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Hepatocellular carcinoma (HCC) is an aggressive 
malignancy that arises in chronic liver disease. It is currently 
responsible for over 695,000 deaths internationally every 
year and its incidence continues to rise as liver cirrhosis 
and its complications persist as major health problems 
worldwide (1,2). Liver transplantation is considered a 
potential cure for HCC because it removes both the tumor 
and diseased liver at risk of malignant transformation. 
Initially results from liver transplantation for HCC, 
however, were disappointing due to high post-operative 
mortality rates, recurrence rates of up to 80%, and poor 
long-term survival (3,4). It gradually became apparent that 
successful liver transplantation for HCC was dependent on 
careful selection of patients with limited disease (5). 

The Milan criteria developed by Mazzaferro et al.’s pivotal 
study in 1996 demonstrated that survival among patients 
with early HCC who underwent liver transplantation could 
be comparable to survival among patients transplanted 
for other reasons (6). Early HCC was determined to be a 
single lesion ≤5 cm or three lesions all smaller than 3 cm, 
no evidence of gross vascular invasion, and no regional 
nodal or distant metastases (6). Liver transplantation for 
patients within the Milan criteria have yielded a five year 
survival rate >70% and recurrence rates of 13.5-17% (7). 
Thus, hepatocellular carcinoma now accounts for 19% of 
liver transplants in the United States annually. Given the 
shortage of deceased donor organs and increasing demand, 
however, there is now a smoldering controversy over 
the appropriate use of liver transplantation for HCC (8). 
There are currently no standardized or validated methods 
for tumor burden control while on the transplant waiting 
list, surveillance of HCC recurrence post-transplantation, 

use of living donors in transplantation for HCC, or 
immunosuppression in the setting of HCC. Furthermore, 
there is minimal data regarding cost-effective strategies to 
address these issues, which incur significant expense upon 
an already taxed healthcare system (9). 

Within this context, Clavien et al.’s review in the January 
2012 issue of Lancet Oncology on liver transplantation for 
hepatocellular carcinoma is of particular interest. Clavien 
et al. explore these issues in depth and provide specific 
evidence-based recommendations made by an international 
committee of experts. On December 2-4, 2010, with the 
support of ten international hepatology and transplantation 
societies, a consensus conference was held in Zurich, 
Switzerland. The goal was to establish evidence-based 
guidelines for liver transplantation in patients with HCC, to 
guide liver transplantation programs in their allocations and 
management of patients pre and post-transplantation. The 
organizing committee determined key topics and appointed 
19 working groups of 4-6 experts to review the evidence 
available on Pubmed, Embase, Scopus and Cochrane. 
The experts were selected based on their scientific and 
clinical merits and drafted recommendations based on 
their literature review. These drafts are publicly available 
as supplements through Liver Transplantation (10). The 
chair of each working group gave a 15-minute presentation 
on their topic and allowed for questions and debate from 
an audience of 300 participants from five continents. 
An anonymous audience poll was obtained to determine 
strength of consensus. Finally, a nine-member jury finalized 
the recommendations, assigning a level of evidence and 
strength of evidence grade to each. The review published 
in Lancet Oncology was prepared by members of the 
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organizing committee and circulated among all the working 
groups to ensure accuracy and consensus.

The international consensus conference reports 37 
evidence-based guidelines that encompass the following 
areas: assessment of candidates with HCC for liver 
transplantation, criteria for listing cirrhotic candidates 
with HCC, criteria for listing non-cirrhotic candidates 
with HCC, role of downstaging, managing patients on the 
waiting list, role of live donor liver transplantation and post-
transplant management. Clavien et al. review each guideline, 
referencing the major studies utilized to help formulate the 
recommendation. Preliminary data from certain studies, 
which were not incorporated into the recommendations, are 
also discussed.

HCC needs to be staged as accurately as possible, 
to predict risk of recurrence post-transplantation and 
determine the most appropriate treatment option. There 
are currently several staging systems available, including 
the Barcelona Clinic Liver Cancer (BCLC) staging system, 
Tumor Node Metastasis (TNM) system, Cancer of the 
Liver Italian Program and Japan Integrated Staging Score. 
However, there is currently no internationally accepted 
system (11). Thus, the international consensus conference 
determined that the evidence was strongest for using 
the BCLC staging to determine prognosis prior to liver 
transplantation, while the TNM system, which incorporates 
explant pathology, is best utilized to determine prognosis 
post-transplant. The BCLC staging system also has the 
benefit of linking prognosis to treatment recommendations. 
For tumors greater than 1 cm in size, dynamic CT or MRI 
demonstrating arterial enhancement followed by washout 
on portal venous or delayed imaging was felt to be the 
best non-invasive means of diagnosing and staging HCC 
pre-operatively. Extrahepatic staging should also include 
CT scan of the chest and either CT scan or MRI of the 
pelvis. Because of these advances in imaging technology, 
liver biopsy is no longer required in the HCC work-up. A 
positive tumor biopsy rules in the diagnosis but a negative 
biopsy raises unanswered questions; the procedure itself 
risks tumor seeding along the needle track (12).

Due to the limited supply of deceased donor livers 
internationally, fair allocation has raised moral/ethical, 
medical and even economical questions. The goal is 
ultimately to justly distribute this limited resource in a 
way that benefits the most individuals, provides collective 
benefit, and minimizes consequences for other potential 
recipients still on the waiting list (13). Thus, the Milan 
criteria was still felt to be the best standard for selecting 

HCC patients for liver transplantation, with allowance for 
expanded criteria acceptance for transplant determined on 
a program by program basis (6). Alpha-fetoprotein may 
be used in combination with imaging to guide decision 
making; however the reviewers felt strongly that there is 
insufficient evidence to recommend biomarkers other than 
alpha-fetoprotein be used in clinical decision-making (14). 
As microvascular invasion cannot be detected prior to liver 
transplantation, the reviewers strongly recommended against 
relying on it to determine candidacy for transplant (14). The 
Milan criteria are not applicable to non-cirrhotics with 
HCC (15).

Downs tag ing  u s ing  reg iona l  therapy  such  a s 
radiofrequency ablation, trans-arterial chemoembolization, or 
liver resection aims to decrease tumor burden so that patients 
outside of the Milan criteria have a chance of qualifying 
for MELD exception points. Upon literature review, the 
international consensus conference felt that successfully 
downstaging tumor size or number of viable tumors generally 
achieves five-year transplantation survival comparable to 
that of HCC patients who did not require downstaging to 
meet liver transplantation criteria (16). There is, however, 
currently not enough evidence to recommend any specific 
downstaging therapy over the others (16).

Waiting lists for organ donation are inherently 
dynamic, as patients clinically improve or worsen. Thus, 
the international consensus conference recommended 
periodic monitoring of waiting lists via imaging and alpha-
fetoprotein measurements. Understandably, there is good 
evidence to suggest that patients who have progressed 
beyond liver transplantation criteria should be placed on 
hold and considered for downstaging, with ultimate removal 
from the waiting list if no longer candidates (17).

Standardized guidelines for post-transplant surveillance 
of HCC recurrence after liver transplantation are lacking, 
perhaps due to the relative rarity of recurrence (18). 
The international consensus committee was only able to 
weakly recommend, upon review of the evidence, that 
patients undergo contrast CT or MRI imaging plus alpha-
fetoprotein measurements 6-12 months post-operatively (9). 
Furthermore, there is inadequate evidence to recommend 
any specific immunosuppression regimen or adjuvant 
antitumor therapy to decrease the chances of HCC 
recurrence. The primary consensus was that recurrence is 
best treated with regional therapy or sorafenib, and that 
liver re-transplantation would not be appropriate (19).

Clavien et al.’s review of recent international consensus 
is comprehensive and useful, but care must be taken in 
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interpretation of these recommendations. They raise the 
question of whether international guidelines are feasible 
given significant regional variability. It should be noted that 
of the 37 guidelines, the level of evidence for fourteen were 
based on case series/expert opinions and the strength of 
recommendation for fifteen were weak. The international 
consensus  conference a lso yie lded some obvious 
recommendations, such as patients who fall outside of Milan 
criteria should not be transplanted. Other recommendations 
were vague and subjective (ex: liver donor transplants 
should only occur at centers of excellence). Furthermore, 
can these guidelines be effectively disseminated? Knowledge 
translation in healthcare is important but often challenging (20). 
It has been two years since these international consensus 
guidelines were released and how widely they have been 
accepted remains subjective and debatable.

Nevertheless, this review highlights the central role of 
expert discussion and consensus – working in combination 
with evidence-based medicine – to guide better care for 
complex patients. Clavien et al. address for the first time 
some controversial topics surrounding liver transplantation 
in a collegial and academic approach. The recommendations 
are helpful in that they were deliberately phrased flexibly 
while still providing data-supported, expert guidance. 
This permits adjustments by programs based on their 
regional circumstances, team experiences and the unique 
characteristics of local waiting lists, donor organ availabilities.

Clavien et al. raise intriguing questions with respect 
to liver transplantation that need to be more carefully 
evaluated. Although the number of weak and non-applicable 
recommendations was high, this highlights areas that need 
further research. This review will potentially stimulate 
future exploration into areas such as microvascular invasion, 
liver tumor markers beyond alpha-fetoprotein, specific 
downstaging therapies, and ideal surveillance intervals. The 
recommendations made by the international consensus 
conference are an encouraging step in the right direction 
and will hopefully spark the development of more effective 
guidelines as well as treatment options to optimize our 
approach to HCC.
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