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Opinion Statement

Benefits of liver transplantation (LT) for patients with hepatocellular carcinoma (HCC) are
well established. However, there is debate regarding optimal and equitable selection of
patients best served by LT, particularly in the face of limited organ availability. Herein, we
discuss topics regarding LT selection criteria for patients with HCC. Recent change in UNOS
policy currently mandates a 6-month observation period prior to priority listing and
institutes a cap of 34 MELD exception points for patients with HCC. Additionally, two
further proposed changes to UNOS policy include (1) requiring locoregional therapy for
those with small (2–3 cm) unifocal HCC prior to applying for exception points and (2)
allowing downstaging in select patients with UNOS T3 lesions. These policies move beyond
simply using tumor burden to using markers of tumor biology for selecting patients who
have the lowest risk of post-transplant recurrence and best chance at long-term post-
transplant survival. Given increasing time on transplant waiting lists and shortage of
donor grafts, LT should be reserved for patients who may achieve significant benefit
compared to non-transplant therapies. Potential benefit to HCC patients must be weighed
against the harm from delaying or precluding LT for non-HCC patients on the waiting list,
particularly in regions with limited donor availability. The relative benefit of LT in patients
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with small (G3 cm) HCC is likely limited; surgical resection (in absence of portal hyper-
tension) and local ablative therapy (if portal hypertension present) are both efficacious
and more cost-effective and should likely be regarded as first line therapies for these
patients. Salvage LT can be considered as a rescue option for those with recurrent disease.
Downstaging for selected patients with UNOS T3 lesions may identify those with good
tumor biology and acceptable post-transplant outcomes; however, current studies have
had a wide variation in reported outcomes. While awaiting more data, a standardized
downstaging protocol including a priori inclusion criteria and a mandatory waiting time
prior to LT to observe tumor biology likely yields the best outcomes.

Introduction

Hepatocellular carcinoma (HCC) is the third leading
cause of cancer-related death worldwide and a leading
cause of death in patients with cirrhosis [1]. Despite
advances in available therapies for HCC, median survival
remains less than 1 year. Prognosis is largely determined
by tumor stage, with curative options only available for
patients with early stage tumors. Liver transplantation
(LT) is an ideal treatment for selected patients with
HCC, as it removes both the tumor and the underlying
cirrhotic liver, with 5-year survival rates exceeding 70%

[2]. Although the benefits of LT for patients with HCC are
clear, there is ongoing debate regarding the selection of
patients best served by LT, particularly in the face of
limited organ availability. Proposals to amend current
organ allocation policy aim to address the equitable
allocation of organs for both HCC and non-HCC pa-
tients. These discussions are particularly significant and
timely, as HCC patients comprise a growing proportion
of the LT waitlist. In this review, we will discuss several
topics regarding LT criteria for patients with HCC.

Delayed MELD exceptions points

The Model for End-Stage Liver Disease (MELD) score, a predictor of 3-month
mortality in patients with cirrhosis, is used to prioritize patients for LT; however,
it underestimates the risk of mortality in patients with HCC. Accordingly,
patients with HCC within Milan criteria (single lesion ≤5 cm or up to 3 lesions
≤3 cm) were provided with additional MELD exception points starting in 2002
to balance their risk of tumor progression while awaiting LT compared to the 3-
month liver-related mortality risk of non-HCC patients. Subsequent data sug-
gested HCC patients were at a disproportionate advantage to receive LT com-
pared to non-HCC patients, with additional MELD points often overestimating
the likelihood of tumor progression and subsequentmortality. Thus, the MELD
exception policy has since been adjusted several times (Table 1).

Revisions to UNOS policy in 2003 and 2005 focused on the number of
exception points awarded to HCC patients, while the most recent change in
2015 instead addressed the timing of exception points. Previously, HCC pa-
tients were awarded priority listing with a MELD exception score of 22, which
was subsequently increased every 3months until either receipt of LT or drop-off
from the waitlist. Under the recently adopted policy, patients are initially listed
with their natural MELD score and are later awarded a MELD exception score of
28 points after a 6-month waiting period; exception points then increase every
3 months to a maximum score or “cap” of 34 points. Heimbach and colleagues
explored the optimal timing of exception points in a modeling study using
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Scientific Registry of Transplant Recipients (SRTR) data. They compared rates of
transplant between HCC and non-HCC candidates using the following sce-
narios: allocation of an immediate MELD exception score of 22, 3-month delay
before granting 25 exception points, 6-month delay before granting 28 excep-
tion points, and 9-month delay before granting 29 exception points. The
strategies yielded transplant rates of 108.7, 65.0, 44.2, and 33.6 per 100 person-
years, respectively, for HCC patients, compared to 30.1, 32.5, 33.9, and 34.8
transplants per 100-person years for non-HCC candidates [3••]. The authors
concluded a 6–9-month delay in receipt of exception points reduces disparity in
transplant rates between HCC and non-HCC candidates.

A mandatory 6-month waiting period prior to application of MELD excep-
tion points facilitates selection of patients with good tumor biology and lower
risk of post-transplant recurrence. Tumor burden, which is assessed by radio-
logic parameters and used for patient selection, is an imperfect surrogate for
tumor biology, as there is variation in natural history and treatment respon-
siveness between patients. Although patients within Milan criteria typically
have high recurrence-free survival rates, post-LT recurrence is still observed in
~10% of patients [4]. Many potential markers of tumor biology are unfortu-
nately not available pre-transplant (e.g., presence of microvascular invasion),
not validated, or insufficiently accurate. Although shorter wait timesmay reduce
the risk of waitlist drop-out and pre-transplant mortality as a result of tumor
progression, this does not allow for adequate time to assess tumor biology. An
analysis of the UNOS database foundHCC patients receiving LT in regions with
shorter wait times have significantly higher risk of post-transplant mortality
than those transplanted in long waiting time regions (HR 1.55, 95% CI 1.38–
1.74) [5]. Similarly, a multi-center study with 881 HCC patients found waiting
time less than 6 months is predictive of post-transplant recurrence (HR 3.0,

Table 1. MELD Exception Points for Patients with Hepatocellular Carcinoma

Year MELD exception points
2002 29 exception points for T2 lesions

24 exception points for T1 lesions

2003 24 exception points for T2 lesions

20 exception points for T1 lesions

2004 24 exception points for T2 lesions

No exception points for T1 lesions

2005 22 exception points for T2 lesions

No exception points for T1 lesions

2015 Natural MELD score at time of listing for T2 lesions

28 exception points after 6 months

Maximum of 34 MELD exception points

Proposed changes Requirement for locoregional therapy in patients
with 2–3 cm HCC prior to applying for MELD exception points

Allowing exception points for select patients with T3
HCC who are downstaged to T2

298 Liver (J Bajaj, Section Editor)



95% CI 1.2–7.0) [6•]. While patients with aggressive tumor biology can go
unrecognized with short wait times, they would likely drop-off the waiting list
due to tumor progression with observation over longer wait times.

Patients with UNOS T1 HCC

Patients with unifocal T1 lesions, i.e., smaller than 2 cm, are ineligible forMELD
exception points given the potential for misdiagnosis, perceived low risk of
drop-out, and availability of effective alternate therapies. There is practice
variation in management of these lesions; some centers opt for close observa-
tion until the lesion reaches 2 cm, while others proceed with locoregional
therapy before the patient qualifies for MELD exception points. While ablation
of T1 lesions is associated with 5-year tumor-free survival rates of 38–60% and
is cost effective in patients with compensated cirrhosis [7–9], the optimal
strategy is less clear for those with decompensated cirrhosis who might other-
wise benefit from LT. In a study evaluating the “Wait and not Ablate” strategy
among 114 patients with 1–1.9 cm HCC, median tumor growth was only
0.14 cm/month; however, the probabilities of progressing from T1 to directly
beyond T2 without transplant listing at 6 and 12 months were 4.4 and 9.0%,
respectively [10•]. Although elevated AFP was a risk factor for tumor progres-
sion and waitlist drop-out, there are no predictive models available to accu-
rately identify those at highest risk.

Patients with small (2–3 cm) UNOS T2 HCC

Multiple effective treatment options exist for patients with small, unifocal HCC,
including surgical resection, local ablative therapies, and LT [11]. Although LT
offers cure of the underlying cirrhosis in addition to lower HCC recurrence rates
compared to resection or local ablative therapy, post-transplant patients require
long-term immunosuppression, which also carries associated risks and costs.
Further, limited organ availability can create prolonged waiting times, allowing
potential for tumor progression and increasing waiting list drop-out for both
HCC patients and non-HCC patients.

Table 2. Expanded criteria for liver transplantation in patients with hepatocellular carcinoma

Proposed expanded
criteria

Definition

UCSF [17] Single tumor ≤6.5 cm, or G3 lesions with largest ≤4.5 cm and total tumor diameter ≤ 8 cm,
without vascular invasion

Hangzhou [15] Total tumor diameter G 8 cm, or tumor diameter 9 8 cm with histopathologic grade I or II and
AFP ≤ 400 ng/mL

UNOS Region 4 [16] Single tumor ≤6 cm, or G3 lesions with largest ≤5 cm, and total tumor diameter ≤ 9 cm

Up-To-Seven [27] Seven is the result of the sum of size in cm and number of lesions for any given HCC

Toronto Criteria [22] No restrictions on tumor size or tumor nodule
Tumors must have moderate to well differentiation, lack of macrovascular invasion, lack of
cancer-related symptoms, and AFP G 500 ng/mL.
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Due to logistical and ethical obstacles, randomized controlled trials com-
paring these therapies have not been conducted. Thus, current decisions are
primarily informed by observational andmodeling studies. A systematic review
of observational studies demonstrated similar 1-year survival for LT compared
to resection (OR 1.08, 95%CI 0.81–1.43), but improved 3- and 5-year survival
rates for LT (OR 1.47, 95% CI 1.18–1.84 and OR 1.77, 95% CI 1.45–2.16,
respectively) [12]. It is important to note these data have limitations including
confounding given use of strict medical and social selection criteria for LT but
not resection. Vitale and colleagues evaluated “transplant benefit”, defined as
the difference in survival with and without LT, by comparing observed survival
after resection to expected post-transplant survival among 1106 HCC patients
with compensated cirrhosis [13•]. MELD score and microvascular invasion
were the strongest predictors of transplant benefit, with transplant having a
survival benefit only in patients with MELD ≥10 and without microvascular
invasion. The 5-year survival rates were 67% in patients withMELD G10 vs. 47%
in those with MELD ≥10.

Surgical resection is reserved for those with Child Pugh A cirrhosis and
without portal hypertension, however, local ablative therapies can be used for
patients with portal hypertension. Prior studies have demonstrated local abla-
tive therapies to be highly effective with complete response rates exceeding 90%
for small tumors less than 3 cm in maximum diameter [14]. Although 50–70%
of patients have HCC recurrence within 5 years of local ablative therapy, some
patients achieve a long-term complete response obviating the need for LT.

Currently, some patients with small unifocal HCC who are candidates for
locoregional therapies and may otherwise do well without LT still undergo
transplantation. Thus, the MELD Exceptions and Enhancements Subcommittee
is considering a change to the current MELD exception policy for patients with
small (2–3 cm) unifocal lesions, requiring use of locoregional therapy prior to
the allocation of MELD exception points. Patients with compensated cirrhosis
and complete response to locoregional therapy would not be awarded excep-
tion points, while those with residual HCC would be prioritized. Patients with
tumor recurrence after locoregional therapy could be awarded exception points
without having to complete the 6-month waiting period. In patients for whom
locoregional therapy is not possible, transplant centers may ask the regional
review board for an exception to this policy.

Patients with UNOS T3 HCC

While patients with HCC exceeding Milan criteria are typically ineligible for
priority listing, some question whether the Milan criteria are too restrictive and
preclude LT in a subset of patients who might benefit from transplant. There-
fore, several potential expanded selection criteria have been proposed with
acceptable post-transplant outcomes [15–17] (Table 2). Notably, most studies
comparing outcomes between expanded criteria and Milan criteria used path-
ologic data (which is may not be available pre-transplant without biopsy)
rather than radiographic data, which only has 44% concordance [18]. Further,
several studies reported data as a single cohort, in which data from expanded
criteria patients were mixed with patients within Milan criteria, which may
result in underestimation of recurrence risk and overestimation of post-
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transplant survival. Finally, most studies had small sample sizes, which inher-
ently limit statistical power.

In a single-center study from UCLA, patients within UCSF criteria (n = 185)
had numerically lower survival than patients within Milan criteria (n = 173),
with 5-year recurrence-free survival rates of 65 vs. 74%, although this did not
reach statistical significance (p = 0.09) [19]. Similarly, a retrospective analysis
among 6012 HCC patients from the China Liver Transplant Registry found
patients exceeding Milan but fulfilling UCSF or Hangzhou criteria had lower
recurrence-free post-transplant survival, though again, the difference did not
reach statistical significance [20]. However, data from the Simmons Transplant
Institute suggest patients meeting Region 4 criteria (n = 49) had significantly
worse outcomes compared to those meeting Milan criteria (n = 176) [21].
Patients meeting Region 4 criteria were significantly more likely to have mi-
crovascular invasion on explant (22 vs. 5%, p = 0.002), higher AFP levels
(median 21.9 vs.8.5, p = 0.01), higher recurrence rates (13 vs. 5%, p = 0.05), and
worse survival (5-year survival 69 vs. 79%, p = 0.03). A meta-analysis including
19 studies found patients exceeding Milan criteria had higher post-transplant
mortality (HR 1.68, 95% CI 1.39–2.03) than those meeting Milan criteria [2].

In order to more directly assess tumor biology prior to LT, the Toronto criteria
have been proposed as a way to select which patients may be transplantable
beyond Milan criteria. The authors propose use of histology (i.e., poorly differen-
tiated tumors on biopsy), presence of HCC-related symptoms (weight loss, decline
in functional status), and markedly elevated AFP (AFP 9 500 ng/mL) in deciding
which patients should be excluded from LT consideration. In a prospective analysis
comparing post-LT outcomes of patients who met traditional Milan criteria
(n = 138) to those who were beyondMilan but met Toronto criteria (n = 105), the
patients beyondMilan had higher post-LT recurrence (29.8%) but still had 10-year
survival exceeding 40%, which is higher than expected for patients with T3 HCC
[22]. The excellent post-LT survival was in part secondary to aggressive post-LT
HCC surveillance andmanagement of recurrent HCC.While this criterion requires
further validation, it is the most direct measure of tumor biology prior to LT that
has been proposed to date.

Downstaging, i.e., use of locoregional therapies to bring UNOS T3 tumors
within Milan criteria has multiple benefits. It not only allows for reduction in
tumor burden, potentially facilitating LT, but also provides an observation period
to assess tumor biology. In a single center study among 114 patients, Yao and
colleagues used a prospective downstaging protocol, with a priori inclusion criteria
and a mandatory 3-month waiting period prior to LT [23]. After a median 9.8-
month time from downstaging to LT, downstaging was successful in 65.3% and
post-transplant recurrence rates were 7.5%, which was comparable to those who
initially presented within Milan criteria. When a similar downstaging protocol was
expanded to several Region 5 centers, similar results were observed, with 13% 5-
year recurrence rates [24]. While these results are favorable, they are not universal,
as shown in a systematic review of the literature [25•]. While more data is needed,
it appears a priori inclusion criteria, a mandatory waiting time prior to LT to
observe tumor biology, and a standardized downstaging protocol is an approach
that may yield the best outcomes and minimize post-transplant recurrence.

Though selected patients with HCC exceeding Milan criteria may
benefit from LT, this benefit must be weighed against the potential
harm from delaying or preventing transplantation for other non-HCC
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patients on the waiting list, particularly in regions with limited donor
availability. The harms of expanding selection criteria typically outweigh
the benefits when 5-year post-transplant survival rates fall below 61%
[26]. As expected, the risk-benefit ratio varies significantly between re-
gions, with less harm to non-HCC patients in regions with higher organ
availability.

The MELD exceptions and Enhancements Subcommittee are consid-
ering a change to the MELD exception policy in which patients with
tumor burden exceeding Milan criteria would be eligible for inclusion in
a downstaging protocol. This includes patients with 1 lesion 95 cm and
≤8 cm, those with 2–3 lesions each G5 cm and total diameter ≤ 8 cm,
and those with 4–5 lesions each G3 cm with total diameter ≤ 8 cm.
Patients must complete locoregional therapy and subsequently meet
requirements for T2 HCC. Similar to the mandatory 6-month waiting
period, this policy change aims to select patients with good tumor
biology and lower risk of post-transplant recurrence.

Summary

LT plays an important role in the management of patients with HCC,
providing the best opportunity for long-term recurrence-free survival.
However, given increasing time on transplant waiting lists and a short-
age of donor grafts, LT should be reserved for patients who achieve
significant benefit compared to non-transplant therapies. We have
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Fig. 1. Proposed algorithm for liver transplantation in patients with hepatocellular carcinoma.
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proposed an algorithm with recommended treatments for patients with
HCC in Fig. 1.

There have been recent changes in UNOS policy to aid in the selec-
tion of patients who derive most benefit from LT. The most recently
implemented change in UNOS policy mandates a 6-month observation
period prior to priority listing and instituted a cap of 34 MELD excep-
tion points. Two proposed changes to the MELD exception policy cur-
rently under consideration include requiring locoregional therapy for
those with small (2–3 cm) unifocal HCC prior to applying for exception
points and allowing downstaging for select patients with lesions ex-
ceeding Milan criteria. These policies signify a change in philosophy of
moving beyond tumor burden, which is insufficiently predictive of post-
transplant outcomes, to assessing markers of tumor biology to select
those who have the lowest risk of post-transplant recurrence and best
chance of long-term post-transplant survival. Doing so should maximize
LT benefit in HCC patients while promoting the more equitable alloca-
tion of a limited supply of donor organs between HCC and non-HCC
patients on the waiting list.
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