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Hepatocellular carcinoma (HCC) is the third leading

cause of cancer-related deaths worldwide and one of the

leading causes of death in patients with cirrhosis.1 In

appropriately selected patients, orthotopic liver transplan-

tation (OLT) provides 5-year overall survival rates

approaching 70% and is the only therapy that offers both a

cure for the cancer and the underlying liver cirrhosis. Prior

to publication of the Milan criteria by Mazzaferro et al. in

1996, early results of OLT for HCC were dismal due to the

high rate of recurrence and poor overall outcome. Adher-

ence to the Milan criteria, a solitary tumor B5 cm or with

three or less tumors each B3 cm with no evidence of

vascular invasion or extrahepatic metastasis, has led to

excellent post-transplant survival and forms the framework

to award priority for deceased donor allocation in the US

utilizing the model for end-stage liver disease (MELD)

score.2

Although adaptation of the Milan criteria has facilitated

survival rates that approach those of non-HCC patients,

some believe strict adherence to these criteria may preclude

the benefits of OLT from patients with larger tumors. This

has led to the development of several proposals for

expanded transplant criteria, including the University of

California San Francisco (UCSF) and up-to-seven criteria,

whereupon selected patients beyond the Milan criteria

could still be eligible for transplantation.3,4 Although ini-

tially designed based on retrospective pathological explant

data, the UCSF criteria, but not the up-to-seven criteria,

have been validated in studies using a priori pre-transplant

radiographic imaging, with 5-year post-transplantation

survival rates approaching 70%.5 Recently, expanded cri-

teria adding surrogates of tumor biology to tumor size and

number was proposed by the University of Toronto group.

The extended Toronto criteria (ETC) allows OLT for HCC

provided there is no evidence of cancer-related symptoms,

extrahepatic spread, vascular invasion, or poor differenti-

ation on pre-transplant biopsy. Patients who exceeded the

Milan criteria but satisfied the ETC achieved 5-year sur-

vival rates of 70% in the original single-institution

experience, although these results have not yet been

externally validated.6 A follow-up study by the same group

demonstrated that 5-year survival rates for patients outside

of the Milan criteria but within the UCSF criteria and the

ETC were numerically lower but not significantly inferior

than patients within the Milan criteria (68 vs. 76%;

p = 0.07).7

Aravinthan et al., the authors of the original ETC

studies, examined their single institution, retrospective

experience for OLT among 96 patients with HCC outside

the UCSF criteria but within the ETC over a 15-year per-

iod.8 The hypothesis of the authors is that better long-term

survival could be achieved with OLT than locoregional or

systemic therapy options, where historical 3-year survival

rates are approximately 30% and 5-year survival rates are

typically less than 5%.9,10 The authors found OLT afforded

these patients 5-year survival rates of 66% and concluded

OLT is a viable treatment option for patients presenting

with HCC outside of the UCSF criteria but within the ETC.

Although only based on 69 of 96 patients (28% dropout

from the waitlist) who underwent OLT, the overall survival

and dropout rates were similar to other series evaluating

expanded criteria beyond the Milan criteria.
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The main difference between the ETC and other

expanded criteria, including the UCSF and the up-to-seven

criteria, is inclusion of a preoperative biopsy to determine

HCC differentiation as a surrogate of tumor biology. The

degree of differentiation correlates to post-transplant sur-

vival and recurrence rates, with poorly differentiated

tumors faring significantly worse than well or moderately

differentiated tumors.11 This is an important distinction as

tumor burden alone is an imperfect surrogate for tumor

biology, with substantial variation in natural history and

treatment responsiveness observed between patients with

the same degree of tumor burden. However, what is less

clear is the best way to assess tumor biology. Many

markers of tumor biology are currently not available pre-

transplant (e.g. histology), not validated (e.g. circulating

tumor cells), or insufficiently accurate (e.g. a-fetoprotein).

Although the ETC used pre-treatment tumor biopsy to

exclude poorly differentiated tumors from OLT, the fea-

sibility of adopting this approach in a more widespread

fashion is questionable. There may be reluctance among

patients and providers given the risks of bleeding, injury to

other organs, and, most notably, tumor seeding. Even when

performed, HCC displays intratumoral heterogeneity, lim-

iting reliable grading of differentiation by biopsy.12 In fact,

in the current study, nearly 10% of patients initially graded

as well or moderately differentiated tumors on pre-treat-

ment biopsies can be upgraded to poorly differentiated on

final explant histology. Other investigators have also

demonstrated this lack of concordance between pre-treat-

ment grading on biopsy and final HCC grading on larger

post-surgical specimens, calling into question its ability to

reliably and accurately guide patient selection for OLT.12

Beyond the debate between specific criteria, the adop-

tion of expanded criteria for OLT as a general policy poses

a dilemma in the face of limited organ availability. The

persistent shortage of donor organs means the importance

of deriving maximum benefit from this valuable commu-

nity resource has to be taken into account.13 Since the

advent of the MELD allocation system for cadaveric donor

organs, approximately 25% of all liver transplants in the

US are carried out for HCC, despite patients with HCC

accounting for only approximately 10% of patients on the

waiting list.14 Although it is clear that patients with

favorable HCC tumor biology undoubtedly benefit from

OLT compared with locoregional and systemic options, the

adoption of more liberal criteria must be weighed with

harms (decreased organ availability and increased mortal-

ity) for non-HCC patients on the waiting list. The harms of

expanding selection criteria typically outweigh the benefits

when 5-year post-transplant survival rates fall below 61%,

but this is dependent on waitlist times and regional and

local center MELD scores for non-HCC patients in terms

of MELD.15 A major limitation of many of the studies

examining expanded criteria for OLT in HCC patients is

the absence of accounting for waitlist mortality and drop-

out rate for patients without HCC who are in essence

‘competing’ with HCC patients for a scarce resource. Until

this analysis is described in a head-to-head fashion in organ

allocation policies, it is difficult to advocate for an exten-

ded criteria in a vacuum.

By the authors’ own account, widespread adoption of

the ETC would dramatically increase the number of HCC

patients on the waitlist. It is unclear how this increased

demand would be managed and how it would affect those

waiting for transplant without HCC. The authors suggest

increasing the use of living donor liver transplants (LDLT)

could fill the void of increased demand without harming

patients on the waiting list; however, the stable number of

LDLTs performed in the US over the last decade seems to

belie this claim.14

Recent changes in organ allocation policy may render

this dilemma a moot point. A recent United Network for

Organ Sharing (UNOS) policy change also requires a

minimum of 6 months before HCC patients can receive

MELD exception points, with a cap of 35 points. This

change may improve patient selection through observation

of tumor biology following bridging therapy and avoid the

need for biopsy and its associated complications. This

concept has been confirmed in multiple studies where a

shorter waitlist time is associated with worse post-trans-

plant outcomes. This new policy of ‘HCC Cap and Delay’,

which was meant to level the playing field for transplan-

tation of non-HCC patients, will ultimately cause harm to

these patient by increasing the waitlist mortality compared

with HCC patients. The MELD Exceptions and Enhance-

ments Subcommittee is also considering a change to the

MELD exception policy in which patients with tumor

burden exceeding the Milan criteria would be eligible for

inclusion in a downstaging protocol. This includes patients

with one lesion[5 and B8 cm, those with two to three

lesions each\5 cm and total diameter B8 cm, and those

with four to five lesions each\3 cm and total diame-

ter B8 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.

It is clear that the Milan criteria provided a necessary

framework to make liver transplantation for HCC a main-

stream therapy for these patients, and the adoption of more

liberal expanded criteria is now possible. However, the

push beyond the Milan criteria must be tempered by the

greater societal need to allocate a scarce resource to the

majority of patients who need OLT, i.e. those without HCC

who have no viable treatment alternatives. The use of

surrogates to measure tumor biology may allow us to
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accurately select HCC patients who would benefit the most

from OLT regardless of tumor burden. Until this happens,

OLT criteria for HCC should not be expanded.
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