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Abstract: Selection criteria of patients with hepatocellular carcinoma (HCC) for liver transplantation
(LT) have been progressively expanded since the introduction of the Milan criteria. Transplanting patients
with unfavourable tumor characteristics increases the risk of tumor recurrence and impacts post-transplant
survival. Although tumor number and size are the basis of widely accepted selection criteria and correlate
with tumor grading and microvascular invasion, stronger predictors of tumor recurrence have been recently
identified. These surrogates of aggressive tumor biology include non-response to pre-transplant treatment,
rapid recurrence within the first months after treatment, increased alpha-fetoprotein (AFP) concentrations,
"F-FDG positron emission tomography (PET) positive HCCs and poor differentiation and microvascular
invasion in histology. The presence of any of these risk factors significantly increases the risk of tumor
recurrence in patients within and beyond the Milan criteria. Especially the combination of two or more of
these factors is associated with an inacceptably high recurrence risk and can render LT oncologically futile
even in patients not exceeding the Milan criteria. In contrast, in absence of these risk factors also patients
exceeding expanded selection criteria may undergo LT with low recurrence risk and favourable post-
transplant outcome. In selected cases this may even be applicable to patients with macrovascular invasion,
who are conventionally excluded from LT. The main focus of this article is to review LT for HCC in the

light of recurrence rates and to explore at what tumor stage transplantation becomes futile.
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Introduction

Liver transplantation (LT) in patients with “early stage”
hepatocellular carcinoma (HCC) with a single tumour
<5 cm in diameter or a maximum of three tumours <3 cm
without evidence of vascular invasion (so called Milan
criteria) is associated with excellent long-term survival rates
reaching over 70% after 5 years (1,2). The implementation
of these selection criteria resulted in the general acceptance
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of LT as a standard treatment in patients with early HCC
but excluded a significant number of patients with more
advanced tumors from a potentially curative treatment.
Although tumor stage within the Milan criteria remains
a prerequisite for prioritizing patients on the waiting
list in United Network for Organ Sharing (UNOS) and
Eurotransplant regions, a large number of patients with
tumors beyond the Milan criteria underwent LT. In fact,
a retrospective study including 1,556 HCC patients in
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36 American, European and one Asian center showed
that 71% of patients underwent LT" despite a tumor stage
exceeding the Milan criteria (3). To balance the possible
benefit of LT for HCC patients exceeding the Milan criteria
against the risk of HCC recurrence and unfavourable post-
transplant survival, two different strategies have been
evaluated: expansion of transplant criteria and downstaging.
Several studies have demonstrated that both strategies can
achieve low tumor recurrence and 5-year survival rates of
over 70% despite (initial) tumor stages exceeding the Milan
criteria (3-13).

The main focus of this article is to review LT for HCC
in the light of recurrence rates and to explore at what
tumor stage L'T" becomes futile. The introduction of the
Milan Criteria more than 20 years ago and the subsequent
progressive expansion of selection criteria marks this critical
appraisal of utility and futility of LT for HCC. Although
tumor number and size, basis of the widely accepted Milan
criteria, correlate with tumor grading and microvascular
invasion, other factors have been identified as equally or
more predictive for tumor recurrence (14). This is especially
true as pre-transplant tumor staging underestimates tumor
burden in up to 23% of patients and its accuracy depends
on the modality of imaging (15). Computed tomography
(CT) can miss up to one-fifth of HCC lesions that are
detected by subsequent magnetic resonance imaging (16).
The following review discusses broadly available tumor
characteristics that are better indicators of tumor biology
and oncologic futility than just number and size.

Futility rule #1: extrahepatic metastases and
macrovascular invasion

Extrahepatic tumor spread cannot be cured by LT and
represents a clear contraindication to L. Also macrovascular
invasion is considered an absolute contraindication to LT
as it is an independent risk factor for HCC recurrence and
associated with decreased survival (17,18). Hence the Milan
but also extended criteria like the University of California
San Francisco (UCSF) or the up-to-seven criteria exclude
patients with macrovascular invasion (1,3,9). Nevertheless,
this dogma has been questioned recently. In our own
series, 17 patients underwent LT with macrovascular
invasion in pre-LT" imaging of whom 10 survived without
HCC recurrence (18). The 5-year overall survival was
56%. Although absolute numbers were small, none of the
patients with complete response to neoadjuvant treatment
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had HCC recurrence. This “oncologically favourable”
outcome has been recently confirmed by several case
series (19-22). Of a total of 21 patients who underwent LT
with macrovascular invasion, 8 patients developed HCC
recurrence. Overall survival after 5 years was 64% in the
largest series of patients with angioinvasive HCC (20).
Main portal vein invasion was identified as the single most
important risk factor for HCC recurrence, whereas a score
including alpha-fetoprotein (AFP) and protein induced
by vitamin K absence/antagonist-I1I (PIVKA-II) was
predictive for recurrence free survival. Although evidence of
macrovascular invasion should still be considered a (relative)
contraindication to LT; in selected patients without any
additional risk factors LT may improve survival compared
to palliative treatment. Therefore LT could be considered
especially if a living donor is available or local resources
allow the use of donor organs also for patients with a
survival chance below that normally assumed for high
quality transplant programs.

Futility rule #2: progressive disease despite
(locoregional) therapy [at least in tumor stages
beyond Milan/Barcelona Clinic Liver-Cancer
(BCLC) A] and too short waiting periods

Prospective trials have shown that selected patients with
a tumor burden exceeding the Milan and even the UCSF
criteria can undergo LT with a recurrence risk and a 5-year
survival comparable to patients initially presenting within
the Milan criteria if they are successfully downstaged
(7,10). In these trials, maximum tumor size for inclusion
in downstaging protocols was limited and a recurrence
free period of at least 3 months was mandatory before LT
listing. In contrast, LT despite failure to downstaging is
associated with an increased risk of recurrence. Data from
patients with BCLC stage B and C show that progressive
disease despite locoregional therapy is associated with
an about 5-fold increase in recurrence rate (18). When
also BCLC 0 and BCLC A patients were included in the
analysis, 5-year overall survival was 62% in patients with
progressive disease compared to 87% in patients with
complete remission. In another recent study in patients
transplanted beyond the Milan criteria, the recurrence risk
was 4.9-fold higher in those patients with poor response to
locoregional treatment when compared with successfully
downstaged patients (23). The importance of response to
locoregional treatment was further demonstrated by the
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fact that patients within the Milan criteria but progressive
disease according to mRECIST had a worse outcome
comparable to those of the patients with HCC beyond
Milan criteria at both HCC diagnosis and transplantation.
The finding that tumor progression on the waiting list is a
strong predictor of HCC recurrence even when tumor stage
is within the Milan criteria was confirmed in independent
cohorts (24,25). Response to locoregional treatment can
therefore be considered a surrogate of tumor biology,
because patients without response are more likely to exhibit
poorly differentiated tumors and microvascular invasion—
both important predictors of recurrence (see futility rule #3)
(18,23).

"To identify patients with aggressive and thus unfavourable
tumor biology, the time interval between treatment and
recurrence is crucial. Recurrence within the first 8-12 months
after liver resection is an independent risk factor for
recurrence after subsequent salvage transplantation (26,27).
In contrast, longer recurrence free intervals after pre-LT
treatment select patients with a low post-LT recurrence
risk. In a large analysis of >5,000 HCC patients in the
UNOS region those who remained on the waiting list
without recurrence for >120 days had a 40% reduced risk
of post-LT recurrence compared to those with a shorter
waiting time (28). This “sweet spot” of 6-18 months waiting
time has also been demonstrated by a very recent study (29).
Another analysis of UNOS data showed that a higher
MELD score at LT was independently associated with
lower post-L'T" mortality in HCC patients but with a higher
mortality in non-HCC patients (30). In HCC patients,
higher (exceptional) MELD scores indicate a longer waiting
time whereas in non-HCC patients, higher MELD scores
indicate more severely ill patients. Finally, post-L'T" outcome
has been shown to be better in regions with long waiting
times (median 7.6 months) compared to regions with short
waiting times (median 1.6 months) despite patients in long
waiting time regions were more likely to have larger tumors
at listing and to receive expanded-criteria grafts (31). All
these data suggest that expediting patients with HCC to
transplant at a too fast rate may prevent the identification
of rapidly progressing tumors with aggressive biology
and therefore adversely affect patient outcomes. Hence
the latest revision of the UNOS policy has introduced a
mandatory 6-month waiting period prior to the application
of MELD exception points to facilitate selection of patients
with good tumor biology and to lower the risk of post-
transplant recurrence (32).

© Translational Gastroenterology and Hepatology. All rights reserved.

Page 3 of 8

Futility rule #3: presence of microvascular
invasion or poor histologic differentiation

Tumor biology is the most important predictor of HCC
recurrence risk where aggressive biology is indicated
by poor histologic differentiation and microvascular
invasion. Both are long known as strong predictors of
HCC recurrence. Microvascular invasion doubled the
hazard of death with a post-L'I" 5-year overall survival rate
of 64% and 33% depending on the absence or presence
of microvascular invasion in patients outside the up-
to seven criteria (3). Microvascular invasion and tumor
differentiation independently predicted HCC recurrence
and their absence or presence stratified patients beyond the
up-to-seven criteria in subgroups with lower (recurrence
rate =24%) and higher (recurrence rate =45%) risk (33).
Numerous more recent studies have confirmed that poor
differentiation and microvascular invasion are associated
with recurrence in patients within and beyond various
transplant criteria (18,34-38). Conversely, the absence of
these risk factors may justify LT also in patients with large
HCC as shown by the Toronto experience. The Extended
Toronto Criteria allow LT for patients with any number
and any size of HCC lesions provided no evidence exists for
vascular invasion or extrahepatic disease, no cancer-related
constitutional symptoms are observed, and a targeted biopsy
of the largest lesion does not show poor differentiation (39).
Two studies evaluated these criteria in patients exceeding
the Milan criteria and in patients exceeding the UCSF
criteria and found 5-year overall survival rates of 69% and
66%, respectively, which was not significantly lower than in
patients within the Milan criteria (39,40).

Futility rule #4: (persistently) increased AFP

Histology to assess tumor grading and microvascular
invasion is not always available. And even if a biopsy is
performed, microvascular invasion can be missed and tumor
grading may not be uniformly across all lesions in patients
with multilocular HCC. Therefore AFP is a well-established
surrogate of tumor biology as it correlates with histologic
grading and vascular invasion (14,41-43). Not surprisingly,
a large number of studies have highlighted the importance
of increased AFP values for the recurrence risk after LT
(3,23,25-27,39,41-48). It is important to note that increased
AFP values are not only a risk factor in patients beyond but
also in patients within the Milan criteria. A study including
>200 HCC patients within the Milan criteria showed a
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S-year recurrence-free survival of 53% for patients with an
AFP >1,000 ng/mL and of 80% for patients with an AFP
<1,000 ng/mL (43). Applying an AFP level >1,000 ng/mL
as a cut-off would have resulted in the exclusion of only
4.7% of the patients from LT but a 20% reduction in HCC
recurrence. Furthermore, AFP should not be seen as a static
variable. Especially when locoregional therapies are applied,
AFP dynamics can stratify different risk populations. In
a large cohort of nearly 7,000 patients with HCC listed
for LT, patients with AFP levels >400 ng/mL at the time
of listing who were downstaged to AFP <400 ng/mL had
better intent-to-treat survival than patients failing to reduce
and comparable survival to patients with AFP continuously
<400 ng/mL (48). Similar results have been reproduced in
a smaller, more recent study where a cut-off of 100 ng/mL
was applied in a cohort that included also patients exceeding
the UCSF and the up-to-seven criteria (41). Patients with
an AFP persistently <100 ng/mL and those with initially
high AFP dropping to <100 ng/mL before LT had a 5-year
recurrence-free survival of 97-100%, whereas those with
rising or persistently increased AFP had survival rates of
75% and 38%, respectively. This stratification was seen
both in patients within and beyond the Milan criteria.

Although these studies confirm the role of AFP in risk
stratification, they also illustrate the main problem when
considering AFP as a possible exclusion criterion for LT
there is no consensual cut-off that can be universally applied
to all cohorts. Even more, cut-offs may vary according to
tumor stage. In an improved prognostic model including AFP,
tumor number and size two different cut-offs distinguished
recurrence risk according to the Milan status (42). In
patients within the Milan criteria, an AFP >1,000 ng/mL
identified patients with a 5-year risk of recurrence of 37%.
For patients exceeding Milan criteria, the cut-off was
>100 ng/mL and associated with a 5-year recurrence risk of
48%. Patients with an AFP below the respective cut-off had
a low recurrence risk <15% in both subgroups.

Taken together, a markedly increased AFP concentration
should be considered a contraindication to LI This should
not only apply to patients undergoing downstaging protocols
or to patients included in extended criteria, but also to
patients within the Milan criteria. The challenge remains to
define an exact cut-off that excludes patients from LT

Futility rule #5: positive positron emission

tomography (PET)
Similar to AFP, functional imaging with "F-FDG PET/
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CT is a non-invasive surrogate of tumor biology. Increased
"F-FDG uptake on PET is correlated with higher AFP
concentrations, larger tumor size, poor differentiation and
microvascular invasion (49-52). In a study correlating results
from histological evaluation and PET imaging, a high level
of "F-FDG accumulation showed a sensitivity of 84.1% and
a specificity of 75.0% for distinguishing between well- and
poorly differentiated HCC (53). Hence it is not surprising
that PET imaging can predict the risk of HCC recurrence
after L'I" Several studies found an increased recurrence risk
in patients with PET positive HCC lesions (46,50,51). Two
of these studies demonstrated that patients exceeding the
Milan criteria but were PET negative had a comparable
5-year overall and recurrence free survival to patients within
the Milan criteria (50,51). The predictive power of pre-
LT PET examination could be increased by combination
with serum AFP concentrations in a recent study including
123 patients within and beyond the Milan criteria (46).
For PET imaging the cut-off was a ratio of 1:1.1 between
maximum uptake of normal liver and maximum uptake of
tumor and for AFP the cut-off of was set at 200 ng/mL.
Three risk groups were defined: low risk with negative
PET and negative AFP, intermediate risk with either PET
or AFP positive and high risk with both positive. The high
risk group had a dismal 5-year recurrence free survival
both in Milan in and Milan out patients with 17% and 0%,
respectively. The superiority of tumor biology (PET and
AFP) compared to tumor morphology (Milan criteria) in
prediction of recurrence risk was depicted by the hazard
ratios. Whereas the hazard yielded by the use of Milan
criteria was 1.35, the hazard ratio of the biologically high
risk group compared to the low risk group was 29.06. The
data from these studies demonstrate that *F-FDG is a
valuable tool in patient selection for L'T. Whereas PET
negativity may encourage LT in patients beyond classic
selection criteria, PET positivity should be regarded as a
contraindication especially when accompanied by further
risk factors like positive AFP.

Futility rule #6: do not transplant when multiple
risk factors are present

As indicated by the above mentioned study combining PET
results and AFP levels, the combination of additional risk
factors is associated with a sharp increase of recurrence rates
and dismal prognosis after L'T. The impact of additive risk
factors has been nicely demonstrated by two recent studies.
In the first study that included patients undergoing salvage
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recurrence risk

BCLC (very) early stage
(1 nodules5cmor<3
nodules < 3 cm without
macrovascular invasion
and metastases)

BCLC early stage and one
risk factor*

*risk factors:

* microvascular invasion

or * poor differentiation

* increased AFP without
decrease after therapy

* positive in 18F-FDG PET

* non-response to
locoregional therapy

« early recurrence within
3-6 months after therapy

BCLC Intermediate stage
(beyond early stage without
macrovascular invasion and

without metastases)

AND without any risk factor*

proceed to liver
transplantation

BCLC intermediate stage
and one risk factor*

BCLC advanced stage with
metastases or risk factors*

BCLC advanced stage with
(peripheral) macrovascular

any BCLC stage with
multiple risk factors*

invasion but without metastases

and without risk factors*

liver transplantation
may be considered in
selected cases

no liver transplantation
due to oncologic futility

Figure 1 A proposed algorithm for selection of patients for liver transplantation based on the BCLC tumor stage and on risk factors

indicating unfavourable tumor biology. BCLC, Barcelona clinic liver cancer; AFP, alpha-fetoprotein; PET, positron emission tomography.

LT after resection, microvascular invasion at the time of
liver resection, a time interval to post-resection HCC
recurrence of <12 months, an AFP level at LT >200 ng/mL,
and having undergone LT outside of the UCSF criteria
were independent risk factors for HCC recurrence after
LT. Patients with no more than one risk factor had a 5-year
recurrence-free survival rate of 71% compared to 16% in
patients with two or more risk factors (27). The results of
the second study, which only included patients within the
Milan criteria undergoing liver resection or living-donor
LT, were even more striking. Risk factors accounted for
included tumor differentiation, microvascular invasion,
AFP >200 ng/mL and a tumor size >3 cm. Patients without
or with only one risk factor had a significantly lower HCC
recurrence rate after LT compared to patients undergoing
resection at similar 3-year overall survival. In patients with
two or more risk factors, recurrence rates after I'T" were not
better than after resection and reached up to 75% at 3 years.
Notably, overall survival after LT was significantly worse
compared to resection in these high risk patients (54).
Given the large amount of available evidence, LT may
be futile both from a transplant and an oncological point
of view when unfavorable biological characteristics are
present even in patients that would be eligible for T when
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only morphological criteria were applied. Figure 1 shows a
proposed algorithm for risk stratification based on tumor
morphology and biology.

Conclusions

Tumor biology is the most important determinant of post-
transplant tumor recurrence and survival. Selection criteria
mainly based on tumor size and number insufficiently reflect
tumor biology and are not ideally suited to define oncologic
futility in the setting of L'T" for HCC. Vascular invasion on
pre-LT imaging, progression despite locoregional therapy,
increased AFP and positivity in "*F-FDG PET as well as
the two histologic hallmarks of aggressive tumor behaviour,
poor differentiation and microscopic vascular invasion, may
be the better surrogates of an unfavourable tumor biology
and a dismal outcome after L'T. Especially the combination
of risk factors poses a high recurrence risk and can render
LT oncologically futile even in patients who would be
eligible for transplantation according to morphology-based
criteria like the Milan, UCSF or up-to-seven criteria. In
contrast, patients exceeding these criteria can undergo LT
without increased risk of recurrence if no other risk factors
are present.
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