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Hepatocellular carcinoma (HCC) is the fifth most common

malignancy in the world and is associated with the third

highest number of cancer-related deaths [1]. Surgical

curative treatments for HCC include complete tumor

resection and liver transplantation (LT). The LT offers the

potential advantage of removing both the tumor and the

organ at risk for developing future malignancies [2].

However, although LT is a widely accepted treatment for

HCC, the basis for transplant selection can still be

controversial.

The famous Milan criteria described in the landmark

paper by Mazzaferro et al. [3] demonstrated that in patients

with cirrhosis and a single tumor up to 5 cm, or up to 3

lesions none larger than 3 cm, and with no evidence of

extrahepatic spread or macrovascular invasion, the 4-year

actuarial and recurrence-free survival rates were 75 and

83%, respectively. Milan criteria were rapidly established

as the standard for transplantation and were introduced to

clinical practice. Despite being validated by many studies,

some believed that the Milan criteria were too restrictive

and excluded a subset of patients with HCC who could

have excellent outcomes if they were transplanted [4]. Yao

et al. [5] further expanded the selection criteria and pro-

posed the University of California at San Francisco (UCSF)

criteria (a single tumor nodule with a diameter of up to

6.5 cm or 3 or fewer tumors, the largest of which has a

diameter of 4.5 cm with the sum of the tumor diameters not

more than 8 cm, and without extrahepatic metastasis) on

the basis of preoperative imaging findings with survival

rates of 90% at 1 year and 75.2% at 5 years.

Currently, however, there is no international consensus

regarding these approaches in clinical practice. Following

the thought-provoking findings of UCSF’s study, other

groups have also ventured into pushing the limits set by the

Milan criteria without compromising overall patient sur-

vival and HCC recurrence rate. Mazzaferro et al. [6] sug-

gested the replacement of their strict Milan criteria with the

use of the ‘‘up-to-seven’’ criteria, where the seven refers to

the sum of the largest tumor in centimeters and the number

of tumor nodules. In their retrospective survey of over

1,000 patients, the authors showed that a group of patients

who had survival rates similar to those transplanted within

the Milan criteria could be identified by the use of this ‘‘up-

to-seven’’ rule.

It is unlikely that the size and number of tumors reflect

more than a marker for tumor biology and it is widely

accepted that they are poor surrogates for the likelihood of

the transplant ‘‘curing’’ the patient, but serological,

molecular, or histological biomarkers are not yet suffi-

ciently established to form a robust basis for treatment

decisions [7]. Hence the challenge is to decide which his-

topathologic features, other than size and number, may

better assess the biological behavior of HCC in these

transplant recipients and add to the prognostic value.

Microvascular invasion, defined as microscopic tumor

invasion in smaller intrahepatic vessels, was stressed as a

poor prognostic factor of liver resection (LR) and LT in

several studies [8–10]; however, this was not clear in other

reports [5, 11]. It would be useful to clarify the significance

of microvascular invasion for lesions within the ‘‘up-to-7

criteria.’’ The study by Chan et al., reported in this issue of

Hepatology International, investigated how significant

microvascular invasion is compromising the long-term

survival of LT recipients, regardless of whether a deceased

donor graft or a living donor graft was used and also
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explored the survival benefits of primary LT over LR for

patients with resectable HCC with or without microvas-

cular invasion. The authors reported that the superiority of

the 5-year disease-free survival rate of LT recipients versus

LR patients was most remarkable in the presence of

microvascular invasion. They found practically no differ-

ence between the overall and disease-free survival rates of

LT recipients with HCC within the ‘‘up-to-seven’’ criteria,

irrespective of whether the patients had vascular invasion.

In their conclusion, primary LT for HCC with microvas-

cular invasion and within the ‘‘up-to-seven’’ criteria dou-

bled the chance of cure as compared with LR.

Further this study proposes expansion of the criteria for

transplantation for HCC. From the technical standpoint,

few aspects should be considered. This study is retro-

spective and is limited by the small number of the patients

in each category. Only 15 patients were within the ‘‘up-to-

seven’’ criteria with microvascular invasion, which is not

enough to provide strong significant results especially

when the results are contradictory with the series of Maz-

zaferro where the 5-year survival of those with vascular

invasion was decreased to 47%. Chan et al. did not clearly

define the degree of differentiation in those 15 patients with

microvascular invasion. Although, tumor grade correlates

with microvascular invasion, nevertheless, it could still be

observed in patients with well-differentiated tumors (25%).

Hence, is application of this ‘‘up-to-seven criteria with

microvascular invasion’’ limited to well-differentiated

tumors?

The encouraging results in this extended criteria study

by Chan et al. stimulate confirmation in future studies.

Further pooling or accumulation of data from multiple

centers will empower the study to draw a stronger con-

clusion before these criteria can be widely recommended in

practice. Furthermore, the underlying etiology in over 85%

of the patients in this study was hepatitis B. It would be

interesting to recruit patients from Western and Egyptian

centers to help in clarifying whether the finding from this

study would be applicable to regions with a higher per-

centage of patients with hepatitis C. It is difficult to

determine microvascular invasion pretransplant. Chan et al.

based their analysis on data from the explanted liver rather

than on pretransplant imaging, but they demonstrated that

positron emission tomography (PET) showed a good cor-

relation between increased (18)F-FDG uptake and micro-

vascular invasion. This predictive value of PET was also

previously reported by Kornberg et al. [12]. Confirming

this information will be crucial as, indeed, risk stratification

using a predictive model for post-LT HCC recurrence

based on pre-LT imaging will help to guide candidate

selection using these expanded criteria.

During the last two decades, operative mortality and

surgical outcome of LT for HCC has improved. Prevention

of tumor recurrence remains one of the most challenging

tasks in current hepatology. Studies continue to explore

expanding the Milan criteria. If the results of Chan et al.

are confirmed in prospective multicenter studies, the ‘‘up-

to-seven irrespective of microvascular invasion criteria’’

reported will be undoubtedly of use to the clinician. With

livers being a scarce resource and several competing

indications, this study is of interest as it helps to pinpoint

those outside the Milan criteria who might benefit from

liver transplant.
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