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Abstract
In the USA, hepatocellular carcinoma (HCC) has the most rapidly increasing cancer incidence since 1980, has a rate of death that
has increased by 43% between 2000 and 2016 and is currently the second most lethal tumor with a 5-year survival of 18%.While
the expected 5-year survival after liver transplant (LT) in patients with HCC is attractive at over 70%, LT is limited by extreme
shortage of organs and post-LT immunosuppression. Numerous changes to the liver allocation system for HCC in the USA have
been applied since 2002. However, for the most part, USAHCC patients continue to receive similar priority for LT despite ample
evidence that tumor size and number is only one of many contributors to urgency (i.e. waitlist dropout), utility (i.e. post-LT
survival) and LT survival benefit. In this review, we examine where current LT criteria for HCC has resulted in overuse including
1) compensated patients with a single, small, well-treated tumor and 2) patients with HCC amenable to up-front resection. We
further examine where current LT criteria for HCC has resulted in underuse including 1) patients with HCC outside of standard
criteria but who have favorable markers of tumor biology based on response to local regional therapies, alpha-fetoprotein and
other serum biomarker levels, 18F-FDG-PET scan results and tumor biopsy as well as 2) HCC patients with decompensated
cirrhosis who have an increased risk of waitlist dropout and thus likely merit additional priority given their increased LT survival
benefit.
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Abbreviations
AFP Alpha-fetoprotein
AASLD American Association

for the Study of Liver Diseases
HCC Hepatocellular carcinoma
ITT Intention-to-treat
LT Liver transplantation
LRT Local-regional therapy
MMaT-3 Median MELD at transplant minus 3
MMaT/250 Median MELD at transplant

within 250 nautical miles

MELD Model for end-stage liver disease
SRTR Scientific Registry of Transplant Recipients
TTV Total tumor volume
UNOS United Network for Organ Sharing
US United States
UCSF) University of California, San Francisco

Introduction

Hepatocellular carcinoma (HCC) incidence has been the most
rapidly increasing cancer incidence in the USA since 1980 [1].
The rate of death from HCC in the USA increased by 43%
(from 7.2 to 10.2 death per 100,000) between 2000 and 2016
[2]. With a 5-year survival of 18%, HCC is the second most
lethal tumor in the USA after pancreatic cancer [3]. However,
expected 5-year survival after liver transplantation (LT) in
patients with HCC is over 70% [4], making LT an attractive
treatment option. Unfortunately, LT is limited by the extreme
shortage of available liver allografts and then need for lifelong
immunosuppression post-LT. Precisely because of this critical
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shortage, organ allocation systems in the USA and elsewhere
have developed prioritization criteria which attempt to balance
the benefit of transplantation and the risk of post-LT HCC
recurrence and subsequent reduced survival.

Numerous changes to the liver allocation system for HCC
in the USA have been applied since the MELD allocation
system was adopted in 2002 [5, 6]. Initially, HCC stage I
(T1), defined as a single lesion between 1 and 2 cm in size,
and stage II (T2), defined as either a single HCC lesion be-
tween 2 and 5 cm or 2 to 3 HCC lesions all less than or equal
to 3 cm in size, was transplantable. These criteria, also known
as the Milan criteria, were assigned model for end-stage liver
disease (MELD) exception scores of 24 and 29 points, respec-
tively. This was reduced to 20 and 24 respectively in 2003 in
an attempt to reduce over-prioritization of individuals with
HCC, and then in 2005, T1 was further reduced to no
MELD exception points, and T2 were given 22 [7, 8].
Despite the United Network for Organ Sharing (UNOS) con-
tinuing to refine by standardizing the system for LT explant
pathology and establishing more rigorous imaging criteria [9],
individuals with HCC still appeared over-prioritized with low-
er waitlist dropout and a higher LT rate along with inferior
long-term post-LT survival than non-HCC individuals. As a
result and in an attempt to equalize access to LT betweenHCC
and non-HCC individuals [10], a system of delaying granting
of a MELD exception score of 28 for 6 months after LT listing
was adopted in 2015 to allow HCC tumor biology to naturally
select out those with more aggressive tumor biology and pre-
sumably higher risk of post-LT recurrence [11]. After the
6 months of waiting and granting of MELD exception score
of 28, candidates that remained within T2 or less HCC were
granted 10% increase in MELD exception score to a CAP of
34, called the MELD escalator.

In an effort to further improve post-LT outcomes for indi-
viduals with HCC, UNOS adopted in 2017 a policy where
candidates with T2 HCC but with an alpha-fetoprotein
(AFP) greater than 1000 ng/mL are not eligible for standard-
ized MELD exception until AFP falls below 500 after local-
regional therapy (LRT) [12]. This change was a result of data
showing that LT candidates with HCC within T2 criteria with
high AFP have a high post-LT recurrence and mortality rate
[13]. It is worth noting that several other AFP cutoffs have
been proposed for incorporation into transplant criteria includ-
ing 100 ng/mL [14–16], 200 ng/mL [17], and 400 ng/mL
[18–20] along with the currently utilized 1000 ng/mL [13,
14, 21, 22]. At the same time, UNOS adopted a policy of
allowing individuals with HCC outside of T2 criteria who
are successfully down-staged into T2 criteria with LRT to
proceed with MELD exception points. Based off the
University of California, San Francisco (UCSF) down-
staging criteria [21], UNOS defined its down-staging criteria
to include (1) one lesion greater than 5 cm or less than or equal
to 8 cm, or (2) 2 to 3 lesions each less than 5 cm and a total

diameter of all lesions less than or equal to 8 cm, or (3) 4 to 5
lesions each less than 3 cm and a total diameter of all lesions
less than or equal to 8 cm [12, 23]. Additional criteria that
have found to have non-significant differences compared to
T2 in terms of post-LT survival include UCSF criteria (single
HCC less than or equal to 6.5 cm or 2 to 3 HCCs less than or
equal to 4.5 cm with total tumor diameter less than or equal to
8 cm) [24, 25], Up-to-7 criteria (HCC having the number 7 as
the sum of the size in cm of the largest tumor and the number
of tumors) [26], total tumor volume (TTV) criteria + AFP
(TTV < 115cm3 and AFP less than 400 ng/mL) [18, 27], and
the AFP-French model (points system based on tumor size,
number of tumors, and AFP cutoff levels at 100 ng/mL and
1000 ng/mL) [14].

Despite the policy changes implemented by UNOS,
waitlist mortality for traditional non-exception point candi-
dates continued to exceed mortality for HCC exception point
candidates [28, 29] and geographic disparities in access to
liver allografts for individuals with HCC continued to widen
[30]. To address this, UNOS adopted in 2019 a policy where
candidates with T2 HCC (including those successfully down-
staged) who had AFP within criteria and after 6 months
waiting would be granted an exception score of the median
MELD at transplant within 250 nautical miles of the transplant
center (MMaT/250) minus 3 or MMaT-3. On the basis of
simulations provided by the Scientific Registry of Transplant
Recipients (SRTR) [31, 32], all patients who qualify for
MELD exceptions will receive MMaT-3. The MMaT/250 is
calculated by UNOS every 180 days based on the previous
365-day cohort. Expected to lead to MELD “deflation,” this
UNOS policy is hoped to place LT candidates with similar
medical urgency, with or without HCC, on similar footing
regardless of geography and with no significant effect on
posttransplant mortality.

While T2 criteria, UNOS down-staging criteria, AFP cut-
offs, 6-month waiting periods, and MMaT-3 are crucial to
understanding how individuals with HCC in the USA can be
listed and eventually undergo LT, these specifics do not tell
us who with HCC should be listed for LT. Studies have
shown that additional specificities must be considered at
the time of LT listing for HCC, as competitive non-
transplant options exist for the large majority of patients
with well-preserved liver function [33, 34]. The concepts
of urgency (the risk of dying before receiving a LT), utility
(maximization of post-LT outcomes), and particularly trans-
plant benefit are crucial in deciding which individual with
HCC should be listed for LT. Transplant benefit is the net
benefit in survival achieved by subtracting the survival that
could be achieved by non-transplant options from the abso-
lute post-LT survival [35]. Based solely on an approach
meant to maximize transplant benefit, the current US criteria
for LT among individuals with HCC may be counterintui-
tive [36, 37].
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With this backdrop, this review will address situations
where LT for HCC may be overused and situations where
LT for HCC may be underused (see Fig. 1).

Current Transplant Criteria for HCC—Overuse

Hepatocellular carcinoma (HCC) is the only generally accept-
ed indication for solid organ transplantation in cancer, and LT
theoretically offers the best treatment by providing the most
complete oncologic resection with the added benefits of re-
placing a diseased liver and restoring hepatic function. On the
other hand, LT remains a technically demanding procedure
with a well-established short-term mortality and morbidity
and is fraught with persistent shortage of deceased donors
with ongoing increase in demand. The number of HCC
waitlist registrations in the USA had risen by nearly 2000 from
2005–2009 to 2010–2014 [30]. HCC now accounts for nearly
25% of all LTs performed in the USA, a number steadily
rising from < 5% before MELD system implementation in
2002 to 10–15% in 2002–2008 [28, 38, 39]. Given the in-
creasing demands of deceased donor LT for HCC, maximiz-
ing transplant benefit in individuals with HCC is of paramount
importance [34].

Reduced Urgency: Compensated HCC Patients with
Single Small Tumors

The main way LT is overused for HCC is by maximizing
utility by selecting patients with very low risk of post-LT
HCC recurrence and thereby maximizing post-LT survival.
While this approach theoretically could improve transplant

benefit, it often undercuts urgency as those patients with the
lowest risk of post-LT HCC recurrence have a low risk of LT
waitlist dropout. In a single center study, a subgroup of listed
HCC individuals with a single 2 to 3 cm tumor, AFP < 20 ng/
mL after first LRT, and a complete response to first LRT had a
very low risk of waitlist dropout at < 2% at 2 years [40]. This
subgroup, which accounted for nearly 20% of the HCC listed
patients in the cohort, is unlikely to derive immediate benefit
from LT. In another single center study of 315 HCC individ-
uals listed for liver transplant, those with T2 disease who had
complete response to LRT had similar waitlist drop rates to
patients with T1 disease, and the response to LRT significant-
ly affected both the recurrence rate of 176 listed individuals
and the overall intention-to-treat survival [41]. The authors
similarly concluded that the response to LRT is a potentially
effective tool for prioritizing HCC patients for LT and may
even allow selection of HCC individuals who would derive
minimal benefit from LT. In a follow-up study looking at
UNOS data in long wait time regions of 1, 5, and 9, 2052
individuals with T2 HCC listed between 2011 and 2014 were
followed, and predictors of waitlist dropout were examined
[42•]. Probabilities of waitlist dropout were 18.3% at 1 year
and 27% at 2 years for the cohort. In multivariate analysis,
factors associated with a lower risk of waitlist dropout includ-
ing MELD-Na less than 15, Child-Turcotte-Pugh class A cir-
rhosis, single 2 to 3 cm lesion, and AFP < 20 ng/mL (all
p < 0.01). The subgroup that had all four of these characteris-
tics included 245 individuals (~ 12%), and they had a 1-year
probability of dropout of 5.5% compared to 20% for all others
(p < 0.01). Further, on explant, the low dropout risk group was
more likely to have complete tumor necrosis (35.5% vs.
24.9%, p = 0.01) and less likely to exceed Milan criteria

Fig. 1 Current liver transplant criteria for hepatocellular carcinoma:
transplant benefit framework highlighting both overuse and underuse.
HCC, hepatocellular carcinoma; MELD-Na, model for end-stage liver

disease sodium; PET, positron emission tomography; UNOS, United
Network for Organ Sharing
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(9.9% vs. 17.7%, p = 0.03) [42•]. These studies primarily
show that there are a group of HCC individuals who are
listed for LT who either could be prioritized less than they
currently are or even delisted and closely observed as
performing LT on them is an overuse of the treatment
option and does not maximize urgency nor transplant ben-
efit. It has been proposed that individuals with HCC with
very low risk of waitlist dropout, defined as single small
HCC with resultant complete response after LRT, could
be given lower priority such as MMAT – 5 after 6 months
of waiting compared to other higher risk of waitlist drop-
out individuals [42•].

Liver Transplantation Versus Hepatic Resection

Another place where LT is overused for HCC is in patients that
have HCC that would be amenable to hepatic resection.
Individuals with HCC that do not have cirrhosis and have disease
amenable to hepatic resection should not undergo LT, a recom-
mendation supported by all major liver societies [43]. Individuals
with cirrhosis and HCC are generally only amenable to hepatic
resection if they have well-preserved liver function (including
Child-Turcotte-Pugh class A cirrhosis with a total bilirubin less
than or equal to 1 mg/dL and a MELD score less than 10), no
evidence of prohibitive portal hypertension (including a hepatic
vein wedge pressure less than 10 and/or platelets greater than
100 K/μl), single lesion HCC, or within T2 criteria and excellent
performance status [6]. In a meta-analysis that compared overall
intention-to-treat (ITT) survival and disease-free survival from
LT and hepatic resection in individuals with T2 HCC, hepatic
resection was favored with ITT 5-year overall survival (OR of
0.60, 95% CI 0.35–1.02) and ITT 5-year disease-free survival
(OR of 0.18, 95% CI 0.06–0.53) [44]. This underscores that
while a direct comparison of LT and hepatic resection on
overall- and disease-free survival should always favor LT, an
ITT comparison where those who dropped off the waitlist are
factored tends to favor hepatic resection. Another study has
shown that individuals with single, small (less than 3 cm),
HCC who undergo hepatic resection have overall- and disease-
free survival that are comparable to those who undergo LT [45].
Further, a multi-national study compared 3286 HCC individuals
who received LT (n = 1218) or hepatic resection (n = 2068) and
projected changes in overall survival based on varying rates of
wait-list drop-out [46••]. The authors found that based on their
data, for individuals with a single, less than 3 cm, HCC with
preserved hepatic function (MELD less than or equal to 10)
who lived in an area where wait-list drop-out was ~ 20%, overall
survival between hepatic resection and LT were similar. These
studies point out that LT may be overused for HCC when utility
is prioritized over urgency, and thereby TB is not maximized.

In clinical practice, it may be hard to convince some indi-
viduals with HCC to undergo hepatic resection if they are also
a candidate for LT. However, the strategy of salvage LT,

where if LT is pursued under potentially favorable LT prior-
itization should HCC recur after hepatic resection, may help
assuage this situation. The most recent Organ Procurement
and Transplant Network policy states that patients with cirrho-
sis who presented with T2 resectable HCC who underwent
complete resection but developed either T1 (biopsy proven)
or T2 HCC within 2 years following complete resection can
immediately be awarded MMAT – 3 exception points upon
liver transplant listing without a 6-month delay period [47].
Multiple studies have supported this approach for T1 or T2
HCC amenable to hepatic resection [48–52], including a cost-
effectiveness analysis [53].

Current Transplant Criteria
for HCC—Underuse

The rising incidence of HCC coupled with the ongoing use of
the restrictive Milan criteria for candidate selection has led to
significant interest in expanding acceptable transplant criteria
to offer LT to a wider population of HCC patients. However,
in areas with organ shortages including the USA, it is gener-
ally accepted that post-LT outcomes for HCC patients should
be similar to non-HCC patients [54] with the concern that
expanding criteria to allow for greater tumor burden could
compromise post-LT outcomes [55••]. In order to identify
HCC patients beyond Milan criteria for which LT is currently
being under-utilized, an accurate determination of tumor biol-
ogy should be obtained to properly determine recipient
benefit.

Expanding Transplant Criteria Using Serum
Biomarkers, Tumor Biopsy, or PET Scan

In terms of biomarkers, AFP is the most extensively studied
with post-LT survival declining at an AFP of ~ 20 ng/ml [13,
22, 56] with worse survival as AFP increases. A combination
of AFP and tumor burden parameters, such as with the
Metroticket 2.0 [55••] and the French AFP model [14], dis-
criminates post-LT prognosis significantly better than using
tumor burden alone. For example, using the Metroticket cal-
culator, a patient with a single 7-cm tumor but AFP of 5 mg/
mL would have an estimated 5-year post-LT HCC-specific
survival > 85%, which exceeds proposed utility thresholds
for post-LT survival and HCC recurrence. In addition to
AFP, there are several markers of tumor biology in HCC pa-
tients beyond Milan criteria that can help predict post-LT sur-
vival and thus can be used to expand access to LT. Multiple
centers have shown acceptable post-LT survival in HCC pa-
tients beyond Milan criteria by excluding those with poorly
differentiated tumor via needle biopsy [57–59] though agree-
ment of biopsy with explant pathology in terms of tumor dif-
ferentiation grade is not ideal [60, 61]. Additional approaches
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largely from Eastern centers performing live donor LT
(LDLT) for HCC beyond Milan criteria include 18F-
fluorodeoxyglucose positron emission tomography (18F-
FDG PET) scan and measuring des-gamma-carboxy pro-
thrombin (DCP) and lectin-reactive alpha-fetoprotein (AFP-
L3) [62, 63] with cutoffs of 7.5 ng/mL and 35% respectively,
associated with worse post-LT survival. 18F-FDG-PET tumor
positivity, especially if the tumor to non-tumor ratio is > 2, has
been associated with worse recurrence-free survival after
LDLT [64]. The National Cancer Center Korea criteria in-
cludes total tumor diameter < 10 cm and negative 18F-FDG-
PET scan with 5-year post-LDLT survival of 84% in recipi-
ents meeting these criteria compared to only 60% in those
exceeding these criteria [65]. Similarly, DCP has been incor-
porated into the Japanese extended criteria [66] where patients
beyondMilan criteria but with < 10 tumors, largest tumor size
< 5 cm, and DCP < 7.5 ng/mL have 5-year post-LDLT sur-
vival > 80% compared to 42% in those beyond these criteria.

Maximizing Transplant Survival Benefit by
Accounting for Liver Function

Currently in the USA, all HCC patients within Milan criteria
are assigned the same allocation priority (i.e., MMAT-3) re-
gardless of tumor characteristics or liver function. However,
when approaching waitlist survival, both tumor and liver-
related factors should be considered. For example, a decom-
pensated HCC patient withMELD score in the 20s has a much
higher risk of waitlist dropout compared to a well-
compensated HCC patient who has less urgency for LT and
thus reduced transplant survival benefit. Specifically, using
the European HCC and LT (EurHeCaLT) project, Lai et al
[67•] studied over 2100 HCC patients and found that MELD
score < 13 decreased the survival benefit of LT. Additionally,
Berry and Ioannou [34] found that HCC patients derive a
significantly lower 5-year survival benefit from LT than
non-HCC patients.

Several proposed models have suggested ways to increase
priority for listed HCC patients based on waitlist dropout risk
factors including MELD, AFP, and tumor size and number
[68–71]. However, a major concern in adopting a proposal
that gives additional priority to HCC patients with increased
tumor burden and AFP is selecting aggressive tumors for LT
with higher rate of post-LT HCC recurrence. Additionally,
nearly all listed HCC patients receive LRT while awaiting
LT [72], with increasing tumor burden in this setting associ-
ated with inferior post-LT outcome [73–76]. While this issue
remains unresolved, one potential solution to avoid
“underuse” and improve LT survival benefit would be to ac-
count for MELD-Na score above a certain threshold in de-
compensated HCC patients with increased urgency without
giving additional priority for elevated AFP or increased tumor
burden despite LRT.

Are There Upper Limits to Attempted Tumor Down-
Staging?

The rationale of tumor down-staging, or a reduction in tumor
burden using LRT tomeet acceptable LT criteria (e.g., Milan),
is to select candidates with favorable tumor biology based on
objective response to LRT. In HCC patients meeting pre-
specified upper limits of tumor burden who are successfully
down-staged, several studies have found similar post-LT sur-
vival compared to those always within Milan criteria [19, 21,
77]. Accordingly, in order to standardize criteria for down-
staging, in 2017 UNOS/OPTN adopted the UCSF/Region 5
down-staging protocol with patients successfully down-
staged to within Milan criteria eligible for automatic priority
listing for LT [78]. These initial down-staging selection
criteria include single lesion <8 cm, or 2–3 lesions < 5 cm
with total tumor diameter < 8 cm, or 4–5 nodules all < 3 cm
with total tumor diameter < 8 cm.

Not surprisingly, liberalizing tumor size and number cut-
offs beyond these down-staging inclusion criteria leads to a
lower rate of successful down-staging, higher rates of waitlist
dropout, and, of significant concern, worse post-LT survival
[77, 79–81]. In the UNOS database, 3-year post-LT survival
was 71% in the “all-comers” group with initial tumor burden
exceeding UNOS down-staging criteria compared to 83%
among patients always within Milan criteria [77]. Given these
concerns, “all-comers” who are successfully down-staged to
Milan criteria are evaluated by the National Liver Review
Board on a case-by-case basis rather than receiving automatic
MELD exception.

In order to successfully extend initial tumor size and
number criteria for attempted down-staging, it is likely
that more stringent AFP cutoffs are needed. In patients
initially beyond Milan criteria requiring down-staging,
AFP at LT > 100 ng/mL predicts higher risks of HCC recur-
rence and death, with a 3-year post-LT survival of 60% versus
81% for those with an AFP < 20 ng/mL [77]. Additionally, in
“all-comers”with an AFP at LT > 20 ng/mL who are success-
fully down-staged on pre-LT imaging, 3-year post-LT surviv-
al was only 50% [77]. Lai et al. [82] recently assessed upper
limits of tumor burden for attempted down-staging in combi-
nation with pre-treatment AFP and identified the following
criteria leading to successful LT- AFP ≤ 20 ng/mL combined
with up-to-twelve (i.e., # of tumors plus largest tumor in cm
up to 12), AFP 21–200 with up-to-ten, and AFP 201–500 with
up-to-seven. Besides combining pre-treatment tumor size and
number with AFP cutoffs, additional considerations to suc-
cessfully expand LT to a subset of “all-comers” include man-
dating a longer period of stability before LT to select less
aggressive tumors and using stringent exclusion criteria for
LT such as the development of new lesions during the period
of observation [80].
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Conclusions

Several recent UNOS/OPTNHCC policy changes standardizing
transplant wait times, excluding LT candidates with AFP >
1000 ng/mL until reduction to < 500 with LRT, and granting
automatic exception for patients meeting down-staging criteria
have been important steps forward in the selection of HCC can-
didates for LT. However, for the most part, HCC patients meet-
ing Milan criteria in the USA continue to receive similar priority
for LT despite ample evidence that tumor size and number is
only one of many contributors to urgency (i.e., waitlist dropout)
and utility (i.e., post-LT survival) to determine LT survival ben-
efit. Compensated patients with a single, small well-treated tu-
mor, comprising ~ 20% of listed HCC patients, have extremely
low risk of waitlist dropout, and thus LT is likely being overused
for them. Similarly, up-front resection should be considered rath-
er than LT when feasible, especially for patients with a single
tumor up to ~ 3 cm. In the case of post-resection recurrence,
salvage LT is likely an option with such patients able to bypass
the mandatory 6-month wait before MELD exception. On the
other end of the spectrum, expanding selection criteria to increase
access to LT for those with tumor burden beyond Milan criteria
can be accomplished by incorporatingmarkers of tumor biology,
including response to LRT (i.e., down-staging), AFP and other
serum biomarkers, 18F-FDG-PET scan, and tumor biopsy.
Finally, decompensated HCC patients with elevated MELD-Na
score have increased risk of waitlist dropout and thus likely merit
additional priority given their increased LT survival benefit.
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