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Part III: Survival with and

without transplantation

“What can be controlled is never completely real;

what is real can never be completely controlled.”

— Vladimir Nabokov
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Chapter 6

Survival benefit from liver

transplantation for patients

with and without

hepatocellular carcinoma

Goudsmit BFJ, Prosepe I, Tushuizen ME, et al. Survival benefit from

liver transplantation for patients with and without hepatocellular car-

cinoma. Under review.
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Abstract

Background & Aims: In the US, inequal liver transplantation (LT) access

exists between patients with and without hepatocellular carcinoma (HCC).

Survival benefit considers survival without and with LT and could equalize

LT access. We calculated and compared LT survival benefit scores for pa-

tients with(out) HCC, based on longitudinal data in a recent US cohort.

Methods: Adult LT candidates with(out) HCC between 2010-2019 were in-

cluded. Waitlist survival over time was contrasted to posttransplant survival,

to estimate 5-year survival benefit from the moment of LT. Waitlist survival

was modeled with bias-corrected time-dependent Cox regression and post-

transplant survival was estimated through Cox proportional hazards regres-

sion.

Results: Mean HCC survival without LT was always lower than non-HCC

waitlist survival. Below MELD(-Na) 30, HCC patients gained more life-years

from LT than non-HCC patients at the same MELD(-Na) score. Only non-

HCC patients below MELD(-Na) 9 had negative benefit. Most HCC patients

were transplanted below MELD(-Na) 14 and most non-HCC patients above

MELD(-Na) 26. Liver function (MELD(-Na), albumin) was the main predic-

tor of 5-year benefit. Therefore, during five years, most HCC patients gained

0.12 to 1.96 years from LT, whereas most non-HCC patients gained 2.48 to

3.45 years.

Conclusion: On an individual level, transplanting patients with HCC re-

sulted in survival benefit. However, on a population level, benefit was in-

directly wasted, as non-HCC patients were likely to gain more survival due

to decreased liver function. Based on these data, we now provide an online

calculator to estimate 5-year survival benefit given specific patient charac-

teristics. Survival benefit scores could serve to equalize LT access.
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Introduction

Adult liver transplantation (LT) relies on scarce donor grafts. There-

fore, allocation prioritizes patients that likely will die soon without

transplantation.1 For most patients on the LT waiting list in the

United States (US), the Model for End-stage Liver Disease sodium

(MELD-Na) score adequately predicts expected survival without

transplantation.2,3

However, MELD-Na is less predictive of survival for transplant can-

didates with hepatocellular carcinoma (HCC). This is because HCC

mortality is typically caused by tumor progression and not by liver

failure.4 The number of HCC patients listed for transplantation has

tripled the past 10 years.5 HCC is the single most important cause

of death in cirrhotic patients, and treatment through LT still has the

best long-term results.6–8 The exception point system was developed

to compensate liver graft allocation based on inadequate MELD(-Na)

survival prediction for most notably HCC patients. In this system,

HCC patients receive artificial MELD points that increase automati-

cally every 90 days, to mimic HCC progression.9–11 Unintendedly, the

exception points created inequity between non-HCC and HCC pa-

tients, because HCC LT access increased too much,12–14 and inequity

among HCC patients, because all patients within one region receive

the same priority with only waiting time as tiebreaker.15

Instead of arbitrary points, patient characteristics should be used

to model the risk of waiting list dropout.10,14,16–18 Moreover, to

balance the principles urgency and utility,19 the risk of waiting list

dropout should be compared to expected post-transplant survival.

The difference is survival benefit, or the life-years gained from

transplantation.20 Considering LT survival benefit is valuable be-

cause donor grafts are scarce and some patients gain more life-years

than others.20–23
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evaluated,13,14,16,17 but re-evaluation is warranted. Firstly, be-

cause contradicting findings have been reported. Most notably,

Vitale et al. showed that HCC patients in Italy benefited twice as

much from LT compared to non-HCC patients,17 whereas Berry et

al. stated that US HCC patients derived negative or little benefit.13

Secondly, previous work defined survival benefit as the difference

between post-transplant survival and waiting list survival counted

from first registration. We hypothesized that counting waiting list

survival from first registration is suboptimal, as LT candidates on

average have to wait six to eight months for transplantation.5 During

this time, liver disease will typically progress,24,25 patients can drop

out,5 or HCC could be downstaged.6 This changes survival rates as

compared to baseline.20,21,23,26 Because survival is gained from the

moment of possible transplantation, benefit should be counted from

that moment on, see Figure 6.1. Lastly, benefit evaluation reflective

of the current US population and allocation is missing.

Therefore, the goal of this study was to estimate survival gain from

transplantation in a large and recent US cohort. We compared LT sur-

vival benefit between non-HCC and HCC patients. Life expectancy

with transplantation was contrasted to life expectancy without trans-

plantation. We constructed an online benefit application that calcu-

lates life expectancy gained from transplantation based on specified

patient characteristics.

Methods

Patient population

This retrospective cohort analysis included adult (>=18 years) pa-

tients listed for a first LT between January 1st, 2010 and April 30th,

2019 on the UNOS waiting list (Figure S1). This interval ended before

the May 14th, 2019 implementation of median MELD at transplant.15

Benefit of non-HCC and HCC patients has been previously
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Figure 6.1: Survival benefit is defined as the difference in 5-year life-

expectancy with and without transplantation. While patients are waiting

for LT, time passes and disease severity typically changes. At the moment

of transplantation, benefit is estimated. The survival up until transplanta-

tion (‘survival before LT’) is used to predict waiting list survival in absence

of transplantation (‘survival without LT’). Without LT survival is then con-

trasted to posttransplant survival (‘with LT’) to calculate benefit.
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It also compromised the most recent data with adequate 5-year

follow-up completeness. We aimed to calculate benefit for two

patient groups: patients without HCC and without exception points

(non-HCC group), and patients with HCC and with exception points

(HCC group). Although other diseases also qualify for exception

points, like primary sclerosing cholangitis and biliary cirrhosis, we

only assessed HCC patients, as this is by far the largest group and

incidence is increasing.5 Current OPTN policy allows standard excep-

tion points for 1) HCC patients within Milan criteria (henceforth T2

HCC),27 and 2) HCC patients initially outside Milan criteria but suc-

cessfully downstaged within criteria through loco-regional treatment

before LT (henceforth HCC outside criteria). Although previous study

found that outcomes of these groups were similar,28 we separately

analyzed these groups, as the initial HCC disease severity and non-LT

treatment are different. We excluded patients with previous LT, acute

liver failure, listing for living donation, listing for multiple organs, and

non-HCC malignancy (Figure S1). We randomly split our population

in training data (67% of patients) and validation data (the remaining

33% of patients).

Benefit definition

Survival benefit was defined as the life-years gained from trans-

plantation during the next five years, see Figure 6.2.21,29 To estimate

benefit for a given transplanted patient, post-transplantation survival

(henceforth ‘with LT’) was contrasted to the hypothetical waiting list

survival if LT would not have happened (henceforth ‘without LT’),

again see Figure 6.1.21

Crucially, we estimated future waiting list survival from the moment

of LT and not from baseline, as patients are not transplanted at base-

line. To model without LT survival, we chose time-dependent Cox

regression corrected with inverse probability censoring weighting
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Figure 6.2: The survival with (solid line), without (dashed line) and benefit

from transplantation (green area) are shown. In this example, survival is av-

eraged for non-HCC patients with MELD-Na 25. Please note the difference

in survival during five years (lines) and at five years (dots).
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(IPCW), in accordance to previous studies.21–23,26 IPCW is used when

treatment is initiated after baseline and the chance of treatment

depends on patient characteristics, that is changing MELD-Na scores

over time.21,26,30 This dependence confounds analysis of waiting list

survival upon which allocation is based. These risks therefore must

be corrected with statistical methods, preferably IPCW.21,26,30 Unlike

previous work,13,16,17,28,31,32 we specifically did not use intention-to-

treat (ITT) or competing risk analysis, please see supplement 1 for

a detailed explanation. In short, because 1) they predict a different

risk than without LT survival, 2) could result in undertreatment of

patients,30 and 3) we wanted to model changes in waiting list disease

over time beyond baseline. The IPCW analyses are more complex

and therefore less often applied, but this does not mean we should

not use them.33

Statistical analysis

Waiting list survival

The waiting list population was divided in biweekly cross-sections,

because in allocation liver grafts are offered to active patients on the

waiting list at a certain date, not whole study cohorts of patients.21 In

time-dependent Cox analysis, repeated MELD-Na scores were mod-

eled over time. Date and type of pre-LT HCC treatments were specif-

ically included to account for their effects on waiting list survival.

Additional predictors were used to correct the longitudinal data (Ta-

ble S1), which we selected from available UNOS candidate variables

deemed clinically relevant in published studies.10,16–18,21 We excluded

some variables a priori, because they referred to pediatric recipients,

exclusion criteria, or donor characteristics. The outcome of analy-

sis was waiting list mortality, which comprised death while awaiting

LT and removal because of worsened condition. We censored for all

other outcomes (e.g., transplantation, removal due to recovery, end
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of study) and corrected for dependent censoring with IPCW. Through

IPCW we also estimated without LT survival of transplanted patients

based on logic continuation of disease trajectories of similar patients

at the same moment in time that were not transplanted (yet), please

see supplement 1 for further explanation.

Post-transplantation survival

We then used Cox proportional hazards regression to model post-

transplant survival. Predictors were selected by assessing relations

of available UNOS recipient and donor variables to 5-year survival in

univariate models, with backwards selection of significant variables

in multivariate analysis. The outcome was 5-year post-transplant sur-

vival, defined as the difference between the date of transplantation

and the earliest date of death, loss to follow-up or end of study on

April 30th, 2019.

Calculating benefit scores

After establishing the Cox models in the training data, 5-year survival

benefit from LT was calculated for each transplanted patient in the

independent validation data. Benefit scores were averaged per bio-

chemical MELD or MELD-Na [MELD(-Na)] score at transplantation,

respectively for transplantations before or after January 11th, 2016,

and stratified for non-HCC and HCC patients. We visualized bene-

fit with smoothed general additive model plots per MELD(-Na) score

and (non-)HCC disease. We assessed model discrimination for 5-year

survival by calculating the area under the receiver-operating-curve

(AUC). Cox proportional hazards model calibration (i.e., model ac-

curacy) at five years was assessed based on bootstrapping with 200

repetitions, to obtain overfitting-corrected estimates of predicted sur-

vival, which were compared to observed survival probabilities.34
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Online benefit score calculator

It was of interest to calculate LT benefit scores based on individual

patient and donor characteristics. These benefit predictions had to

be readily available online for the clinician and patient, in an intu-

itive calculator. Therefore, we fit a regression model to the previ-

ously calculated 5-year survival benefit scores. To compromise clin-

ical ease of use and predictive power, only the most predictive vari-

ables were used in the benefit regression model. Variable importance

for benefit prediction was assessed based on ANOVA tests. We used

the overfitting-corrected R2 to assess how much variation in bene-

fit was explained by the predictors.34 A R2 value of 1 indicates that all

variability in predictions is accounted for and a value above 0.9 there-

fore indicates excellent model predictions. The online calculator also

gives graphical summaries of benefit, averaged per MELD-Na score

and (non-)HCC disease, to illustrate the gain of life years during the

next five years.

Results

Patient characteristics at transplantation

Characteristics for non-HCC and HCC patients at transplantation be-

tween 2010-2019 are shown in Table 6.1 . Compared to non-HCC pa-

tients, HCC patients were slightly older, more often male, and less of-

ten of white race/ethnicity. HCC patients also more frequently had

diabetes mellitus, were less dependent on renal replacement ther-

apy, and had lower median MELD(-Na) scores. HCC patients were

mostly transplanted in medium (2, 4, 6, 7, and 8) and long (1, 5, and 9)

UNOS waiting time regions, whereas non-HCC patients were mostly

transplanted in short (3, 10, and 11) waiting time regions. Until the

moment of transplantation, the vast majority (93%) of HCC patients
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were at home and therefore significantly less often in hospital or ICU

than non-HCC patients. Accordingly, non-HCC patients were more

often dependent on life-support. Median MELD-Na scores in non-

HCC, T2 HCC, and HCC beyond criteria patients were 25, 12, and 11,

respectively. The AFP at transplantation for within Milan/T2 criteria

and initially outside Milan/T2 criteria HCC patients was on average

(SD) 67 (294) and 61 (262) ng/mL, respectively. The average AFP lev-

els were higher in T2 HCC patients than HCC patients beyond criteria,

which was likely due to the higher frequency of downstaging non-LT

treatment. At time of transplantation, HCC outside criteria patients

more frequently had two or three tumors. Average total tumor diam-

eter for T2 and non-T2 HCC was 2.79 (1.11) cm and 3.17 (1.89) cm, re-

spectively. Donor risk index scores were comparable for (non-)HCC

patients, therefore HCC patients on average received the same donor

quality organs as non-HCC patients.
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Waiting list survival model

The significant predictors of the waiting list Cox model are shown in

Table S1. In summary, the most important predictors of survival with-

out LT were age, MELD(-Na) score, serum sodium, serum AFP, serum

albumin, presence of diabetes mellitus, presence of ascites, and liver

disease etiology. By correcting coefficients through IPCW, the impor-

tance of MELD(-Na) increased (data not shown), which was expected

as we aimed to correct for dependent censoring bias.

Post-transplantation survival model

The significant predictors for the post-transplantation survival model

are shown in Table S2. Most important were age, liver disease eti-

ology, being of black race/ethnicity, presence of diabetes mellitus,

mechanical ventilation, total tumor diameter, serum AFP, and DRI

score. HCC patients with MELD(-Na)>19, AFP>24 ng/mL, and total

tumor diameter>3.2 cm had the worst posttransplant 5-year survival

rates (58.1%; 95% CI 50.2-67.2). For all other HCC patients, 5-year

survival was above 60% (Figure S2).29 Post-transplant model AUC of

5-year survival was 61.9 (61.2-62.6), indicating respectable discrimi-

nation. More importantly,35 model calibration was excellent (Figure

S3), which meant that our predicted risks closely resembled observed

risks. After establishing model accuracy, survival estimates and ben-

efit were calculated in the validation data.

Survival without and with LT

The distribution of MELD(-Na) scores at transplantation is shown in

Figure 6.3. Non-HCC patients were mostly transplanted at MELD(-

Na) scores above 14 and HCC patients mostly below MELD(-Na) 14.
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Figure 6.3: Distribution of MELD(-Na) scores at transplantation, per (non-

)HCC disease. Non-HCC patients are mostly transplanted at MELD(-Na)

scores >14. On the other hand, HCC patients are mostly transplanted below

MELD(-Na) 14. Also, a significant part of non-HCC patients is transplanted

above MELD(-Na) 30, whereas only 3% of HCC patients is transplanted at

MELD(-Na) above 30.

This distribution is important for the interpretation of the survival

and benefit estimates presented below.

Figure 6.4A shows the smoothed average survival probabilities dur-

ing the next five years, both for post-transplantation (with LT: solid

lines) and for remaining on the waiting list (without LT: dashed lines).

Because life years are gained over time, Figure 6.4A shows the mean

survival during five years, i.e., the mean of the lines shown in Fig-

ure 6.2. The survival probabilities at five years without and with LT

are presented in Table S3, which are perhaps more intuitive survival

measures for the clinician and patient. However, these hold no in-

formation regarding the survival trajectory during five years, which is
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what the average survival and benefit do encompass. For non-HCC

patients below MELD(-Na) 10, i.e., a small number of patients, see

Figure 6.3, mean survival probability without LT was better than with

LT survival. In other words, on average these patients should not be

transplanted. At equal MELD(-Na) scores, waiting list survival with-

out LT for HCC patients was notably lower than for non-HCC patients.

Survival without LT probabilities converged at the lowest levels, i.e.,

mortality could not increase much more at high MELD(-Na) scores.

The average survival with LT in both groups declined above approx-

imately MELD(-Na) 24. However, HCC survival decreased more at

higher MELD(-Na) scores, most for HCC outside criteria. This de-

crease in posttransplant survival was possibly due to disease recur-

rence.

Survival benefit: life-years gained per 5 years

The 5-year transplantation survival benefit per MELD(-Na) score and

per (non-)HCC disease is shown in Figure 6.4B and Table 6.2 (see Ta-

ble S4 for the averages per MELD(-Na) score). Please note that the

y-values correspond to the surface area shown in Figure 6.2, e.g., for

a non-HCC MELD(-Na) 25 patient, LT would give 2.35 years survival

benefit during the next five years.

For the 2.2% of non-HCC patients transplanted at MELD(-Na) below

9, benefit was negative, because mean postoperative life-expectancy

was lower than survival without LT. With increasing MELD(-Na)

scores, non-HCC benefit increased approximately linearly, up to

70% mean 5-year survival improvement for MELD(-Na) 40. The

HCC benefit curves flattened with increasing MELD(-Na), whereas

non-HCC benefit continued to increase. HCC MELD(-Na) >=30

benefit estimates should be interpreted carefully as they represent a

small number of patients, i.e., 4.5% of the T2 HCC and 2.8% of the

outside criteria HCC patients. The HCC benefit flattened at higher
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Figure 6.4: The mean survival and benefit for the next five years per MELD(-

Na) score. Note the changing y-axes.
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Table 6.2: Liver transplantation 5-year survival benefit per MELD(-Na) score
and etiology of disease

No HCC T2 HCC HCC outside criteria

MELD(-Na) n % benefit n % benefit n % benefit

6-9 175 2.2 -0.14 729 32.0 0.39 717 39.2 0.82
10-13 425 5.3 0.46 675 29.6 0.98 525 28.7 1.40
14-17 943 11.7 1.08 416 18.2 1.61 304 16.6 2.03
18-21 1134 14.1 1.67 197 8.6 2.02 153 8.4 2.37
22-25 1260 15.6 2.20 106 4.6 2.37 59 3.2 2.65
26-29 1064 13.2 2.60 56 2.5 2.69 17 0.9 2.72
30-34 1159 14.4 2.99 41 1.8 2.78 21 1.1 2.72
35-40 1900 23.6 3.38 61 2.7 2.92 31 1.7 2.85
All patients 8060 100 2.30 2281 100 1.19 1827 100 1.45

Note:
n: number of patients per MELD(-Na) group, % : percentage of patients per
MELD(-Na) group

MELD(-Na) scores because of decreasing post-transplant survival,

see Figure 6.4A. Below MELD(-Na) 30, HCC patients would gain more

benefit than non-HCC patients at the same MELD(-Na) score, which

was mainly due to the lower expected HCC waiting list survival in

absence of LT. However, the likelihood of transplantation at lower

MELD(-Na) was much lower for non-HCC patients. Figure 6.3 and

Table 6.2 show that most non-HCC patients were transplanted at

higher benefit scores than most HCC patients. Indeed, over 50% of

HCC patients were transplanted below MELD(-Na) 14, whereas over

50% of non-HCC patients were transplanted above MELD(-Na) 26.

In terms of benefit, most HCC patients gained 0.10 to 1.96 years from

LT, whereas most non-HCC patients gained 2.48 to 3.46 years (Table

S4). For all patients across all MELD(-Na) scores, non-HCC patients

gained 3.2 years in the next 5 years through transplantation, T2 HCC

gained 1.19 and HCC outside criteria gained 1.45 life-years, see Table

6.2.
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LT, whereas most non-HCC patients gained 2.48 to 3.46 years (Table

S4). For all patients across all MELD(-Na) scores, non-HCC patients

gained 3.2 years in the next 5 years through transplantation, T2 HCC

gained 1.19 and HCC outside criteria gained 1.45 life-years, see Table

6.2.
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Liver transplant benefit scores

Liver transplant benefit scores could be used as a continuous,

equalizing metric for (non-)HCC LT access. There might be

a need to calculate benefit given specific patient character-

istics. This is now possible in the online benefit calculator:

https://predictionmodels.shinyapps.io/benefit_calculator/. The

calculator was based on a secondary regression analysis with only

the most important benefit predictors, which showed an optimism

corrected R2 of 0.93. We therefore assumed that the calculator

adequately predicted benefit and could serve as translation from

our complex analyses to clinical practice. Variable importance in

regression was summarized in Figure S4. When predicting benefit,

the MELD(-Na) score was by far most important. Next were serum

albumin, (non-)HCC disease, serum sodium levels, and recipient

age. In line with Schaubel et al.,21 liver function therefore remained

the strongest predictor of survival benefit. Lastly, the online app

also allows users to plot mean benefit per MELD-Na and (non-)HCC

disease, like Figure 6.1. This can be used to inform clinicians and

patients on the expected survival gain from transplantation. It also

shows for selected HCC patients which non-HCC patients have equal

benefit, i.e., which patients would compete for transplant based on

benefit scores.

Discussion

Organ allocation aims to equally distribute donor organs to all

patients in need. However, inequities on the LT waiting list exist. As

a result, liver allocation has become increasingly relevant and com-

plex. Survival benefit has gained increased attention,13,14,16,17,29 as its

optimization could improve life-years gained from transplantation

for all listed patients.21 Also, considering survival with and without LT
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based on patient characteristics closer resembles clinical reasoning.

The objective of this study was to estimate and compare LT survival

benefit for patients with and without HCC in a recent US waiting

list cohort. The novelty was estimating benefit from the moment

of transplantation based on longitudinal disease development up

until that moment. Our results showed that mean LT survival benefit

was positive across all MELD(-Na) scores, except for non-HCC

patients with MELD(-Na) scores below 9. Non-HCC patients gained

most life years from transplantation, as these patients were mostly

transplanted above MELD(-Na) 26, where benefit was highest. HCC

patients were mostly transplanted below MELD(-Na) 14, which

yielded lower survival benefit. Liver function was the most important

predictor of benefit. It is now possible online to calculate 5-year

survival benefit based on specific patient characteristics through

https://predictionmodels.shinyapps.io/benefit_calculator/.

Benefit definition

Benefit was defined as the difference in survival with and without LT

during the next five years. The endpoint of survival analysis was five

years, because using 10-year or overall survival as outcome would

give too much importance to variables that predict post-transplant

survival.4,29 Also, further increasing the prediction horizon made

estimates less certain. At five years, the waiting list model showed

an excellent AUC, also when compared to other similar analyses.21,23

Compared to recently reported and tested post-transplant survival

models, our 5-year post-transplant survival model performed similar

(LiTES) or better (HALT-HCC, Metroticket).10
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Estimation of benefit

We choose our methods to estimate benefit from the moment

of possible LT. These methods differed from previous clini-

cal studies that modeled waiting list survival counted from first

registration.13,16,17,32,36 Our goal was to model future survival without

LT, whereas counting from baseline gives survival before LT, see

Figure 6.1. Also, patient states at first listing and transplantation

should not be compared, as survival changes within each patient over

waiting list time due to e.g., disease progression and possible non-LT

treatments.6,21,22,24–26 We therefore calculated counterfactual waiting

list survival (without LT) through time-dependent analysis with

additional correction for bias.21,26 Others performed similar analyses

over time, but averaged calculated benefit over waiting list follow-

up,21,23 which for us seemed suboptimal as possible transplantation

and its benefit occurred at one moment in time per patient. Lastly,

some previous studies calculated benefit using characteristics of a

‘median donor’ assigned to all patients.13,37 Instead, we choose to

use the actual transplantations between 2010-2019, with the aim to

best evaluate reality, as the observed transplants indicate inequity

between (non-)HCC patients.5

Non-HCC and HCC benefit

A competing risks study by Berry et al. showed that HCC patients

in the US overall gained negative or little benefit from transplanta-

tion, i.e., that HCC patients wasted benefit.13 This contrasts with our

findings that mean HCC benefit was positive across all MELD(-Na)

scores, mainly because HCC survival without LT was low. Clinically,

it makes sense that out of two otherwise identical patients, the pa-

tient with HCC will live shorter without LT because of the malignancy

in situ.38 It was suggested that Berry et al. overestimated HCC wait-

ing list survival,39 and that having HCC increased risk of waiting list
mortality by factor 1.5.21
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Therefore, on the individual patient level, transplantation for HCC

will add life years. However, on a population level, (over)prioritizing

HCC patients can indirectly waste benefit, as non-HCC patients

often will gain more survival from LT due to worse liver function.

Interestingly, many HCC patients were transplanted at MELD(-Na)

<10, which was considered harmful in previous study.36 Moreover,

resectable HCC may be regarded a contra-indication for LT,4 espe-

cially when considering the limited number of available liver donors.

Therefore, the selection of HCC patients for transplantation remains

one of the most important parts of liver graft allocation.29

Using benefit scores

The LT benefit scores offer a continuous metric to stratify survival

equally for non-HCC and HCC patients, as one single model is used

for both groups. This abandons the use of waiting time, which is

inherently flawed,19 and binary criteria, which allow underreporting

of HCC severity.40,41 Current HCC criteria lack granularity, as patients

that have the same waiting list priority can have very different

survival with(out) LT.10,13,17,21 Changing LT priority based on benefit

scores could therefore prevent loss of life-years, as also shown in

simulations.21 Allocation policies like the HCC cap, HCC delay, and

Median MELD at Transplant helped to reduce HCC LT access, but

HCC patients are currently still better of regarding waiting time,

transplantation rates, and death rates.5,42 Clearly, there is a need for

an equalizing principle for all eligible LT candidates.

Still, consensus must be reached whether to consider benefit in allo-

cation at all. Understandably, some feel uncomfortable to base treat-

ment decisions on future posttransplant outcomes, which is in part

why US policy first focused on improving regional disparities.15,43,44

On the other hand, there is consensus on acceptable posttransplant
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outcomes,45 and posttransplant survival can be accurately predicted.

Interestingly, in the UK, a benefit-based allocation system was im-

plemented in 2018.46 The evaluation of this system will be valuable

for the debate on benefit and its role in liver allocation. However, it

is most important that, regardless of the driving allocation principle,

scarce liver grafts should be fairly distributed based on patient char-

acteristics and disease severity, not arbitrary exception points.

Limitations

Our study has limitations. We excluded a minority of patients with

exception points that did not have HCC, our findings might there-

fore not apply to the whole waiting list population. However, our

goal was to compare non-HCC and HCC patients. Also, five-year

post-transplant follow-up was not complete for all patients, as we

compromised completeness and study period. Furthermore, we

could only draw conclusions based on patients that were listed for

transplantation. Therefore, selection bias exists, which is inherent

to the analysis of registries. The UNOS also does not register HCC

recurrence, which would be valuable as HCC recurrence rates can

be up to 20%, after which median survival is less than a year.41

Studying these data in HCC MELD>30 patients would be especially

interesting. Still, overall mortality is considered free from bias,

whereas disease-specific survival is not.47 Also, due to the small

number of transplantations in HCC patients with MELD(-Na)>30,

estimates were less reliable for that group. Lastly, the presented

time-dependent IPC-weighted analyses are complex and not intu-

itively interpreted. However, this complexity was needed to calculate

future survival without LT and to best answer the clinical question

of survival benefit. We attempted to translate complexity into an

easy-accessible online benefit calculator.
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Conclusion

In conclusion, on an individual level, transplanting patients with

HCC resulted in survival benefit. However, on a population level,

benefit was indirectly wasted, as non-HCC patients were likely to

gain more survival due to decreased liver function. Liver transplant

benefit scores offer equal survival stratification for (non-)HCC

patients. It is now possible online to calculate these scores based

on individual patient characteristics. Considering benefit better

resembles clinical reasoning and can optimize life years gained for

the whole waiting list population. Survival benefit scores could

therefore serve to more equally allocate scarce liver grafts amongst

patients eligible for transplantation.
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