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ABSTRACT

Background. Restrictive staging criteria for liver transplant (LT) patients with HCC in the U.S. have resulted
in favorable long-term recurrence-free survival, but these criteria exclude a subgroup of patients who,
despite tumor size beyond T2 stage, demonstrate an acceptable outcome. The aim of this study was to as-
sess the waiting list and post-transplant mortality of patients with HCC tumors greater than Milan T2 stage.
Methods. The U.S. OPTN standard transplant dataset was analyzed for patients with a diagnosis of HCC who
were listed for liver transplantation between February 2002 and 2008. Those patients with Milan T3 stage
tumors were compared to patients with T1 and T2 lesions. Multivariate survival models were developed to
investigate independent predictors of death or tumor recurrence post-transplant. Results. 7,391 patients
with HCC were identified. 351 (4.75%) had T3 lesions. Compared to non-T3 patients, total tumor burden was
greater and total alpha-fetoprotein (AFP) was higher in the T3 patients. T3 patients also were more likely
to receive pretransplant locoregional therapy. There were no significant differences between T3 patients
and non-T3 patients in demographic variables or physiologic MELD score at the time of transplant, waiting
time, or donor risk index. Waiting list mortality was increased for T3 patients compared to non-T3 and tu-
mor progression while waiting was higher. Independent predictors of waiting list mortality included physio-
logic MELD score at the time of listing, total tumor burden, and serum AFP. There was significant regional
variation in the utilization of exceptions for T3 patients and UNOS regions 4, 9, and 10 performed a higher
percentage of their transplants in T3 patients compared to other regions. There was no difference in post
transplant survival between T3 and non-T3 patients. Independent predictors of post-transplant mortality
included physiologic MELD score at the time of transplant, recipient age, and donor risk index. In patients
with T3 tumors, total tumor burden was not an independent predictor of post transplant survival. Conclu-
sions. Patients who are listed for liver transplantation with Milan stage T3 HCC have higher waiting list mor-

tality but have similar post-transplant survival compared to patients with T1 and T2 HCC.
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INTRODUCTION

Liver transplantation (LT) is the optimal treat-
ment of hepatocellular carcinoma (HCC) in patients
with underlying liver disease as it eliminates both
the cancer and the cirrhotic liver. Early experience
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with LT for cancer yielded disappointing results ha-
ving a high rate of recurrence and an unacceptably
low survival rate. This was thought to result from
poor selection of candidates with advanced disease;
however, there were some long term survivors.!2
Mazzaferro, et al., reported a landmark study in
1996 demonstrating an excellent post-transplant
outcome which they attributed to their patient selec-
tion. As a result, the “Milan criteria” were develo-
ped including a single lesion less than or equal to
5 cm diameter, or up to three lesions all with diame-
ter less than 3 cm.3 Patients in this group had an
excellent 4-year survival rate post-transplant of
75%, similar to patient survival rates with nonma-
lignant liver diseases. Following this report, expe-
riences from other institutions showed a 5-year
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survival rate of 75% or greater for patients fulfilling
these criteria.*® Currently, the Milan criteria have
become widely accepted for selection of LT candida-
tes and they are incorporated into the pre-trans-
plant evaluation process for patients with HCC in
many transplant centers. Transplant candidates
within Milan criteria receive standard MELD excep-
tion points in the United States.®

The Milan criteria have been challenged in recent
years by many centers as being too conservative. In-
creasing experience from single center series of LT
for HCC have suggested that the selection criteria
may be expanded without compromising long-term
outcomes.” Furthermore, some patients with advan-
ced HCC can also be aggressively treated with LT
following locoregional neoadjuvant therapy.®10 In
this method, down staging of advanced HCCs that
initially do not meet the Milan criteria but which
fulfill the criteria following treatment and remain
stable raise a particular interest. Several groups
have demonstrated that tumor down staging in LT
recipients has good results.®16 Various centers have
used different treatment options and adopted incon-
sistent definitions of tumor down staging, typically
with a small number of patients. In theory, achie-
ving successful down staging may reflect more favo-
rable tumor biology associated with low recurrence
potential. However, not all patients in this category
have acceptable post-LT outcomes,'®1¢ indicating
that there may be additional parameters other than
tumor dimensions and stability post treatment that
affect outcome. Therefore, there is a crucial need for
a better understanding of the disease course after
transplant for tumors outside standard criteria. To
address these issues, the aim of this study was to
determine wait list survival and post transplant
mortality and factors of predictive of survival with
tumors outside standard criteria using a large U.S.
national dataset.

METHODS

The United States Organ Procurement and
Transplantation Network database was analyzed for
patients listed for liver transplantation with hepato-
cellular carcinoma between February 2002 and
January 2009. This analysis includes all patients
with an HCC reported to United Network for Organ
Sharing (UNOS) and eventually listed for liver
transplantation. Not all patients included in this
study necessarily received a MELD exception for
HCC. For instance, some patients might have been
listed with a primary indication of hepatitis C and

had a MELD score high enough to enable liver
transplantation without MELD exception points for
HCC. In the U.S., UNOS uses a modified version of
the Milan criteria3 to establish transplantation prio-
rity for patients with HCC.!” Patients were conside-
red to be stage T3 if they had one lesion greater
than 5 cm, or 2-3 nodules, at least one greater than
3 c¢m in size. Pre-transplant tumor staging is based
on radiographic tumor appearance, not explant fin-
dings. The decision to assign transplant priority to
patients with T3 lesions is decided at the regional le-
vel in the U.S. and is determined by a review board
of transplant physicians and surgeons.

In this analysis, patients with T3 lesions were
compared to patients with non-T3 lesions. Non-hepa-
tocellular carcinoma liver tumors were excluded
(cholangiocarcinoma, hepatoblastoma, metastatic
carcinoma). Patients were also categorized by total
number of lesions and by cumulative total tumor
size. Locoregional interventions performed on pa-
tients with HCC are also routinely reported to UNOS
as part of the listing process in patients with HCC.
For this analysis, the types of locoregional interven-
tion performed were categorized into the following:

* None.

* Transarterial chemoembolization (TACE) or
radioactive bead embolization.

* Radiofrequency ablation (RFA) or cryoablation.

Tumor size estimates were based on measure-
ments prior to locoregional therapies.

Patient demographics and other patient characte-
ristics were compared between groups. Univariate
and multivariate waiting list and post-transplant
survival models were developed to investigate inde-
pendent predictors of waiting list or post-transplant
death. Waiting list removals for “death”, “condition
deteriorated” or “too sick to transplant” were con-
sidered waiting list deaths. Reason for post-trans-
plant mortality was generally not available in the
dataset, although recipient status is routinely veri-
fied through the U.S. Social Security National Dea-
th Registry. Categorical variables were analyzed
using the chi-square or Fisher’s exact test where
appropriate. Continuous variables were analyzed
using analysis of variance, independent sample t-test
or Wilcoxon sign rank test as appropriate. Univa-
riate survival modeling was performed using the Ka-
plan-Meier technique and the log-rank test with
censoring at death, transplant, or last follow-up.
Multivariate adjusted survival models were cons-
tructed using the Cox proportional hazards techni-
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que with censoring at death or last follow-up. Can-
didate variables were included in the multivariate
survival models if they were statistically significant
to a level of 0.20 in the univariate analysis or have
been shown in other published models or clinical ex-
perience to be significant predictors of survival. No
data imputation was performed. All statistical tes-
ting was two sided with the level of statistical signi-
ficance for type one error set at p less than or equal
to 0.05. All dataset manipulation and statistical
analysis was performed using SAS (Cary, NC, ver-
sion 9.1.3). No institutional review board approval
was needed for the use of this deidentified dataset.

RESULTS

7,391 patients with HCC were identified. 351
(4.75%) had T3 lesions. As expected, patients were
predominantly male and Caucasian. There were no
differences between patients with T3 lesions and
those with non-T3 lesions in mean age (56.7 in T3
patients vs. 56.0 years in non-T3 patients, p =
0.228), gender (81.5% male vs. 77.1%, p = 0.057),
race (65.8% Caucasian vs. 61.6%, p = 0.113), MELD
score at transplant (14.0 vs. 13.7, p = 0.503), HCV
infection (21.4% vs. 25.8%, p = 0.063), or time spent
on the transplant waiting list (199 days vs. 195, p =
0.720). Mean donor age was marginally higher in
the T3 patients (44.8 years vs. 41.8, p = 0.007) but the
overall donor quality as assessed by the donor risk
index (DRI)!® was similar between groups (1.85 vs.
1.81, p = 0.104). See table 1 for details.

Because of the definition of the groups, there
were significant differences in the characteristics of
the tumors between groups. The total tumor burden
(6.91 cm in T3 patients vs. 3.10 in non-T3 patients,
p <0.0001), mean number of lesions (2.23 vs. 1.36, p
<0.0001), serum AFP (864 ng/mL vs. 340, p =
0.0003), and percentage of patients undergoing no
pre-transplant tumor locoregional intervention
(39.0% vs. 64.9%, p <0.0001) were all significantly
different between T3 patients and non-T3 patients
(Table 1). Amongst the UNOS regions, there was
significant variation in listing practices for candida-
tes with T3 lesions. Regions 9 (New York, n = 79,
22.5%), 5 (California, Nevada, Utah, Arizona, and
New Mexico, n = 76, 21.7%), and 4 (Texas and OKkl-
ahoma, n = 72, 20.5%) listed more than 60% of all
candidates with T3 tumors. T3 candidates accounted
for 12.2% of all regional candidates with HCC
within Region 4, 7.2% in Region 9, and 7.1% in Re-
gion 10 (Michigan, Indiana, and Ohio). These regio-
ns were significantly different compared to all other
regions (p <0.0001).

Waiting list mortality was increased for T3 pa-
tients compared to non-T3 (18.5 vs. 11.3%, p
<0.0001). Figure 1 shows the unadjusted Kaplan-
Meier waiting list survival for the population. Nine-
ty-day survival for candidates with T3 tumors was
94.2% compared to 96.7% for non-T3 candidates
(p = 0.0006). This survival disadvantage continued
at one year with 71.3% for T3 candidates and 74.6%
for non-T3 patients (p = 0.0006). In the multivaria-
te survival model, independent predictors for increa-

Table 1. Patient population and tumor characteristics. Continuous variables are expressed as means and 95% confidence inter-

vals. Categorical variables are expressed as number and percent.

Variable T3 Patients Non-T3 Patients p-value
(n =351) (n = 7,040)
Recipient age (years) 56.7 (55.7-57.7) 56.0 (55.9-56.3) 0.228
Recipient male 286 (81.5) 5430 (77.1) 0.057
Recipient Caucasian 231 (65.8) 4337 (61.6) 0.113
MELD score at transplant 14.0 (13.3-14.7) 13.7 (13.6-13.9) 0.503
Hepatitis C infection 75 (21.4) 1816 (25.8) 0.063
Waiting time (days) 199 (172-226) 195 (189-201) 0.720
Donor age (years) 44.8 (42.7-47.0) 41.8 (41.3-42.5) 0.007
Donor risk index* 1.85 (1.80-1.91) 1.81 (1.80-1.82) 0.104
Total tumor burden (cm) 6.91 (6.78-7.05) 3.10 (3.07-3.13) <0.0001
Number of lesions 2.23 (2.17-2.30) 1.36 (1.35-1.38) <0.0001
Serum alpha-fetoprotein (ng/mL) 864 (588-1140) 340 (278-401) 0.0003
Pre-op chemoembolization 159 (45.3) 1699 (24.1) <0.0001
Pre-op percutaneous ablation 73 (20.8) 914 (13.0) <0.0001
No pre-op intervention 137 (39.0) 4568 (64.9) <0.0001

* As defined by Feng, ef al. See text.
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Figure 1. Waiting list survival for patients with T3 hepatoce-
llular carcinoma compared to those with non-T3 lesions.

Days post-transplant

Figure 2. Post liver transplant survival for patients with T3 he-
patocellular carcinoma compared to those with non-T3 lesions.

Table 2. Independent predictors of adjusted waiting list and adjusted post-transplant mortality.

Variable 95% Confidence
Hazard Ratio Interval p-value
Waiting List Mortality
MELD score at listing 1.126 1.108 - 1.144 <0.0001
Any pre-op tumor intervention 0.904 0.774 - 1.056 0.203
Total tumor burden (cm) 1.113 1.069 - 1.158 <0.0001
Serum alpha-fetoprotein (ng/mL) 1.001 1.000 - 1.002 <0.0001
Post-Transplant Mortality
Recipient age (years) 1.012 1.004 - 1.019 0.002
Hepatitis C infection 1.040 0.924 - 1.171 0.512
MELD score at transplant 1.024 1.016 - 1.033 <0.0001
Any pre-op tumor intervention 0.981 0.873 -1.103 0.751
Total tumor burden 1.022 0.983 - 1.063 0.277
Donor risk index* 1.473 1.301 - 1.668 <0.0001

* As defined by Feng, ef al. See text.

sed waiting list mortality included MELD score at
listing (HR 1.126, 95% CI 1.108-1.144, p <0.00001),
total tumor burden (HR 1.113 per cm of tumor,
1.069-1.158, p <0.0001), serum AFP (HR 1.001 per
unit change in AFP, 1.000-1.002, p <0.0001). See ta-
ble 2 for details.

Despite the differences in waiting list mortality,
there was no difference in post transplant survival
between T3 and non-T3 patients (p = 0.926). Figure
2 shows the unadjusted survival curves for the T3
patients vs. the non-T3 patients. Independent pre-
dictors of post-transplant mortality (Table 2) inclu-
ded physiologic MELD score at the time of
transplant (HR 1.024, 1.016-1.033, p <0.0001), reci-
pient age (HR 1.012 per year, 1.004-1.019, p =
0.002), and donor risk index (HR 1.473, 1.301-1.668,

p <0.0001. Total pretransplant tumor burden was
not an independent predictor of post transplant sur-
vival (p = 0.277).

DISCUSSION

With recent advances in therapeutic options and
surveillance for HCC, more patients with large HCC
have come to be evaluated for transplantation. Data
suggest that there is a select group of patients with
advanced stage HCC that do well with liver trans-
plantation. There is also evidence that some tumors
which are initially outside of standard transplant
criteria may be successfully down staged pre-opera-
tively and have similar outcomes.”13:1920 The cha-
llenge is to determine if expanded criteria and down
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staging offers a similar long-term survival to those
candidates with smaller tumors in this era of organ
shortage. In light of the success in tumor down sta-
ging demonstrated by UCSF,”%10.13 many centers
have pushed forward with this type of protocol as-
king for MELD exception points on candidates out-
side standard accepted Milan criteria who show
stability after locoregional down staging.®!® Curren-
tly, review boards consider these situations on a
case by case basis. Those tumors that can be down
staged into Milan T2 criteria and have documented
stability for three months are typically given
the same exception points that standard T2 tumors
receive. Tumors outside the standard criteria may
also receive exception points or, in some cases, be
transplanted based upon native MELD score.

In this analysis, patients with T3 lesions were
compared to patients with non-T3 lesions and found
to have similar outcomes after transplantation. It is
somewhat challenging to determine which patients
underwent a down staging treatment prior to trans-
plant or not due to the nature of this database
analysis. However patients who survived to trans-
plant did as well regardless of tumor stage at lis-
ting. Whether or not pre-transplant locoregional
therapy is beneficial is still controversial. Some
have argued that pre-operative locoregional down
staging have not demonstrated a significant effect
on survival which is dramatically demonstrated in
those waiting greater than 6 months for trans-
plantation.?! Recently Northup, et al., presented
data demonstrating an increased list removal rate
with locoregional therapy in patients with T1 lesio-
ns compared to T2 lesions.?? There was not a signi-
ficant survival advantage to locoregional therapy in
patients with T2 lesions post transplant. Moreover,
at a national consensus conference on liver alloca-
tion for patients with HCC, a work group reviewed
locoregional therapy and concluded that devices and
image guidance techniques are constantly improving
and the true complete ablation rate will likely im-
prove with advancing technologies.?? Despite this,
locoregional therapy should currently be viewed as
a bridge to rather than a replacement for transplan-
tation.

Locoregional interventions performed on patients
with HCC are also routinely reported to UNOS as
part of the listing process in patients with HCC.
Non-T3 patients were more likely to not have pre-
transplant locoregional therapy as compared to T3
patients (64.9% vs. 39.0%). Furthermore, it was in-
teresting to discover that only 65% of patients with
T3 tumors had pre-transplant locoregional interven-

tion. Despite the favorable tumor biology expected in
successfully down staged patients, previously pu-
blished data have yielded inconsistent results in re-
lation to post-transplant outcomes.!?-16 This
highlights the need for improved understanding of
the long-term clinical course of down staged HCC.
Identifying prognostic factors would establish the
basis for which we elect LT for selected down staged
patients.

Regional variation is difficult to account for
within this database analysis. Regions that tend to
transplant at higher MELD scores also had a higher
incidence of T3 tumors. Again, it could be postula-
ted that these cases were transplanted on standard
MELD score vs. exception. Regions 9 (New York,
n =179, 22.5%), 5 (California, Nevada, Utah, Arizo-
na, and New Mexico, n = 76, 21.7%), and 4 (Texas
and Oklahoma, n = 72, 20.5%) listed more than 60%
of all candidates with T3 tumors. T3 candidates ac-
counted for 12.2% of all regional candidates with
HCC within Region 4, 7.2% in Region 9, and 7.1% in
Region 10 (Michigan, Indiana, and Ohio). These re-
gions were significantly different that all other
regions (p <0.0001). The regional variation in
transplant practice in the U.S. is of great debate as
supply and demand are not equally distributed
throughout the country. The current allocation sys-
tem is being evaluated for alterations to allow for
more equitable organ distribution more equitable ba-
sed on population and geography.

Waiting list mortality or removal from the wai-
ting list was expected to be higher in the T3 pa-
tients. Waiting list removals for “death”,
“condition deteriorated” or “too sick to trans-
plant” were considered as waiting list deaths in the
analysis. Waiting list mortality was increased for
T3 patients compared to non-T3. This waiting list
death and removal accounted for a significant de-
crease in overall survival at 90 days and one year
from the time of listing. However, those patients
that survived to transplant had no survival diffe-
rence between T3 and non-T3 patients. In the mul-
tivariate wait list survival model, independent
predictors for increased probability of wait list re-
moval included MELD score at listing, total tumor
burden and serum AFP. These results suggest sic-
ker patients, and those with larger and more
aggressive tumors, have a higher rate of waiting
list removal. AFP continues to be a significant pre-
dictor of poor outcome in tumor patients.

There are inherent weaknesses of large data set
analyses such as incomplete reporting to UNOS, un-
clear cause of death in the dataset and incomplete
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reporting of recurrent tumors post-transplant, rela-
tively short follow-up period, and no justifiable ac-
counting for tumor patients that are never listed.
There is also a lack of granularity to show details
about explant pathology or the total denominator of
HCC patients undergoing transplant and these
weakness in the OPTN database have been discus-
sed elsewhere.?* Finally, mortality is a poor endpo-
int for many disease processes as the true cause of
mortality is multifactorial in most cases. Other fac-
tors such as local standard of care, regional surgi-
cal variation, and unnamed factors are likely to
contribute greatly to overall survival. Despite these
obvious weaknesses, this study offers the largest
sample size of well defined T3 HCC patients with ex-
tended follow-up published to date.

The survival model post transplant was strikin-
gly different from the pre-transplant model. It re-
vealed that the MELD score at the time of
transplant was an independent predictor of post-
transplant mortality as was recipient age and do-
nor risk index. These findings confirm previously
published single center studies. Interestingly, to-
tal pretransplant tumor burden was not an inde-
pendent predictor of post transplant survival.
This suggests that patients who have tumors out-
side of the UNOS (Milan) T2 criteria who success-
fully navigate the transplant process have similar
survival to candidates with lower tumor burden
pre-transplant. Our results support the assertion
that transplant centers and the various regional
review board methods allow select patients outsi-
de standard criteria to be transplanted with good
results. Whether these patients are transplanted
on their MELD score, through regional review
board exception points, or tumor down staging
protocols, these data demonstrated that there is a
role for expanding the listing criteria with de-
monstrated good outcomes. Unfortunately defi-
ning the expanded criteria is difficult for T3 and
greater lesions with the present data. Further
work is needed to develop improved and more spe-
cific pre-transplant predictive models for aggressi-
ve tumors such as serum markers, tumor genetic
profiles, and improved radiographic analysis in or-
der to establish if there a role for pre- and post-
transplant chemoprophylaxis for high risk tumors
given the advent of new chemotherapeutic agents.
The current data demonstrates further the need
for a down staging waiting period in patients who
have tumors outside standard criteria in order to
identify aggressive tumors until better methods of
assessing tumor activity are available.

CONCLUSION

Analysis of the US MELD-era data shows that pa-
tients who are listed for liver transplantation with
Milan stage T3 HCC have increased waiting list
mortality but have similar post-transplant survival
rates compared to patients with stages T1 and T2 le-
sions and provides further evidence that criteria for
transplantation for HCC should be liberalized, pro-
bably through the use of down staging waiting pe-
riods and improved detection methods of aggressive
tumors.

ABBREVIATIONS:

* AFP: Alpha fetoprotein.

* HCC: Hepatocellular carcinoma.

* HCV: Hepatitis C virus.

* OPTN: Organ Procurement and Transplanta-
tion Network.

* RFA: Radiofrequency ablation.

* TACE: Transarterial chemoembolization.

* UNOS: United Network for Organ Sharing.
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