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Abstract
Although liver transplantation is theoretically the best treatment for hepatocellular carcinoma (HCC), it is limited by the realities of perioperative complications, and the shortage of donor organs.  Furthermore, in many cases there are available alternative treatments such as resection or locoregional therapy. Deciding upon the best option for a patient with HCC is complicated, involving numerous ethical principles including: urgency, utility, intention-to-treat survival, transplant benefit, harm to candidates on waiting list, and harm to living donors. The potential contrast between different principles is particularly relevant for patients with HCC for several reasons: (1) HCC candidates to liver transplantation are increasing; (2) the great prognostic heterogeneity within the HCC population; (3) in HCC patients tumor progression before liver transplantation may significantly impair post transplant outcome; and (4) effective alternative therapies are often available for HCC candidates to liver transplantation. In this paper we suggest that allocating organs by transplant benefit could help balance these competing principles, and also introduce equity between patients with HCC and nonmalignant liver disease. We also propose a triangular equipoise model to help decide between deceased donor liver transplantation, living donor liver transplantation, or alternative therapies.
© 2013 Baishideng Publishing Group Co., Limited. All rights reserved.
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Core tip: Deciding upon the best option for a patient with hepatocellular carcinoma is complicated, involving numerous ethical principles including: urgency, utility, intention-to-treat survival, transplant benefit, harm to candidates on waiting list, and harm to living donors. In this paper we suggest that allocating organs by transplant benefit could help balance these competing principles, and also introduce equity between patients with hepatocellular carcinoma and those with nonmalignant liver disease. We also propose a triangular equipoise model to help decide between deceased donor liver transplantation, living donor liver transplantation, or alternative therapies.
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GENERAL PRINCIPLES REGULATING PATIENT SELECTION AND ORGAN ALLOCATION IN LIVER TRANSPLANTATION
Urgency, utility, and equity
Liver transplantation (LT) is theoretically the best treatment for patients with end-stage liver disease but its effectiveness is limited by intrinsic characteristics with important ethical implications: (1) LT remains a technical demanding procedure with a well-established short-term mortality and morbidity[1]; (2) a persistent shortage of deceased donors corresponds to an increasing demand of deceased donor liver transplantation (DDLT)[2]; and (3) the application of living donor liver transplantation (LDLT) is limited by ethical and legal issues related to the risk of harming the living donor[3]. Specific selection policies have consequently been developed over the last two decades to identify good candidates for this complex therapeutic option[4,5]. 
For patients with non-malignant (NM) liver cirrhosis, scores have been developed to measure disease severity, such as the Child Pugh and the model for end-stage liver disease (MELD) scores[4], which support a selection policy based on the urgency principle. Under a medical urgency-based selection system, patients with worse outcomes while on the waiting list (WL) are given higher priority for transplantation[6]. Use of the MELD score, for example, has significantly reduced waiting list times and in the US system in recent years[4,7]. If we consider the development of hepatocellular carcinoma (HCC) as a complication of liver cirrhosis, and therefore as a sign of disease severity, assigning a high priority to HCC patients would also comply with this principle of urgency. This viewpoint is reflected in the United Network for Organ Sharing (UNOS) allocation system, where an arbitrary high MELD score is assigned to patients with T2-HCC[7]. 
The limit of this approach is that it fails to consider the extremely relevant prognostic heterogeneity of patients with HCC and the potential effectiveness of alternative therapies[8]. It is also only reasonable to consider HCC as a complication of liver cirrhosis if this condition is maintained within certain proportions of candidates on the WL (e.g., < 20%), as in the US[9]. In some geographical LT settings, however, there has been a significant increase in the proportion of LT candidates on the WL with liver tumors in recent years and this has given rise to similar proportions of liver transplants for HCC and NM disease[10]. In these modern LT realities, it is probably more reasonable to consider HCC patients as a separate LT population and analyze the prognostic heterogeneity of this particular medical condition more deeply[11].
If we observe the issues of patient selection and organ allocation from the HCC population point of view, therefore, current LT selection policies for HCC patients (e.g., the UNOS allocation system) appear to be based mainly on a utility principle for two main reasons. First, a utility-based system is one that gives priority according to expected post-transplant outcomes[6]. For patients with HCC, the poor results achieved in early experiences with patients transplanted for advanced tumors have favored the introduction of strict selection criteria focusing mainly on post-LT outcome[5]. Therefore, patients beyond Milan criteria have limited probability of receiving a transplant.

Second, in the current system all T2 HCC patients receive the same priority regardless of their likelihood of death on the waiting list. 

If we consider LT candidates with and without cancer as two separate populations, therefore, apparently opposite allocation principles are currently used at the majority of LT centers around the world. This diversity in patient selection policy intrinsically creates an ethical paradox, in that donated organs are allocated to the “sickest patient first” among the candidates with NM hepatic disease, but to the “earliest patient first” among candidates for LT who have HCC, irrespective of their survival prospects with therapies other than transplantation.

Aristotle defined justice as “treating equal cases equally, and unequal cases unequally”. One of the fundamental challenges of organ allocation science is maintaining equity among the heterogeneous groups of patients on the waiting list.  In the specific organ allocation context, equity means treating all patients according to a common endpoint. From this perspective, the principle of equity is hierarchically more important than all others, whether we decide to favour urgency, or utility or benefit as endpoints for our allocation system.

Based on these considerations (i.e., the increasing proportion of HCC patients enlisted, and an excess of priority for HCC patients with a low urgency for LT), recent proposals have tried to resolve the unbalance in the access to transplantation between HCC and non-HCC patients.  One attempt involed developing risk models within the HCC population for 3-month drop-out risk as common urgency endpoint[12,13]. However, this approach (i.e., to equate the drop-out risk of different patients) carries the risk of prioritizing HCC patients with higher biological aggressiveness in terms of nodule size and AFP levels, and consequently dramatically increasing the risk of post-LT tumour recurrence or death [4].  Thus, methods are needed which balance the principles of urgency and utility when attempting to reach equity between HCC and non-HCC patients.
Intention-to-treat survival
To describe the effect of long waiting times on the effectiveness of LT as curative therapy for HCC[15], some years ago the concept of intention-to-treat (ITT) survival was introduced. Interestingly, analyzing the survival figures of HCC patients from the day of enlisting and not from that of transplant, the overall results of LT for HCC became worse than resection[16] due to the high dropout rate of HCC patients from the WL for tumor progression.

However, intention-to-treat survival is strongly related to the specific local/regional WL characteristics and in particular to the patient median waiting time: assuming as a constant the post-LT outcome, the lower the pre- LT mortality, the higher the intention-to-treat survival. For this reason, in a clinical scenario where HCC patients receive high priority for LT (i.e., low waiting time and low risk of dropout) the intention-to-treat survival of LT for HCC patients may exceed that of liver resection[17].
For these reasons, survival analysis in LT should use the ITT principle because it accounts for all the complex LT processes from the day that LT is first considered. 

Transplant benefit

The concept of transplant benefit expresses the survival gain offered by LT by comparison with the best alternative therapy. Transplant benefit can be calculated from the time of transplant, or from the time a patient is first evaluated for transplant-the latter would make it an ITT endpoint. On an individual basis, the main advantage of this principle is that it covers the overall LT process, simultaneously considering post- and pre-LT outcome. The transplant benefit principle applied to the individual LT candidate thus has the potential to create an ideal balance between the concepts of urgency and utility. As suggested by Schaubel et al[6], moreover, by prioritizing patients based on life-years gained thanks to transplantation, the transplant benefit principle performs better than urgency and utility schemes from a population perspective too. This is because an urgency-based system would assign donor organs to patients who are most likely to die while on the WL, but this approach may be to the detriment of utility because patients at the greatest risk of death while on the WL may also be patients with the highest post-LT mortality risk. A utility-based allocation system would ensure that transplanted organs go to patients with the lowest post-LT mortality risk, but patients with the best post-LT outcomes may also have the best outcomes while on the WL. The transplant benefit principle is consequently the one best able to maximize the total life-years gained by the patient population. 
In recent years, the transplant benefit principle has been proposed for LT candidates based on studies using data from the Scientific Registry of Transplant Recipients (SRTR)[2,6,18], but these studies did not consider the transplant benefit for the HCC population of LT candidates, because they either focused only on nonmalignant (NM) candidates[2,11] or they considered HCC as a complication[6] and not as a separate, prognostically heterogeneous medical condition.

The concept of transplant benefit has the intrinsic potential for being especially useful for HCC patients since a particular feature of the approach lies in that it is calculated by subtracting the area under the survival curve after alternative therapies from the area under the survival curve after transplantation[9], a definition that coincides with the gain in life expectancy (LE). This gives a relevant weight not only to the crude post-LT outcome, but also to the alternative therapies available and to the patient’s age, which are extremely important prognostic variables for HCC patients[19]. Figure 1 shows two different clinical scenarios. The first (Figure 1 A) concerns the case of a young patient (40 years old) with a tumor beyond the Milan criteria (calculated 5-year post-transplant survival = 60%). The lack of any effective alternative therapies makes the benefit of LT extremely high (8 years).  The second scenario (Figure 1B) considers an older patient (65-year-old) within the accepted indications for LT (5-year post-transplant survival = 70%), but with an effective alternative treatment option, i.e., liver resection, which makes the benefit of LT much lower (4 years) than in the first case, although the post-LT outcome would be better.
The recent publication of important studies on the survival prospects of patients with more advanced tumors after LT[20] and other therapies[21,22] makes it potentially feasible now to evaluate transplant benefit across different stages of HCC disease. This could be extremely important because, from a utility perspective, adopting extended criteria for HCC patients would mean allocating more donated organs to HCC patients than to NM patients[16]; taking a transplant benefit perspective, on the other hand, would mean reallocating the same number of organs to different groups of patients with a greater benefit. In other words, the transplant benefit principle would be able to maximize the total life-years of both the HCC and NM population. 

These concepts have been recently incorporated in three papers[23-25] evaluating the transplant benefit principle in the HCC population. These studies underline three main points: (1) Liver transplantation results in the highest survival benefit for HCC patients with advanced liver cirrhosis (BCLC stage D); (2) Patients with intermediate tumours (BCLC stages B–C) without effective alternative therapies receive a relevant benefit from LT, regardless of the nodule number–size criteria (i.e., Milan criteria), provided that macroscopic vascular invasion and extra-hepatic disease are absent; and (3) Patients with early tumors and compensated cirrhosis have the lowest benefit from LT when effective alternative therapies are available[23-25].
Harm-benefit to other patients on the waiting list
When patients on a given WL receive an organ, they harm the rest of the candidates on the WL because it is as if they were taking that organ away from other potential candidates. The entity of this harm depends on the extra time the other patients on the WL have to wait for another organ. We can also see this concept from the opposite point of view: if we find an alternative treatment for a patient on a WL for LT (e.g., if we perform a living donor liver transplantation (LDLT) or a liver resection), we create a benefit for the people on said WL that can be calculated from the further waiting time they spare. Knowing the characteristics of a WL in detail (death probabilities according to disease severity, median waiting time for LT, mean number of organs per year, patient stratification according to MELD score and HCC stage), we can calculate this harm/benefit to candidates on the WL[9,26,27]. This is very important because it is the only allocation principle that takes the characteristics of a specific WL into account (WL size, donor resources and proportions of patients with severe disease). 
Harm to the living donor

The crucial element limiting the general applicability of LDLT is the risk of harming a healthy living donor. In the literature, the overall mortality attributed to living donor procedures is lower than 1%, but the risk of morbidity is significant, being around 38% in some experiences as a whole, and < 10% when severe complications are considered alone[28].
A recent worldwide survey[29] has brought more evidence about this field. Overall donor morbidity rate was 24%, but only 0.2% of them died, and 0.04% required transplantation. If harm to donors is only considered in terms of mortality, its impact on the therapeutic decision (between LDLT, DDLT, or no LT) would be minimal compared to the recipient’s risk of death on the WL[30]. Quantifying morbidity could be done by determining the impact of complications on quality of life, but limited data is currently available to derive such estimates. 
Furthermore, it is controversial whether donor morbidity and mortality should be weighted equally to that of the recipient. Currently the transplant community takes a protective approach (paternalist principle) to the living donor, and tends to assign greater ethical weight to the donor’s risk of death than to the recipient’s risk of death. This approach, however, comes at the expense of donor autonomy. Further thought is needed on this subject, including input from donors themselves.  
One interesting proposal is to define a cut-off for acceptable morbidity and mortality from the perspective of the donor[32,33]. 
REPRESENTATION OF THE POTENTIAL EQUIPOISE BETWEEN BENEFITS AND HARMS OF TRANSPLANTATION FOR HCC PATIENTS

An ideal selection/allocation process for patients with HCC should consider all aspects of the benefits and harms of LT, and the aim of allocation systems should be to reach a balance between the different principles involved in the selection process.

We have represented this equipoise using a triangle containing vectors (Figure 2): the transplant benefit (life expectancy with LT minus life expectancy without LT) is at the top vertex and the potential harm to the rest of the WL and to the living donor at the bottom vertices. According to this model, transplantation is generally indicated when the transplant benefit exceeds the harm. Then, according to the relative weights of the harm to the WL and donor, the decision will be oriented towards LDLT or DDLT. 
The first advantage of this conceptual model is that it includes all ethical principles involved in the LT decision process. The use of transplant benefit satisfies both utility and urgency principles, while the relationship between benefit and harm to the waiting list satisfies equity - the first principle aims to maximize the need of the single patient, while the second maximizes population total life years[26].
The second advantage of this model is that it considers as different therapeutic procedures DDLT and LDLT. Whenever we used urgency, utility or benefit, these principles taken alone do not distinguish between LDLT and DDLT, so they cannot be used to decide between these different strategies. The indication for LDLT is therefore inevitably the same as for DDLT[32,33], so choosing between the two is difficult.This may partially explain why LDLT has had a limited development in western countries, especially since the introduction of the MELD[33].  
Some authors[32] have recently stressed the possibility to consider different indications between LDLT and DDLT based on the consideration that living donor recipients don’t compete with other patients on the WL. The same authors proposed a sort of double equipoise model specific for LDLT to balance the donor risk and the recipient benefit[32]. Our model has the advantage to be used for both DDLT and LDLT. LDLT has a potentially relevant advantage over DDLT because it only minimally harms the other candidates on the WL: this harm is limited to the risk of the patient needing re-LT after LDLT, which is estimated to be approximately 7%[34], while the risk of liver failure requiring transplantation of the donor is estimated to be 0.04%[29]. 
This model helps the selection of HCC patients for LT and the choice of the more appropriate transplant procedure (DDLT vs LDLT). However, it can not consider some crucial aspects. First of all, in some countries religiosity or cultural aspects are barriers to DDLT[31]. As second point, in some recipients of a partial liver from a living donor insufficient liver volume can not be avoided to maintain an adequate donor safety. A small-for-size graft easily causes perioperative complications and results in poor outcomes[31]. In summary, although LT is theoretically the best treatment for HCC, it is limited by the realities of perioperative complications, and the shortage of donor organs.  Furthermore, the benefit of transplantation is not uniform among patients with HCC; rather, it depends upon the severity of liver disease and the available alternative treatment options.  Current systems allocate organs to HCC patients primarily based upon the utility principle, as opposed to the urgency principle which governs allocation to patients with nonmalignant liver disease. Allocating organs by transplant benefit could introduce equity between these patient groups. We propose a triangular equipoise model to help decide between DDLT, LDLT, or alternative therapies.
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Figures 1 Clinical examples of the transplant benefit principle applied to hepatocellular carcinoma patients. A: Man  40-year-old, HBV with 2 HCC nodules, the largest of 6 cm , Child B (MILAN OUT, UCSF OUT); B: Man 65-year-old, HCV, with 1 HCC (diameter = 4 cm), Child A. HCC: Hepatocellular carcinoma; HBV: Hepatitis B Virus; HCV: Hepatitis C Virus.
Figure 2 Ethical equipoise between benefit and harm of deceased-donor liver transplantation and living donor liver transplantation.
