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Despite improvements in therapeutic modalities over the past 
decade hepatocellular carcinoma (HCC) remains the second leading 
cause of cancer related deaths accounting for approximately 700,000 
deaths worldwide each year [1]. HCC is frequently multifocal and arises 
in setting of cirrhosis (>80%) [2], hence surgical resection of HCC with 
curative intent is only feasible in 20-30% of patients at time of diagnosis 
[3]. We have known for years that liver transplantation (LT) is the gold 
standard for HCC therapy in the setting of significant liver disease given 
its oncologic advantage of replacing the organ harboring malignancy 
all while reversing the physiologic liver dysfunction. In 1996 Mazzafero 
et al. demonstrated that by limiting LT to HCC patients with a single 
tumor of ≤ 5 cm, or up to 3 tumor nodules ≤ 3 cm, excellent outcomes 
could be achieved giving rise to the influential Milan Criteria [4]. In 
many parts of the world, great efforts have been made to push the 
envelope, transplanting patients with tumors well outside Milan; yet 
in the United States, we remain stagnant in our behavior. Yao et al. 
created what we now know as the UCSF criteria which includes a single 
tumor ≤ 6.5 cm, or up to three 3 tumor nodules ≤ 4.5 cm with total 
tumor diameter ≤ 8 cm [5]. The Toronto group used tumor biology 
and imaging without any size or number limit for recipient selection 
with excellent oncologic outcomes [6]. These groups, amongst many 
others, demonstrated results rivaling the Milan Criteria; however we 
remain entrenched in the past, relatively unchanged in our behavior 
in the United States despite these excellent outcomes. Meanwhile, we 
continue to live in an era where the physiologic MELD at transplant 
is rising, with patients transplanted from the ICU, on life support 
and increasingly in need of simultaneous liver kidney transplant. This 
ultimately depletes another precious organ resource while patients are 
waiting 6-10 years in some cases on the kidney-alone waitlist.

It remains enigmatic looking at the big picture of liver allocation 
with regards to HCC. We are granting exception to size and number 
of tumor alone but in reality we have increasingly more data to go on. 
Most definitive expression of HCC tumor biology derives from explant 
pathology, with multiple studies demonstrating that microvascular 
invasion and dedifferentiated grading are accurate predictors of HCC 
recurrence [7-9]. We do however recognize these pathologic features are 
not available to most clinicians. Preoperative biopsy is not necessarily 
predictive of ultimate explant pathology and thus should be used with 
caution as recent preliminary data suggests sensitivity and positive 
predictive values of 40% or less. It has been demonstrated that tumor 
grade on preoperative needle core biopsy does not often correlate with 
final explant pathological grade or presence of microvascular invasion 
[10,11]. Unfortunately pretransplant pathology, at least in its current 
state, offers us limited ability to remedy our problem of predicting what 
is most important: tumor biology.

Fortunately there are some trends in biomarkers that might be able 
to help with the determination of tumor behavior. By no means are they 
the end all, as many patients with aggressive tumors do not produce 
markers like serum alpha-fetoprotein (AFP), but they should not be 
ignored when looking at tumor exception points. Pre-LT serum AFP 
has been shown to strongly correlate with post-LT survival. Studies 
have shown 5-year survival of 72% when AFP <200 μg/L as compared 

to 34% when AFP >1000 μg/L [12], as well as 5-year recurrence free 
survival of 90% when pre-LT AFP ≤ 200 μg/L versus 40% when pre-
LT was AFP >800 μg/L [13]. In fact, it was shown that by combining 
the UCSF or Metroticket criteria with additional constraint of pre-LT 
AFP <100 yields an estimated 5-year recurrence free survival of 100% 
[14]. Moreover, the Alberta group, generated a patient selection score 
based on total tumor volume (TTV) ≤ 115 cm3 and AFP ≤ 400 μg/L 
in 2011 [15]. The authors showed the expansion of Milan criteria to 
the TTV/AFP criteria achieves post-transplant tumor-free survival 
comparable to Milan criteria while pushing the envelope and allowing 
a 20% increase in the number of eligible transplant recipients [16].

In addition to AFP, Des-γ carboxyprothrombin (DCP) or protein 
induced by vitamin K absence or antagonist II (PIVKA-II) is another 
biomarker that has been studied and has shown strong predictive value 
for HCC recurrence post-LT [13,17]. 

Furthermore, neutrophil-to-lymphocyte ratio (NLR) is a unique 
marker of systemic inflammation that has demonstrated efficacy in 
prediction of HCC recurrence and outcome post-LT, thought to be 
related to neutrophil relationship with circulating vascular endothelial 
growth factor and ultimate tumor angiogenesis. Halazun et al. found 
that NLR ≥ 5 and preoperative tumor size >3 cm were independent 
markers of aggressive tumor biology. Based on these findings, 
they created a scoring scheme that was superior to Milan criteria at 
prediction of recurrence and overall survival [18]. These results cannot 
be persistently ignored.

Lastly, one of the most predictive factors for HCC recurrence after 
transplant is tumor response to locoregional therapy. While we know 
that complete pathologic response to locoregional therapy portends an 
excellent oncologic posttransplant prognosis with virtually negligible 
recurrence risk, we do not have this data pretransplant when selecting 
candidates [19]. We do however know that HCC tumor response to 
locoregional therapy has also been evaluated as surrogate for tumor 
biology. Multiple groups have compared 5-year post transplant 
recurrence free survival between patients who underwent LT after 
downstaging compared to those meeting Milan criteria at diagnosis 
and found similar results [20,21]. Patients within Milan but with 
tumors that have continued contrast enhancement on axial imaging 
and rising AFP despite locoregional therapy remain transplantable and 
are still granted exception points in our current system despite what 
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is presumed to be poor tumor biology. We must start looking at the 
aggregate representation of each patient’s tumor. Research is heading 
this way as demonstrated by the first comprehensive nomogram that 
takes into account multiple parameters including serum biomarkers 
(AFP, NLR and cholesterol), as well as tumor response to treatment 
and macromorphologic variables. This nomogram was shown to be an 
excellent predictor of tumor recurrence and mortality (C-statistic 0.79) 
[22]. Although not made up of entirely pretransplant variables it is no 
question a step in the right direction. 

Since the introduction of the Milan Criteria, a rich body of evidence 
has emerged to support the notion that tumor biology can be predicted 
to a degree using variety of clinical parameters that maybe available 
to clinicians when evaluating potential liver transplant recipients. 
Although patients now must wait 6 months before being upgraded to 
28 MELD exception points, tumor biology is not adequately elucidated 
during this time period. Patients remain stuck in an epoch that rewards 
small size and less tumors yet takes into account minimal tumor 
behavior. In an era of individualized medicine, we must embrace 
transformation as the literature is amassing. Comprehensive evaluation 
of each recipient and tumor should be mandated to push the transplant 
envelope while maintaining excellent oncologic outcomes. With more 
tools in our repertoire, we must make changes. We need to do better. 
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