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The liver organ allocation policy of the United Network
for Organ Sharing (UNOS) is based on the model for
end-stage liver disease (MELD). The policy provides ad-
ditional priority for candidates with hepatocellular car-
cinoma (HCC) who are awaiting deceased donor liver
transplantation (DDLT). However, this priority was re-
duced on February 27, 2003 to a MELD of 20 for stage
T1 and of 24 for stage T2 HCC. The aim of this study
was to determine the impact of reduced priority on
HCC candidate survival while on the waiting list. The
UNOS database was reviewed for all HCC candidates
listed after February 27, 2002, The HCC candidates
were grouped into two time periods: MELD 1 (listed
between February 27, 2002, and February 26, 2003) and
MELD 2 (listed between February 27, 2003 and Febru-
ary 26, 2004). For the two time periods, the national
DDLT incidence rates for HCC patients were 1.44 ver-
sus 1.53 DDLT per person-year (p = NS) and the waiting
times were similar for the two periods (138.0 + 196.8
vs. 129.0 + 133.8 days; p = NS). Furthermore, the 3-, 6-
and 12-month candidate, patient survival and dropout
rates were also similar nationally. Regional differences
in rates of DDLT for HCC were observed during both
MELD periods. Consequently, the reduced MELD score
for stage T1 and T2 HCC candidates awaiting DDLT has
not had an impact nationally either on their survival
on the waiting list or on their ability to obtain a liver
transplant within a reasonable time frame. However,

regional variations point to the need for reform in how
organs are allocated for HCC at the regional level.
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Introduction

Liver transplantation (LT) remains the only curative option
for majority of patients of early stage hepatocellular car-
cinoma (HCC) and offers the best chance for cure and
long-term survival (1,2). The candidates at risk for HCC in-
clude those with cirrhosis associated with hepatitis B and
C, and certain metabolic disorders like hemochromatosis
and alpha-1-antitrypsin deficiency. Most HCC develop in cir-
rhotic livers, where surgical resection is not a viable option
because the functional hepatic synthetic reserve is not suf-
ficient to tolerate the removal of hepatic parenchyma (3).

The conventional Milan's criteria that predict low risk for
HCC recurrence after LT came from a prospective study
by Mazzaferro et al. from Milan, Italy (1). Several other re-
ports have supported the finding that LT for early stage
HCC achieves excellent long-term survival rates that are
equal to or superior to those for patients with nonmalig-
nant indications (1,2).

The new liver allocation policy, based on model for end-
stage liver diseases (MELD), assigns priority to waiting
candidates on the basis of their risk of death within
3 months (4). The original MELD-based allocation plan
estimated a 15% risk (MELD score 24) and a 30% risk
(MELD score 29) of disease progression beyond stage T1
and T2, respectively, in accordance with the classification
adapted by United Network for Organ sharing (UNOS) from
American-modified Tumor-Node-Metastasis Staging Clas-
sification (5). UNOS defines stage T1 as 1 nodule of 1.9
cm or less and stage T2 as 1 nodule of 2-5 cm or as 2 or
3 nodules all larger than 3 cm (5).

In a previous report by our group that examined the UNOS
database for the impact of this new allocation policy on
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HCC candidates, we found that significantly higher propor-
tions of candidates listed with a diagnosis of HCC were
receiving deceased donor liver transplantation (DDLT) (6).
Both the dropout rate and death in the absence of trans-
plantation were significantly lower in HCC patients.

The allocation policy was therefore amended and imple-
mented on February 27, 2003. For stage T1 HCC, the
MELD score was reduced from 24 to 20, and for stage
T2, the MELD score was reduced from 29 to 24. The
MELD scores of 24 and 20 correspond respectively to a
15% and 8% risk of becoming ineligible for transplantation
and dropping off the list because of disease progression in
a 3-month period (5). The aim of this study was to assess
the impact on HCC patients of the reduction in priority of
MELD scores.

Methods

Data from the UNOS database for LT were collected for all adult HCC candi-
dates who had registered with UNOS as a LT candidate or recipient or who
had an exceptional case request and listed after February 27, 2002 corre-
sponding to the implementation of the new MELD allocation plan. Patients
were grouped by two time periods. MELD 1 referred to the candidates
listed between February 27, 2002 and February 26, 2003, corresponding to
the time period when MELD scores of 24 and 29 were assigned for stage
T1, and T2 HCC, respectively. MELD 2 referred to the candidates listed for
HCC between February 27, 2003 and February 26, 2004. This time frame
corresponded with the period when MELD scores were reduced to 20 from
24 for stage T1 and from 29 to 24 for stage T2 HCC. The organ procure-
ment transplant network captures waiting list additions, modifications and
removal from the member transplant centers in real time through UNets™,
an Internet-based data collection system. Demographic information and clin-
ical data on candidates and recipients are entered using online forms. The
following data were collected: age and gender at listing, date of listing, date
of DDLT, serum bilirubin, creatinine and international normalized ratio for
prothrombin time at listing and at LT. In addition, the following data were
also collected for the two time periods: candidate’s status on the list (in-
cluding those who remained on the waitlist in an inactive status due to
various reasons), dropoff from the waitlist due to death or too sick to be
transplanted, date and reason for removal from the list, survival on the list
and after DDLT.

DDLT incidence rates, waiting time, candidate survival while on the wait-
ing list, candidates removed from the waiting list (dropout rate) and patient
survival after DDLT were compared for both periods. The time spent by
the candidates on the waiting list was used to calculate the person-years in
both time periods. The DDLT incidence rates were obtained by dividing the
total number of transplant with person-years and then expressing them as
DDLT per person-year. Candidates who died or became too sick to undergo
transplantation were removed from the waiting list and included in the cal-
culation of the dropout rate. The inactive candidates that remained on the
waiting list in an inactive status were used to calculate the proportion of can-
didates in inactive status for the two time periods. The inactive candidates
were not included in the calculation of the dropout rate. Candidates with
living donor liver transplant were excluded from the analysis. MELD scores
were calculated as described previously (4,6). Patients whose disease pro-
gressed to stage T2 were included in stage T2 category. The time spent
classified as stage T1 was counted toward a calculation of the stage T1
person-years and the time spent as stage T2 was counted toward a calcula-
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tion of the stage T2 person-years. Some candidates were grandfathered in
with a MELD score of 24 or 29 in the MELD 2 period. For these candidates,
the time spent on the waiting list during MELD 1 and MELD 2 was counted
toward the calculation of the MELD 1 and MELD 2 person-years.

The results for continuous variables were expressed as mean + SEM, and
qualitative variables were expressed as proportions. As this was an intent-
to-treat analysis, all the patients were included for the outcomes analysis.
The continuous variables were analyzed using the Student's t-test and cat-
egorical variables were analyzed using the chi-square test. Kaplan-Meier
curves were generated for the candidate and patient survival rates. Candi-
dates were censored for transplantation for candidate survival on the list.
The incidence rates of the regions were compared with each other within
each MELD period. The Poisson test was used to compare the incidence
rates regionally. The chi-square analysis was used to analyze the propor-
tions of inactive patients in the two time periods. A p-value of less than
0.05 was considered statistically significant.

Results

United States national data

In the United States, the number of new LT candidates
listed for HCC in the UNOS database during the MELD
1 and MELD 2 periods was 1049 and 1093, respectively.
Table 1 summarizes the demographics of candidates, the
calculated MELD at the time of listing and at DDLT, the
dropout rates, and the proportions of candidates listed with
stage T1 or stage T2 lesions and the proportion of can-
didates who had transplants for T1 and T2. The waiting
time during MELD 1 and MELD 2 was 138.3 + 196.8 and
129.5 £+ 133.8 days (p = 0.29), respectively. The 12-month
candidate survival on the waiting list was 88% and 89%
(p = 0.44) during MELD 1 and 2, respectively.

Of 1049 HCC candidates, 828 (78.9%) underwent DDLT
during MELD 1; in MELD 2, 818 (74.8%) of 1093 HCC pa-
tients underwent DDLT. The total number of person-years
was 575.2 for MELD 1 and 532.6 for MELD 2. DDLT inci-
dence rates during MELD 1 and MELD 2 were 1.44 and
1.53 DDLT per person-year (p = 0.19). In MELD 2, a sig-
nificantly smaller proportion of HCC candidates with T2 le-
sions was listed and received transplants. There was no dif-
ference in 3-, 6- and 12-month patient survival after DDLT.
The proportion of candidates who remained on the waiting
list with an inactive status was similar in both time periods
(6.8% in MELD 1 and 7.5% in MELD 2; p = 0.5).

Regional data

The impact of the reduced priority for HCC was also as-
sessed in the 11 UNOS regions across the United States.
The DDLT incidence rates for HCC during MELD 1 were
highest in regions 3 and 10 compared with the rates for the
other regions (p < 0.001). Also during MELD 1, region 9
had a lower DDLT incidence rate for HCC compared with
that of the otherregions (p = 0.01). However, during MELD
2, regions 3, 6 and 10 had higher DDLT incidence rates for
HCC than did the other regions (p = 0.01). Figure 1 shows
the regional difference in DDLT incidence rates during the
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Table 1: Demographics, waiting time, actual MELD score and proportion of candidate listed and transplanted with T1 and
T2 lesions and 3-, 6- and 12-month dropout rates

Variables MELD 1 MELD 2 p-Value
Age at listing (N) at listing (year) 55.5 &+ 8.4 (1049) 56.0 £+ 8.0 (1093) 0.13
Age at listing (N) at DDLT (year) 55.1 &+ 8.2 (828) 55.7 +£ 8.1 (818) 0.1
Sex (% male) 75% (85/1049) 78% (850/1093) 0.1
Calculated MELD at listing 11.9+£ 5.2 (1048) 11.56+ 4.9 (1092) 0.07
Calculated MELD at DDLT 13.3 £5.9(828) 13.2+6.1(818) 0.70
Wait time (days) 138 + 197 (828) 130 + 134 (818) 0.29
T1 Stage 14.2% (149/1049) 11.8% (130/1093) 0.1
T2 Stage 77% (808/1049) 71.4% (781/1093) 0.003
Dropout (3 months) 3.7% (39/1049) 3.6% (40/1093) 0.94
Dropout (6 months) 5.1% (54/1049) 5.8% (63/1093) 0.53
Dropout (12 months) 6.9% (73/1049) 8.4% (92/1093) 0.21
3-Month survival on list 96% 94% 0.44
6-Month survival on list 93% 91% 0.44
12-Month survival on list 88% 89% 0.44
3-Month survival after LT 94% 90% 0.31
6-Month survival after LT 89% 84% 0.27
12-Month survival after LT 83% 84% 0.15
Results are expressed as mean =+ standard error of mean (SEM).
N = number of subjects in the parenthesis.
Table 2: Incidence Rate of DDLT and waiting time during MELD 1 and 2 in all 11 UNOS regions
Region MELD 1 MELD 2 p-Value
1 Waiting time (days) 132.3 +£227.9 2235+ 187 0.052
12-Month survival post-LT 92% 83% 0.33
12-Month dropout 11.7% (6/51) 12% (7/58) 0.96
2 Waiting time (days) 113.7 £ 1854 101.2 +£142.2 0.6
12-Month survival post-LT 82% 84% 0.78
12-Month dropout 8.7% (11/126) 6.8% (9/133) 0.55
3 Waiting time (days) 72.3 + 142 72.8 £ 131.3 0.98
12-Month survival post-LT 79% 90% 0.06
12-Month dropout 1.9% (2/106) 5.4% (6/110) 0.09
4 Waiting time (days) 160.4 + 257 117.5 +£ 123 0.18
12-Month survival post-LT 95% 86% 0.06
12-Month dropout 2.9% (3/102) 8.5% (8/94) 0.09
5 Waiting time (days) 201 +£218.2 213.4 £ 155.3 0.57
12-Month survival post-LT 90% 90% 0.52
12-Month dropout 8.5% (22/258) 11.9% (29/243) 0.21
6 Waiting time (days) 124.3 +£179.3 85.1+115.4 0.30
12-Month survival post-LT 79% 86% 0.52
12-Month dropout 3.2% (1/31) 2.6% (1/39) 0.87
7 Waiting time (days) 117.9 +£ 155.3 136.2 + 126.3 0.37
12-Month survival post-LT 87% 81% 0.27
12-Month dropout 1.9% (2/106) 2.6% (3/116) 0.73
8 Waiting time (days) 161.6 +£274.1 130.0 +£ 151.2 0.50
12-Month survival post-LT 91% 82% 0.25
12-Month dropout 1.9% (1/51) 7.5% (4/53) 0.18
9 Waiting time (days) 204.4 £ 2448 174.0 £ 1325 0.34
12-Month survival post-LT 77% 84% 0.42
12-Month dropout 14.3% (19/132) 12.7% (17/134) 0.68
10 Waiting time (days) 75 +160.6 61.9+91.6 0.63
12-Month survival post-LT 81% 88% 0.42
12-Month dropout 5% (2/40) 1.6% (1/61) 0.33
11 Waiting time (days) 171.3 £ 240.1 178.6 + 167.9 0.86
12-Month survival post-LT 93% 87% 0.69
12-Month dropout 9.4% (5/53) 11.1% (7/63) 0.77
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Figure 1: Comparison of incidence rate of DDLT during MELD
1 and 2 time periods in the 11 UNOS regions. *Significant dif-
ference between the two MELD periods (p < 0.05).
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Figure 2: Calculated MELD score during MELD 1 and 2 in
11 UNOS region. X-axis shows the region and Y-axis shows the
MELD score. The calculated MELD score for all HCC candidates
in the regions did not change with the change in the HCC priority
MELD.

MELD 1 and MELD 2 periods. Figure 2 demonstrates the
calculated MELD score for all HCC candidates. The MELD
score in the regions did not increase with the change in the
HCC priority MELD score. Therefore, the driving factor for
higher MELD scores in the regions has been the exception
score for HCC.

The candidates’ characteristics, their dropout rates and
candidate and graft survival rates were similar in all 11
regions. The waiting time, 12-month dropout rate and
12-month survival rate after DDLT are summarized in
Table 2.

The waiting time varied from region to region. The max-
imum wait was observed in region 5. The shortest wait
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was in regions 3 and 10. The 12-month dropout rate in ei-
ther MELD 1 or MELD 2 did not change except in region 4,
where there was a trend toward higher dropout in MELD
2 (8% vs. 9%; p = 0.09). In MELD 1, it was 2-5% in re-
gions 3, 4, 6, 7, 8 and 10, and it was 9-14% in regions 1,
2,5,9and 11. However, in MELD 2, it increased slightly or
stayed the same; this change was not statistically signifi-
cant. Twelve-month survival of patients after LT was similar
in both time periods for all regions.

Discussion

LT is a well-established indication for HCC. Candidates drop
off the transplant waiting list because of tumor progres-
sion that would make them ineligible for a transplant if
the organ is not received within a reasonable period. The
MELD-based allocation policy recognized these findings,
and HCC candidates were initially given a priority MELD
score of 24 for stage T1 HCC and 29 for stage T2 HCC.
However, after implementation of this policy, there was
concern that HCC candidates were perhaps given exces-
sive priority (6,7). According to national data, 21.7% of liver
transplant candidates with HCC received DDLT after imple-
mentation of the MELD-based liver allocation policy, com-
pared with 8.8% in the pre-MELD era (6,8). When Wiesner
et al. examined data from the first 6 months of implemen-
tation of the MELD-based allocation policy, they found that
27% of stage T1 HCC candidates and 45% of stage T2
candidates received DDLT within 30 days of listing; During
the MELD 1 period, more than 87% of HCC candidates
underwent DDLT within 90 days of being listed (9). How-
ever, if most stage T2 HCC candidates (87 %) received a
liver transplant during the first MELD era within 90 days of
being listed, then one might expect the waiting time to be
less than 90 days in most regions (9). In our analysis, the
national mean waiting time was 138 + 197 days in MELD
period 1 and 130 4 134 days in MELD period 2. This dis-
parity is probably due to the fact that we are presenting
1-year results.

Nevertheless there is still a need for prioritization for pa-
tients with stage T2 HCC disease. These patients have
60% chance of becoming ineligible for a transplant due
to disease progression or even dying within 1 year (10).
In contrast, patients with stage 1 disease have less than
10% risk of dying or of becoming ineligible for a transplant
within 1 year (10). Accordingly, in February 2003, points
allocated to stage T1 and stage T2 HCC were reduced
to 20 and 24, respectively, which correspond to an 8%
and 15% risk, respectively, of dropping off the list. Our
study validates this change, which has not affected the
T2 HCC patients adversely. We found that the DDLT inci-
dence rates and waiting times for HCC candidates were
similar in both the MELD time periods. Since the waiting
list constantly changes, the incidence rates were calcu-
lated to correct for changes in size of the waiting list during
different times. Nationally, the 12-month HCC candidate

American Journal of Transplantation 2006; 6: 1957-1962



survival rate, the 12-month dropout rate due to death or
deterioration of the candidate’s clinical condition and the
1-year patient survival rate after LT were similar in both
periods.

The similar number of patients receiving transplants in
MELD 1 and MELD 2 suggests that HCC patients get
enough points in both periods to have allocation weighted
greatly in their favor. Wiesner et al. reported a transplant
rate of 29.4% and 48.3% for patients with stage 1 and
stage 2 HCC (MELD, 24 and 29, respectively), compared
with rates of 16.7% (p < 0.01) and 27.3% (p < 0.01) in
candidates with chronic liver disease and a MELD score
of 24 or 29 in era 1 (10). A comparison of the DDLT inci-
dence rates for non-HCC patients with comparable calcu-
lated MELD scores on the list would be of interest. How-
ever, non-HCC candidates with a MELD score of 12-14
have a very low risk of dying while on the waiting list and
usually do not receive LT while at that MELD score. Re-
cently, Merion et al. reported that the posttransplantation
mortality risk was 3.64, 2.35 and 1.21 times higher than
the waitlist mortality risk for MELD scores of 6-11, 12—
14 and 15-17, respectively (11). Their study excluded HCC
candidates.

Fewer candidates with stage T2 lesions were listed and
received DDLT in the MELD 2 period compared with those
in MELD 1. This difference was observed across regions
and reflects the positive impact of decreasing the priority
of MELD scores for patients with HCC (5). However, there
was a trend toward decreased DDLT incidence rates for T1
HCC candidates in MELD 2, perhaps because of the small
sample size. The progression of lesions to stage 3 and be-
yond could not be assessed, because this information is
not reported to UNOS. In our opinion, however, such infor-
mation is crucial and should be reported. Having it available
would facilitate the study of the natural progression of tu-
mors using a larger database. Tumor recurrence rates were
not calculated because of the shorter follow-up period after
LT.

We could not obtain the explant data, however, a single-
center study found no evidence of HCC in explants from
33% of patients who had LT for HCC (12). In a review of
pathologic findings for 666 explants UNOS reported for
the first 8 months of the MELD system, 94 (14.1%) had
no evidence of HCC (10,13). In another study, pathologic
findings indicated that one-third of patients who met cri-
teria for stage T1 or stage T2 HCC on imaging studies
before LT had disease that had advanced beyond stage
2, when explant pathology was reviewed. Assessment of
the pathologic stage relative to the listing stage, which was
based on imaging studies, found that about one-third of
the patients were upstaged on the basis of explant pathol-
ogy. Another major finding was that 31% of patients un-
dergoing LT for stage T1 HCC lesions had been misdiag-
nosed during pre-LT assessment and actually had no ev-
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idence of tumor in the explanted liver (10). This finding
reinforces the fact that state-of-the-art imaging studies are
not very sensitive in diagnosing stage T1 lesions. In con-
trast, 91% of patients with stage T2 HCC had lesions iden-
tified by pathologic findings in the explanted liver (10). Our
study suggests that the reduction in prioritization of HCC
candidates for LT has not had a negative impact on their
survival. According to the national conference consensus
recommendation, the priority for stage T1 HCC was abol-
ished in April 2004. However, the priority for candidates
with stage 2 HCC has been maintained at 15% (equiva-
lent to a MELD score of 24) (14). In April 2005, this prior-
ity was further reduced to a MELD score of 22 for stage
T2 HCC.

Wide regional variations in DDLT for HCC are an impor-
tant issue. Although we found no significant differences
in waiting times, incidence rates, dropout rates and sur-
vival after LT in MELD 1 and 2 periods within each region,
there was wide interregional variation. A higher incidence
rate of DDLT for HCC was observed in region 3 and 10 in
both periods. The average MELD scores for patients un-
dergoing transplantation in regions 1, 5 and 9 are probably
higher than the priority MELD score for HCC in both peri-
ods, which may explain the lower DDLT incidence rate for
HCC candidates in these regions. The waiting time was
comparatively shorter in regions 3 and 10 than in regions
1,5and 9, probably because of the lower number of organs
available for DDLT. The 12-month dropout rate in MELD pe-
riods 1 and 2 did not change significantly exceptin region 4,
where there was a trend toward higher dropout in MELD 2.
Since the majority of regions do not share organs except for
those for status 1 candidates, even regional analysis most
likely results in averaging and loss of information. In fact, a
recent analysis of Scientific Registry of Transplant Recipi-
ent data revealed discrepancies in allocation from region to
region and from donation service area to donation service
area (15). These discrepancies could also be contributing
to the variations in the incidence rates and dropout rates
for HCC across regions.

Although the current liver allocation system for HCC is not
perfect, LT for HCC has improved significantly under the
MELD policy. Further enhancements to the process should
take into account the following observations: (1) the nat-
ural history of HCC has not been well studied in patients
with cirrhosis. Tumor burden and poorly differentiated his-
tology are some of the factors that predict disease pro-
gression. Yet, according to the UNOS liver allocation pol-
icy, histologic findings are not a criterion for diagnosis of
HCC before transplantation. (2) The priority for HCC can-
didates is still an evolving issue. In the past 3 years, pri-
ority scores for HCC candidates have been arbitrarily re-
duced 3 times. (3) There is considerable interregional vari-
ability in DDLT for HCC. On the basis of our findings, we
would suggest that much can be done to improve DDLT for
HCC.
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We recommend the following:

1

Available data indicate that the progression of stage T1-
T2 occurs slowly. Thus, itis appropriate to continue to list
candidates with stage T1 HCC at their calculated MELD
score.

Uniform guidelines should be developed for follow-up of
these patients on the waitlist, because the progression
from stage T2-stage T3/T 4 disease varies and depends
on the total tumor burden, the rapid doubling time (less
than 6 months), and the aggressiveness of the tumor
(a-fetoprotein greater than 200 ng/mL)

Although there are insufficient data about the usefulness
of palliative therapy for HCC, ablative therapies such
as transarterial chemoembolization, radiofrequency ab-
lation and percutaneous bland or ethanol ablation should
be recommended in regions where the waiting time for
these candidates is longer than 3 months. Prospective
collection of this information by UNOS may help deter-
mine the usefulness of palliative therapy for HCC candi-
dates awaiting LT in the future.

A more uniform process and guidelines of allocation for
HCC candidates should be developed at the regional
level (e.g. interregional sharing of donor organs for pa-
tients with stage T2 HCC).
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