:873-883.

7. Organ procurement and transplantation network—HRSA.
Final rule with comment period. Federal Register 1998;63:
16296-16338.

8. Wiesner RH, McDiarmid S, Kamath PS, Edwards E, Ma-
linchoc M, Kremers W, et al. MELD and PELD: application
of survival models to liver allocation. Liver Transpl 2001;
7:567-580.

9. Wiesner R, Edwards E, Freeman R, Harper A, Kim R,
Kamath P, et al. Model for end-stage liver disease (MELD)
and allocation of donor livers. Gastroenterology 2003;124:
91-96.

10. Kamath PS, Wiesner RH, Malinchoc M, Kremers W, Ther-
neau TM, Kosberg CL, et al. A model to predict survival in
patients with end-stage liver disease. Hepatology 2001;33:
464-470.

11. Keeffe EB. Summary of guidelines on organ allocation and
patient listing for liver transplantation. Liver Transpl Surg
1998;4(suppl 1):S108–S114.

12. Sharma P, Balan V, Hernandez JL, Harper AM, Edwards
EB, Rodriguez-Luna H, et al. Liver transplantation for
hepatocellular carcinoma: the MELD impact. Liver
Transpl 2004;10:36-41.

13. Freeman RB, Wiesner RH, Edwards E, Harper A, Merion
R, Wolfe R, et al. Results of the first year of the new liver
allocation plan. Liver Transpl 2004;10:7-15.

14. Cheng SJ, Freeman RB, Wong JB. Predicting the proba-
bility of progression-free survival in patients with small
hepatocellular carcinoma. Liver Transpl 2002;8:323-328.

15. Bruix J, Sherman M, Llovet JM, Beaugrand M, Lencioni R,
Burroughs AK, et al. Clinical management of hepatocellu-
lar carcinoma. Conclusions of the Barcelona-2000 EASL
Conference. European Association for the Study of the
Liver. J Hepatol 2001;35:421-430.

16. Gaiani S, Celli N, Piscaglia F, Cecilioni L, Losinno F, Gi-

angregorio F, et al. Usefulness of contrast-enhanced per-
fusional sonography in the assessment of hepatocellular
carcinoma hypervascular at spiral computed tomography.
J Hepatol 2004;41:421-426.

17. Wiesner RH, Freeman RB, Mulligan DC. Liver transplan-
tation for hepatocellular cancer: the impact of the MELD
allocation policy. Gastroenterology 2004;127(suppl 1, pt
5):S261–S267.

18. Yao FY, Bass NM, Nikolai B, Merriman R, Davern TJ,
Kerlan R, et al. A follow-up analysis of the pattern and
predictors of drop out from the waiting list for liver trans-
plantation in patients with hepatocellular carcinoma: im-
plications for the current organ allocation policy. Liver
Transpl 2003;9:684-692.

19. Olthoff KM, Brown RS, Delmonico FL, Freeman RB, Mc-
Diarmid SV, Merion RM, et al. Summary report of a na-
tional conference: evolving concepts in liver allocation in
the MELD and PELD era. December 8, 2003, Washington,
DC, USA. Liver Transpl 2004;10(suppl 2):A6–A22.

20. Freeman RB, Wiesner RH, Harper A, McDiarmid SV, Lake
J, Edwards E, et al. The new liver allocation system: mov-
ing toward evidence-based transplantation policy. Liver
Transpl 2002;8:851-858.

21. Llovet JM, Mas X, Aponte JJ, Fuster J, Navasa M, Chris-
tensen E, et al. Cost effectiveness of adjuvant therapy for
hepatocellular carcinoma during the waiting list for liver
transplantation. Gut 2002;50:123-128.

22. Hayashi PH, Ludkowski M, Forman LM, Osgood M, John-
son S, Kugelmas M, et al. Hepatic artery chemoemboliza-
tion for hepatocellular carcinoma in patients listed for
liver transplantation. Am J Transplant 2004;4:782-787.

23. Graziadei IW, Sandmueller H, Waldenberger P, Koenig-
srainer A, Nachbaur K, Jaschke W, et al. Chemoemboli-
zation followed by liver transplantation for hepatocellular
carcinoma impedes tumor progression while on the wait-
inglistandleadstoexcellentoutcome.LiverTranspl2003;9:
557-563.

24. Bolondi L, Piscaglia F, Camaggi V, Grazi GL, Cavallari A.
Review article: liver transplantation for HCC. Treatment
options on the waiting list. Aliment Pharmacol Ther 2003;
17(suppl 2):145-150.

25. Bolondi L, Sofia S, Siringo S, Gaiani S, Casali A, Zironi G,
et al. Surveillance programme of cirrhotic patients for
early diagnosis and treatment of hepatocellular carcino-
ma: a cost effectiveness analysis. Gut 2001;48:251-259.

26. Fattovich G, Stroffolini T, Zagni I, Donato F. Hepatocellu-
lar carcinoma in cirrhosis: incidence and risk factors.
Gastroenterology 2004;127(suppl 1, pt 5):S35–S50.

27. Freeman RB, Edwards EB. Liver transplant waiting time
does not correlate with waiting list mortality: implications
for liver allocation policy. Liver Transpl 2000;6:543-552.

28. Freeman RB, Edwards EB, Harper AM. Waiting list re-
moval rates among patients with chronic and malignant
liver disease. Am J Transpl 2006; 6:1416-1421.

29. Ravaioli M, Grazi GL, Ercolani G, Cescon M, Del Gaudio
M, Zanello M, et al. Liver allocation for hepatocellular
carcinoma: a European Center Policy in the pre-MELD
era. Transplantation 2006;81:525-530.

30. Khettry U, Azabdaftari G, Simpson MA, Pomfret EA, Pom-
poselli JJ, Lewis WD, et al. Impact of model for end-stage
liver disease (MELD) scoring system on pathological find-
ings at and after liver transplantation. Liver Transpl 2006;
12:958-965

31. Merion RM, Wolfe RA, Dykstra DM, Leichtman AB,
Gillespie B, Held PJ. Longitudinal assessment of mortality
risk among candidates for liver transplantation. Liver
Transpl 2003;9:12-18.

866 PISCAGLIA ET AL.

LIVER TRANSPLANTATION.DOI 10.1002/lt. Published on behalf of the American Association for the Study of Liver Diseases


