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Abstract
Since the Milan Criteria (MC) were adopted in many countries as the allocation policy criteria for patients with 
hepatocellular carcinoma to be transplanted, many groups started to expand it to provide a chance for patients 
with tumors outside the MC who could achieve similar survival rates. With the scarcity of deceased donors, 
Asian countries improved the results with living donor liver transplantation, allowing patients outside MC to be 
transplanted with a living donor. Newer prognostic models and a more profound understanding of tumor behavior 
are targeting better patient selection. Currently, patients are unevenly selected for liver transplantation and mostly 
separated into those fulfilling the MC and transplanted with a deceased donor and those with expanded criteria 
and transplanted with a living donor. In this paper, insight is brought into this debate.
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Liver transplantation (LT) is considered a curative treatment for patients with hepatocellular carcinoma 
(HCC) not amenable to surgical resection or ablative curative therapies. HCC was the indication for LT in 
20.4% of the recipients in the USA in 2018[1], 14.4% in Europe[2] and 7.6% and 19% for patients transplanted 
with deceased donors and living donors, respectively, in Japan[2].

To provide a real chance for these patients to be transplanted with a deceased donor, exception points 
(outside the MELD score) have been given all over the world. However, in countries with organ shortage, 
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living donor liver transplantation (LDLT) has progressively expanded as the best alternative for such 
patients. In Asian countries, it is the most prevalent form of LT - 95% of LT in Japan[2] as opposed to 4.4% in 
the USA[1], with excellent outcomes in both recipients and donors[3,4]. Certainly, donor safety is an ongoing 
concern, as a healthy individual will undergo a major surgical procedure. However, current morbidity and 
mortality rates following living liver donation have been reported to be 15%-25% and 0.5%, respectively[5]. 
Driven by these results, the indications for LDLT in HCC patients were gradually expanded. The premise 
was that the survival benefit potentially achieved for those patients, within these expanded criteria, would 
not compromise the liver transplant allocation policy.

The inclusion criteria for HCC patients has dominated the scientific debate in the last years. Decades ago, 
the results from Mazzafero’s group helped establish criteria to indicate LT for patients with HCC. The 
so-called Milan Criteria (MC) (single tumor ≤ 5 cm, or less than 3 tumors ≤ 3 cm without major vessel 
involvement) reported a post-LT 4-year survival of 75% for patients meeting these criteria[6]. This expected 
survival was comparable to that of patients transplanted for other indications, justifying organ allocation 
for patients with HCC.

However, several centers around the world considered the MC to be too strict, possibly excluding patients 
that still could benefit from LT. The University of California San Francisco expanded the criteria to a single 
nodule with a maximum diameter of 65 mm, or two or three tumors, each with a maximum diameter of 
45 mm, and a sum tumor diameter ≤ 80 mm, with a 5-year survival rate of 75%[7]. Also achieving a similar 
survival (71.2%), came the up-to-seven criteria [the total of the size of the largest tumor (in cm) and the 
number of tumors no larger than 7][8], among others[9].

According to cultural and religious particularities, deceased donor liver transplantation (DDLT) is 
precluded, or rarely performed in some Eastern countries. In that scenario, centers developed criteria to 
indicate LDLT for HCC patients. Tokyo has implemented the 5-5 rule (up to five nodules with a maximum 
diameter of 5 cm), with an overall 5-years survival rate of 75%[10]. The South Korea criteria expanded the 
Tokyo criteria to 6 nodules, with a 5-year survival rate of 76.3%[3]. Choi et al.[11] expanded the criteria for 
LDLT even more (up to seven tumors with the greatest diameter ≤ 70 mm) reporting a 5-year survival rate 
of 72%.

Going further, it did not seem logical to restrict the indications only to size and number of nodules without 
considering the biological behavior of the tumor. Alpha-fetoprotein (AFP) level was included in a couple 
of studies, with different cutoff values - less than 400 ng/mL, or less than 1000 ng/mL - and were associated 
with tumor number or diameter[12]. Shimamura et al.[10] included AFP levels to select patients for LDLT, 
calling the 5-5-500 criteria (tumor size ≤ 5 cm diameter, ≤ 5 nodules, AFP ≤ 500 ng/mL), and achieved a 
5-year recurrence-free survival of 90%.

Other markers are recently being included, such as des-gamma-carboxy prothrombin (DCP), also called 
protein induced by vitamin K absence or antagonist II. This marker was also associated with the presence 
of microvascular invasion[3]. DCP measurement was included in the Kyoto group LDLT criteria (the 
number of HCC nodules up to ten in addition to the largest diameter ≤ 5 cm and serum DCP level ≤ 
400 mAU/mL). The 5-year disease-free and overall survival rates were 93 and 82%, respectively[13]. In the 
same direction, Taketomi et al.[14] included all HCCs with a diameter of ≤ 5 cm and DCP < 300 mAU/mL, 
achieving a 5-year recurrence-free survival rate of 80%. Both Hangzhou and Toronto groups included the 
HCC biopsy result in their selection criteria[12]. 

The MoRAL score was developed in Korea to predict HCC recurrence after LDLT, and includes serum 
tumor markers, AFP and DCP. The MoRAL score has a high predictive power for tumor recurrence in 
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patients transplanted with LDLT outside MC (c-statistic = 0.8). In fact, patients within MC and with high 
MoRAL scores had higher recurrence rates than patients outside MC and with a low MoRAL score[3]. 
When compared to other existent scores, it had the best performance in predicting tumor recurrence after 
LDLT. However, it is important to state that 70%-80% of HCC patients have hepatitis B virus infection in 
South Korea, so it is difficult to expand these results to Western countries, where hepatitis C dominates 
the etiologies for HCC and where most of the transplants are with deceased donors. It would be important 
to validate this model in the West, and for DDLT, to aid in the identification of highly selected patients 
beyond MC, who are at a low risk of tumor recurrence[15].

To predict the risk of death after LT for HCC with DDLT, Mazzafero’s group developed the Metroticket 2.0 
score. They concluded that to achieve a 5-year survival of 70%, AFP levels should be below 200 ng/mL, and 
the sum of number and size (in cm) of tumors should not exceed 7. These values change according to the 
AFP levels, and the prediction of survival after LT for HCC can be calculated online[8].

The role of studying tumor biology (biopsy, tumor markers, tumor behavior) and the presence of 
microvascular invasion, which is a surrogate marker of worse survival[4], could help in patient selection, 
selecting those patients with less aggressive tumors[16]. This approach could expand safely the indications 
for LT, keeping the expected 5-year survival above 70%[3,8].

In contrast to DDLT, recipient selection for LDLT is not limited by organ allocation systems. When the 
first results after LDLT for HCC were published, recurrence rates were higher than with DDLT. Several 
concerns were raised about the influence of liver regeneration and suboptimal oncological resection in 
LDLT, suggesting that it could affect recurrence[17].

Recently, Zhang et al.[18] conducted a meta-analysis comparing recurrence of HCC in patients transplanted 
with liver from living or deceased donors and found a higher recurrence rate of HCC in patients submitted 
to LDLT (HR 1.5). In the selected studies, 5-year recurrence-free survival in DDLT patients was between 
42% and 100%, and with living donors between 61.6% and 89%. Waiting time was shorter for LDLT in the 
majority of the studies, which may be responsible for the higher recurrence rate in LDLT, speculating that 
patients with biologically higher risk tumors were selected. Selecting patients with a more aggressive tumor 
biology for LDLT, an effect of a shorter waiting list time and also expanding the criteria for LDLT are also 
factors that could have an influence on the reported higher recurrence rates in those patients.

Goldaracena et al.[19] tried to answer the question regarding the observed higher recurrence rates in patients 
transplanted using living donors and conducted an intention to treat analysis. The patients were analyzed 
according to their inclusion status in the transplant list, as a potential LDLT (pLDLT) or potential DDLT 
(pDDLT). Patients were included if they fulfilled the Extended Toronto Criteria - total tumor volume ≤ 115 m3 
and AFP ≤ 400 ng/mL, no macrovascular invasion and no extrahepatic disease. The waiting list time was 
significantly shorter for patients listed as pLDLT, with better 5-year survival rates (68% vs. 57%). In the 
multivariate regression analysis, having a living donor available was a protective factor against death (HR 
0.67). The survival benefit appeared to be predominantly in patients whose tumors fulfilled the MC: 70% 
in the pLDLT group and 53% in the pDDLT group. Among patients beyond MC, 5-year survival rates were 
62% for those outside MC in both groups. For those patients actually transplanted with a living donor, 
5-year recurrence-free survival rates were 80% vs. 72% for those actually transplanted with a deceased 
donor.

Results are still conflicting, but HCC recurrence and post-LT survival appear to correlate with biological 
tumor behavior and patient selection rather than if the patient was transplanted with a living or deceased 
donor. Reports from Eastern countries[3,9,13], where the majority of patients are transplanted with living 
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donors and with expanded criteria, show excellent disease-free and overall survivals. Even in the West, 
where there is a predominance of DDLT, the study by Goldaracena et al.[19] showed that having a living 
donor available had a protective effect, even if in the end, the patient is transplanted with a deceased donor.

As already stated, outcomes in LDLT for HCC can be affected by several factors, including time to 
transplant, the possibility to perform the transplant in expanded criteria patients, and the possibility of the 
liver regeneration adversely affecting tumor growth[20].

Because of the limited number of deceased donors particularly in Asian countries, patients beyond MC 
were rarely submitted to DDLT. In the West, however, expanding LDLT can provide an alternative to 
DDLT, allowing many centers to indicate LT for patients beyond MC. Currently, organ allocation systems 
provide exception points for patients with early HCC, with favorable prognosis. As for recipients from 
living donors, organ availability is driven by the living donor. In that case, usually the transplant happens 
when the donor is ready, shortening the waiting time, allowing patients with more aggressive tumors to be 
transplanted. We are dealing with uneven criteria to indicate LT for HCC, defining these criteria not only 
on the basis of individual patient prognosis but by the fact of whether there is a living donor available.

If one looks at the results from more than a decade ago, it would be reasonable to address different selection 
criteria for patients undergoing DDLT or LDLDT. However, on the basis of recent research and a better 
understanding of tumor behavior, the discussion should be “how do we adequately select HCC patients for 
LT?”, rather than to which transplant modality will the patient be submitted (LDLT, DDLT, Split Liver or 
Domino Transplantation).

Future directions are pointing to better patient selection - looking deeper into tumor biological behavior 
and addressing the presence of microvascular invasion, and not indicating LT to patients with aggressive 
tumors with a worse prognosis. It is urgent to validate existing models that predict survival in LDLT 
and DDLT, such as the MoRAL Score[3], including such criteria in the organ allocation policy, currently 
restricted in many countries to the MC of 1996[6]. The practice reported by the Toronto group[19], having the 
same criteria to indicate LT on the basis of patient prognosis, irrespectively if the patient will be assigned a 
living or deceased donor, follows the principle of equality. After being included in the waiting list, if there 
is a living donor available, the better it is for the patient and for the donor pool. If such a policy could 
be embraced by Western countries, perhaps LDLT in the West could reach comparable results as those 
achieved by our Asian fellows.
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