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ABSTRACT 
Background & aims: Primary sclerosing cholangitis (PSC) patients with end-stage disease form a heterogeneous group. This heterogeneity complicates Laboratory Model for End Stage Liver Disease (LM) score prioritization on the liver transplantation (LTx) waiting list and has resulted in LM and MELD exception (ME) candidates. We aimed to compare LTx waitlist mortality between LM and ME PSC and non-PSC candidates as well as post-transplant survival. 
Methods: This nationwide study in the Netherlands included patients aged ≥18 years waitlisted for LTx from December 16th, 2006 through December 31th 2013. Data were recorded until November 2016. Exclusion criteria included reLTx, high-urgency status and combined organ transplantation. We used competing risk analysis, Kaplan-Meier estimates and Cox proportional hazards assumption. 
Results: A total of 852 candidates (146 PSC) were waitlisted during the ten-year study period, of whom 609 (71.5%) underwent LTx and 159 (18.7%) died. Although PSC patients had a longer waiting time until delisting compared to non-PSC patients in competing risk analyses (HR 0.73; 95%CI 0.61-0.88), they had a significantly better waitlist survival (HR 0.48; 95%CI 0.29-0.78). None of the ME PSC patients died on the waitlist, and they had a higher probability of LTx than LM PSC (time-dependent HR 6.87; CI 4.24-11.13) and ME non-PSC patients (time-dependent HR 2.14; 95%CI 1.29-3.56; p=0.003). After liver transplantation PSC patients alive at three years of follow-up had a higher probability of relisting than non-PSC patients (HR 7.94; CI 1.98-31.85) but a significantly lower mortality (HR 0.51; 95%CI 0.27-0.95).
Conclusions: Despite a longer waiting time, PSC patients have better waitlist survival than non-PSC candidates and a high probability of LTx after receiving exception points. Therefore, PSC patients have a better chance of timely LTx by current waitlist policy in The Netherlands. 

Word count abstract: 280 (max. 275)
Lay summary
By current policy for prioritization for liver donation in The Netherlands, patients with primary sclerosing cholangitis (PSC) have a longer waiting time on the liver transplantation waiting list compared to patients with other indications for liver donation (non-PSC). However, this does not result in increased waitlist mortality or a decreased chance of a timely liver transplantation. PSC patients that receive MELD exception points have a better chance of liver transplantation than non-PSC patients. 


Graphical abstract
For the graphical abstract of the current study we would like to refer to Supplementary Fig. 1. This figure provides a comprehensive overview of the cumulative outcomes during the study period. 

Introduction
Primary sclerosing cholangitis (PSC) is a chronic, slowly progressive cholestatic liver disease characterized by intra- and extrahepatic biliary strictures which may lead to (decompensated) liver cirrhosis [1, 2] The only curative treatment for end-stage PSC is liver transplantation (LTx) with an excellent survival of approximately 80% at 5 years [3-5].
Since December 2006 prioritization for liver donation in the Netherlands is performed using the Model for End-Stage Liver Disease (MELD) score, which aims to transplant patients at highest short-term mortality risk based on objective parameters [6, 7]. However, allocation of donor livers using the MELD score may be less applicable for PSC patients with other complications than decompensated cirrhosis [8, 9], such as recurrent episodes of cholangitis or hepatobiliary malignancies [8-12]. These complications are not associated with progressive worsened liver function and may hinder laboratory MELD (LM) score prioritization on the LTx waiting list. 
To counter this problem PSC patients frequently receive MELD exception (ME) points to enhance access to liver donation [13, 14]. However, the ME points system does not account for all (above-mentioned) PSC-associated complications. Consequently, it has been speculated that both LM and MELD exception (ME) PSC candidates have decreased waiting list survival compared with other end-stage liver diseases. 
Recent data from the USA reported contrasting results, as MELD score prioritized PSC patients were less likely to die or be removed from the LTx waiting list due to clinical deterioration, irrespective of ME points[15, 16]. Nevertheless, analyses in different cohorts are required as waiting list dynamics may vary among geographical areas, for instance due to differences in prevalence of PSC, indications for LTx, deceased organ donation rate and frequency of living donor liver transplantation. This study aimed to compare waiting list mortality as well as post-transplant outcomes between PSC and non-PSC patients by current waiting list policy in the Netherlands. 

Patients and methods 
Population and study design 
All patients aged ≥ 18 years listed for liver transplantation in the period from the introduction of MELD score prioritization in the Netherlands on December 16th, 2006 through December 31th 2013 were included. Patients were identified from the Dutch Organ Transplant Registry (NTS). Patients listed for re-transplantation, acute liver failure (high urgency-status (HU) on liver transplantation waiting list), or combined liver and kidney transplantation were excluded. 

Data collection 
The following clinical and laboratory data were obtained from the NTS: date of birth, sex, indications for LTx, date of listing, biochemistry at listing (bilirubin, creatinine and international normalized ratio (INR)), date- and reason of delisting, and post-transplant survival. Data were recorded until November 2016. Additional data on reason of waitlist removal and cause of death were collected from the medical records from the three liver transplant centres in the Netherlands: The University Medical Centres in Rotterdam, Groningen, and Leiden. Data from the Eurotransplant database were collected to evaluate whether MELD exception (ME) points were awarded during listing. Criteria for awarding exception points are standardized in the Eurotransplant manual [17, 18]. In case of standard exceptions (SE) recipients must fulfil country and disease-specific criteria, whereas non-standard exceptions (NSE) have to be approved by a national audit group.
This study was conducted in accordance with the protocol and the principles of the Declaration of Helsinki. The protocol was approved by the Institutional Research Board of the corresponding center, and at each participating center, in accordance with local regulations.

Calculations
We calculated lab MELD score using the formula: 0.957 x Loge (creatinine mg/dL) + 0.378 x Loge (bili mg/dL) + 1.120 x Loge(INR) + 0.643. Laboratory values less than 1.0 were set to 1.0 in the calculation; maximum serum creatinine in the equation was 4.0 mg/dL; lab MELD scores exceeding 40 were adjusted to 40.[17]

Statistical analysis 
The primary outcome was mortality on the liver transplantation waiting list, defined as the combined endpoint of death or waitlist removal due to clinical deterioration. Removal due to clinical deterioration was considered equal to death, as a fatal outcome in patients “too sick to transplant” is nearly always inevitable. Patient removed due to clinical improvement, refusal and addiction- or mental problems, as well as waitlist candidates still alive on the waitlist at the end of follow-up were censored at withdrawal from the waiting list or end of the study. 
Statistical analyses were performed with IBM SPS Statistics version 22.0 (IBM Corp. Released 2013, IBM Corop, Armon, NY) and SAS software version 9.3.). Data are presented as median and interquartile range (IQR) for continuous variables. Differences in baseline characteristics were compared using the chi-square test for categorical variables, and the Wilcoxon rank-sum test for continuous variables. A value of p<0.05 was considered to be statistically significant.
In our study the three competing outcomes on the waitlist were LTx, death and removal for other reasons. In survival analyses patients are assumed to have only one type of event during follow-up (e.g. death). However, patients can experience other event types as well (e.g. LTx). In this context there are competing events; the occurrence of one event prevents the other from happening (e.g. a patient that dies before LTx). Conventional survival analysis yields therefore less accurate estimates of waitlist survival; overestimation of the probability of death on the waitlist on one hand and underestimation of the probability of LTx on the other hand[19, 20]. Therefore, to determine whether there were significant differences between PSC and non-PSC patients in waitlist survival we performed competing risk analyses. This method uses cumulative incidence curves based on survival functions per event type and permits simultaneous assessment of the different outcomes [19, 20].
To determine whether there were significant differences between ME and LM candidates in waitlist survival, the impact of individual covariates on the instantaneous hazard rate of events was assessed with univariate and multivariable Cox proportional hazards models. The time until patients received ME points was modelled as a time-dependent covariate. In multivariable analyses we used informal methods, keeping ME points and PSC versus non-PSC as a covariate in the model, as well as backward stepwise selection containing covariates with p<0.20 in univariable cox regression. 
For transplanted patients, we assessed post-transplant outcomes (relisting for LTx or death) using Cox Proportional Hazard analyses. For the assessment of relisting for LTx we used the Landmark method [21]. In these analyses time starts at a clinically meaningful fixed time point after an intervention or initiation of therapy. As the one of the main reasons for relisting for LTx in PSC patients is recurrence with a median time to recurrence ranging from 3 to 5 years [22-26] we chose 3 years as a fixed time-point, but also applied the landmark method at multiple time points between 1 and 3 years of post-transplant follow-up.

Results
Study population characteristics 
During the study period 852 candidates (146 PSC and 706 non-PSC) were listed for LTx in the Netherlands. The main indications for liver transplantation were hepatocellular carcinoma (HCC) (n=237), cholestatic liver disease/auto-immune hepatitis (n=218), alcoholic liver disease (n=142) and viral hepatitis (n=77) (Supplementary Table 1). Two thirds were male (68.0%); the (median (IQR)) age was 54.0 (46-61) years. PSC patients were significantly younger than non-PSC patients (p<0.001; Table 1). The median lab MELD score at listing was not significantly different between PSC patients and non-PSC patients. Bilirubin was higher in PSC patients while creatinine and INR levels were significantly higher in non-PSC patients (p<0.001; Table 1). 
During the study period ME points were granted to 22/146 (15.1%) PSC patients and to 228/706 (32.3%) non-PSC patients (HR 0.34; (95% confidence interval [CI]): 0.22-0.53; p<0.001). In sub-analyses, HCC patients had higher probability of receiving ME points (HR 10.1; CI 6.39-16.0; p<0.001) compared to PSC, whereas patients with alcoholic and patients with viral liver disease had a lower chance (HR 0.32; CI 0.12-0.83; p=0.020 and HR 0.23; CI 0.05-0.98; p=0.026), respectively). 

Outcomes on the liver transplantation waiting list
At the end of follow-up of median 214 (IQR 62-435) days (range 8.8 years), 609 patients (71.5%) underwent LTx, 159 (18.7%) died or were withdrawn due to clinical deterioration, 60  (7.0%) were withdrawn for other reasons, and 24 (2.8%) were still on the waiting list as of the November 2016 (Supplementary Fig. 1). None of the PSC patients died or deteriorated due to fulminant cholangitis. A total of 36 (4.2%) patients were removed because of clinical improvement ((6/146 (4.1%) PSC and 30/706 (4.2%) non-PSC patients)) and 24 (2.8%) ((2/146 (1.4%) PSC and 22/706 (3.1%) non-PSC patients)) for other reasons (refusal, addiction- or mental problems) (Table 2). 
Eighteen (14.5%) of the 124/146 (84.9%) PSC patients prioritized on lab MELD scores died; 8 (6.5%) were removed from the waitlist, 90 (72.6%) received  LTx, and 8 (6.5%) were still alive on the waitlist as of the November 2016. One hundred and fourteen patients (23.8%) in the LM non-PSC group (478/706 (67.7%)) died, 44 (9.2%) were removed from the waitlist, 309 (64.6%) received LTx and 12 (2.5%) were still alive on the waitlist as of the November 2016 (Supplementary Fig. 1). 
None of the PSC patients prioritized on (N)SE MELD scores (22/146; 15.1%) died during follow-up, and all these patients received a LTx. Twenty-seven patients (12%) in the ME non-PSC group (228/706 (32.3%)) died, 8 (3.5%) patients were removed from the waitlist, 188 (82%) received a LTx, and 4 (1.8%) were still alive on the waitlist as of November 2016.

Outcome on the LTx waiting list: longer waiting time and low mortality for PSC patients
Although PSC patients had a significantly longer waiting time until delisting compared to non-PSC patients (HR 0.73; CI 0.61-0.88; p=0.001) they had significant better waitlist survival (HR 0.48; CI: 0.29-0.78; p=0.003) in the cumulative incidence curves of the competing risk analyses (Fig. 1A and Fig 1B). There were no differences in the rate of liver transplantation between PSC and non-PSC candidates (HR 0.84; CI 0.69-1.03; p=0.101; Fig. 1A and Fig 1B). 
Patients who had received MELD exception points had a higher chance of LTx (time-dependent HR 4.60 (CI 3.78-5.61; p<0.001)) in multivariable analyses, adjusted for MELD score at listing and age at listing (Table 3). In addition, ME PSC patients had a significantly higher probability of LTx than had LM PSC patients (HR 6.87 (CI 4.24-11.13; p<0.001)) and ME non-PSC patients (HR 2.14 (CI 1.29-3.56; p=0.005)). The analyses revealed that the effect of age at listing was not significantly different between PSC and non-PSC patients (p-value for effect-modification 0.442).
In univariate analyses ME points (time-dependent covariate) had a numerical benefit, however not significant (p=0.069), whereas in multivariable analyses those receiving ME points had lower risk of waitlist mortality (Table 4). In addition, the multivariate analyses showed that the differences in waitlist survival between PSC and non-PSC patients observed in competing risk analyses are largely explained by age- and MELD scores at listing, and ME points. Older age and higher MELD scores were associated with a poorer prognosis whereas receiving ME points was associated with a better prognosis (Table 4). The analyses revealed that the effect of ME points and age at listing was not significantly different between PSC and non-PSC patients (p-value for effect-modification of PSC 0.944 for ME-points and 0.815 for age at listing). 

Post-transplant survival is better in PSC patients, although relisting is more common
Analysis of the data of 609 transplanted patients with a mean follow-up after the first liver transplantation of 5.89 years (range: 0 days – 9.07 years) revealed no differences between PSC and non-PSC patients for the combined endpoint of death or relisting for LTx (p=0.332) (Fig. 2A). Interestingly, in sub-analyses PSC patients had a significantly lower risk of death than non-PSC patients (HR 0.51; CI 0.27-0.95; p=0.035; Fig. 2B). The post-transplant survival rate at 1, 3 and 5 year(s) of follow-up was 91.7%, 90.5%, and 90.5% in PSC patients, while these rates were 91.2%, 83.5% and 75.6% in non-PSC patients. Proportions of patients relisted for LTx did not significantly differ between the PSC and non-PSC groups (p=0.763). However, after 3 years of follow-up there was a clear distinction between PSC and non-PSC patients in this respect. The relisting rates for LTx at 1, 3 and 5 year(s) were 10.7%, 14.7% and 26.8% in PSC patients, while these rates were 12.8%, 15.4% and 17.5% in non-PSC patients. An increased HR of relisting in PSC patients in patients still alive at three years of follow-up, and over the period 1- and 3 years post-transplant (HR hazard of relisting 7.94; CI 1.98-31.85; p=0.003) as compared to non-PSC patients was observed according to the landmark method [21] (Fig. 2C).

 
Figures 
Fig. 1. Cumulative incidence curves of outcomes on the liver transplantation waiting list in PSC and non-PSC patients
Competing risk analyses with cumulative incidence curves comparing the outcomes on the LTx waiting list (removal, death or clinical deterioration, Ltx,  and still alive) between PSC patients (Fig. 1A) and non-PSC patients (Fig. 1B). The cumulative incidence curves show that although PSC patients had a longer waiting time on the LTx waitlist (HR 0.73; CI 0.61-0.88; p=0.001), they had better waitlist survival compared to non-PSC patients (HR 0.48; CI: 0.29-0.78; p=0.003). The transplantation rate between both groups was equal (HR 0.84; CI 0.69-1.03; p=0.101).
*other reasons for removal from the waiting list including clinical improvement, patients’ refusal and addiction- or mental problems.  
Fig. 1A. Cumulative incidence curves of outcomes on the liver transplantation waiting list in PSC patients (n=146).    
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Fig. 1B. Cumulative incidence curves of outcomes on the liver transplantation waiting list in non-PSC patients (n=706) 
[image: ]

Cumulative incidence of post-transplant relisting and death 
[bookmark: OLE_LINK1]Kaplan Meier estimates of post-transplant outcomes, stratified according to main indication for liver transplantation (PSC versus non-PSC). Fig. 1A represents cumulative incidence of relisting for liver transplantation or death, whichever came first. There were no differences between PSC and non-PSC patients (p=0.301). In subanalyses, PSC patients alive after 3 years post-transplant follow-up had higher probability of relisting for LTx compared to non-PSC patients (hazard of relisting 7.94; CI 1.98-31.85; p=0.003; Fig. 2B). Overall, PSC patients had a lower risk of post-transplant death compared to non-PSC patients (HR 0.51; CI 0.27-0.95; p=0.035; Fig. 2C). 
aGrey area represents interval in which the landmark method was applied.



Fig. 2A. Cumulative incidence of relisting for LTx or death 




Fig. 2B. Cumulative incidence of post-transplant death 






Fig. 2C. Cumulative incidence of relisting for LTx





DISCUSSION 
The results of this nationwide study in the Netherlands demonstrate that under current policy for liver donation prioritization the waiting time for PSC patients is longer than that of patients with other indications for liver donation. However, this does not result in increased waitlist mortality or a lower probability of liver transplantation. Moreover, PSC patients who have received MELD exception points have a higher probability of liver transplantation than non-PSC patients and no mortality during waiting for LTx was observed in these patients. Lastly, our study suggests that post-transplant PSC patients have better post-transplant survival than non-PSC patients, although they are more often relisted for liver transplantation. 
Our study results are in accordance with those of Freeman et al. (2004) [27], who reported a lower risk of death or removal from the LTx waitlist in PSC patients compared to other indications for LTx after the introduction of MELD allocation in the USA. Moreover, our findings match those from a Scandinavian study that found an equal probability of LTx for PSC patients (n=255) and non-PSC patients (n=610) and lower waitlist mortality in PSC patients (3% vs. 7%; p=0.026) [28]. These results are not directly applicable to the Netherlands or the USA, however, as Scandinavian countries do not use the MELD score for liver allocation. Lastly, a recent nationwide study from the USA in more than 79.000 patients reported that MELD score-allocated PSC patients were less likely to die or be removed from the LTx waiting list due to clinical deterioration compared to non-PSC patients, irrespective of MELD exception points [15]. Our finding of lower waitlist mortality in PSC and non-PSC patients in competing risk analyses seem to beare consistent with these findings. HoweverIn addition, our analyses show that receiving MELD exception points advantages candidates, especially PSC patients and that age- and MELD scores at listing are important predictors of waitlist mortality. 
The MELD score comprises laboratory parameters that may not reflect PSC disease severity [6, 7, 29].  As such, as observed in the current study, time on the LTx waitlist may be longer for PSC patients, thereby increasing the risk of development of PSC-associated complications [14, 15]. In this regard especially cholangiocarcinoma (CCA) which develops in 6-36% of PSC patients during life-time is an important complication [9, 12, 30, 31]. Nonetheless, only 3 (2%) patients were withdrawn because of CCA in the current study. This can be explained by CCA being a contra-indication for liver transplantation during the study period [17]. In addition, none of the PSC patients died or deteriorated due to fulminant cholangitis, which is one of the PSC-associated complications suggested to affect waitlist mortality and for which standard ME points can be granted [17, 18]. This finding is in keeping with Goldberg et al. (2012) [16], who in their study found that none of the PSC patients were removed from the waitlist because of bacterial cholangitis and that episodes of cholangitis were not associated with increased waitlist mortality. 
Although the exact reasons for relisting after the first liver transplantation in the current study are unknown, one might speculate that the observed higher probability of relisting in PSC patients was due to recurrent disease. While the 5-year post-transplant survival of PSC exceeds 80% [3-5], approximately 20% of PSC patients will develop recurrent disease within a median time of 3-5 years [22-26]). This is associated with increased risk of graft loss and mortality [25, 26, 32]. Interestingly, recently published data from the United Network for Organ Sharing (UNOS) by Henson et al. (2016) [33] indicates that PSC patients with a late re-transplantation for recurrent disease have an excellent 5-year graft survival of approximately 75.7%. Based on these - and our- results, one might argue that PSC patients have a high ‘transplant benefit’; meaning a high post-transplant survival in addition to post-acceptance survival. From an economic and ethical perspective this is an important consideration in prioritization for liver donation. The high transplant benefit in PSC patients may warrant currently observed waiting list advantage. 
Strengths of our study are its nationwide coverage and long-term follow-up period from 2006 through 2016. Furthermore, we used competing risk analyses. Whereas normal survival analyses would have provided an overestimation of the risk of death or clinical deterioration and an underestimation of the probability of LTx, our analyses provide a reliable overview of LTx waiting list survival. Moreover, in addition to an in-depth analysis of the influence of ME points on waitlist survival we assessed “transplant benefit” (the combination of post-acceptance and post-transplant survival) of the current allocation system. As such we provide a comprehensive overview of LTx waiting list dynamics of PSC patients in the Netherlands. However, some limitations need to be considered. First, our analyses were based on hard clinical endpoints while an important aspect of PSC is quality of life, which may be significantly impaired [34, 35]. It would be highly interesting to study quality of life on the LTx waiting list between the different indications for liver donation. In addition, it would be interesting to study the reasons for granting ME points to PSC patients and to assess how often these are received for quality of life reasons. Second, the cohort comprised a large group of HCC patients. As early-stage HCC patients receive standard ME points this could have influenced the results. Still, when we excluded the HCC group from analysis we found no differences in granting ME points in PSC versus non-PSC patients, and the results of all other analyses remained unchanged. 
In conclusion, this nationwide study in the Netherlands confirms previously reported challenges in granting equal access to donor livers across patients with various end-stage liver diseases. Despite a longer waiting time, current MELD score prioritization, and the MELD exception points system, advantage PSC patients on the liver transplantation waiting list in The Netherlands. These findings need to be weighed against higher transplant benefit in PSC patients during the continuous process of reassessment and adjustment of liver transplantation prioritization.
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Tables
Table 1. Baseline characteristics

	
	
	Total cohort

N=852
	PSC patients     

n=146
	Non-PSC     
patients
n=706
	P-value

	Gender, male
	579 (68)
	106 (73)
	473 (67)
	0.186

	Age at listing 
	54.0 (46-61)
	46.5 (39-54)
	56.0 (49-61)
	<0.001

	Bloodtype
	
	
	
	0.828

	    O
	392 (46) 
	66 (45)
	326 (46)
	

	    A
	314 (37)
	58 (40)
	314 (44)
	

	    B
	102 (12)
	15 (10)
	102 (14)
	

	    AB
	44 (5)
	7 (5)
	44 (6)
	

	Laboratory values at listing 
	
	
	
	

	    Total bilirubin (µmol/L)
	38 (16-87)
	60 (27-136)
	35 (16-76)
	<0.001

	    Creatinine (µmol/L)
	71 (58-89)
	63 (52-77)
	72 (60-93)
	<0.001

	    INR
	1.3 (1.1-1.5)
	1.2 (1.0-1.4)
	1.3 (1.1-1.5)
	<0.001

	MELD score: median (IQR)
	13.0 (9.0-18.0)
	13.5 (9.0-18.0)
	13.0 (8.0-18.0)
	0.532


Data are presented as number and percentage for categorical data, or as median and interquartile range for continuous data. P values are calculated using the chi-square test for categorical variables and Wilcoxon rank-sum test for continuous variables. 


Table 2. Waitlist removal due to death or clinical deterioration

	
	Total cohort

(N=159)
	PSC patients

(n=18)
	Non-PSC patients

(n=193)

	End-stage liver disease/
Acute on chronic liver failure
	
62 (39)
	
8 (44)
	
54 (38)

	Infection/ sepsis
	20 (13)
	6 (33)
	14 (9.9)

	SBP
	6
	2
	4

	Pneumonia
	3
	1
	2

	Focus unclear
	11
	3
	8

	Bleeding
	          11
	0
	11 (7.8)

	Progression malignancy
	45 (28)
	4 (22)
	41 (29)

	CCA
	3
	3
	0

	HCC
	39
	0
	39

	Other
	4
	2
	2

	Other (non-liver related)
	12 (7.5)
	0
	12 (8.5)

	Unknown
	 9 (5.7)
	0
	9 (6.4)


Data are presented as number (and percentage) and represent the cumulative occurrence of endpoints in the period from waiting list acceptance until the end of the study in November 2016. 

Table 3. The time-dependent association of MELD exception points with liver transplantation
	
	Univariable analysis
	Multivariable analysis

	
	HR
	95% CI
	p
	HR
	95% CI
	p

	Male sex
	0.97
	0.82
	1.15
	0.725
	
	
	
	

	Age at listing
	1.01
	1.00
	1.02
	0.046
	1.02
	1.01
	1.02
	<0.001

	MELD score at listing
	1.10
	1.08
	1.12
	<0.001
	1.10
	1.09
	1.12
	<0.001

	MELD Exception 
	3.59
	3.01
	4.28
	<0.001
	4.60
	3.78
	5.61
	<0.001

	pointsa
	
	
	
	
	
	
	
	

	PSC vs. non-PSC
	0.84
	0.69
	1.03
	0.101
	1.06
	0.83
	1.35
	0.564

	MELD exception points*PSCb
	
	
	
	
	2.14
	1.29
	3.56
	0.003


aTime-dependent covariate in univariable and multivariable analyses.
b The effect of receiving MELD exception points on the probability of liver transplantation was significantly different between PSC and non-PSC patients (interaction). 




Table 4. Association of MELD exception points with death or clinical deterioration
	
	Univariable analysis
	Multivariable analysis

	
	HR
	95% CI
	p
	HR
	95% CI
	p

	Male sex
	1.11
	0.80
	1.54
	0.538
	
	
	
	

	Age at listing
	1.04
	1.02
	1.06
	<0.001
	1.05
	1.04
	1.07
	<0.001

	MELD score at listing
	1.11
	1.09
	1.13
	<0.001
	1.15
	1.13
	1.18
	<0.001

	MELD Exception 
	
	
	
	
	
	
	
	

	pointsa
	0.67
	0.44
	1.03
	0.069
	0.43
	0.28
	0.68
	<0.001

	PSC vs. non-PSC
	0.48
	0.29
	0.78
	0.003
	0.72
	0.43
	1.21
	0.211


aTime-dependent covariate in univariable and multivariable analyses.

SUPPLEMENTARY TABLES EN FIGURES

Supplementary table 1  Main indications for liver transplantation
	
	Frequency, n
	Percentage, % 

	Hepatocellular carcinomaa
	237
	28

	Cholestatic liver disease / auto-immune hepatitis
	218
	26

	    PSC
	146
	17

	    PBC
	29
	3.4

	    AIH
	30
	3.5

	    Other
	13
	1.5

	Alcoholic liver disease
	142
	17

	Viral hepatitis
	77
	9.0

	    HBV
	24
	2.8

	    HCV
	53
	6.2

	Metabolic liver disease
	93
	11

	    NASH
	45
	5.3

	    Alpha-1-antityripsin deficiency
	13
	1.5

	    Haemochromatosis
	11
	1.3

	    Other
	24
	2.8

	Otherb
	36
	4.2

	Cryptogenic
	49
	5.8

	Total
	852
	100

	aUnderlying disease in HCC was (indication (frequency)): alcoholic (65), HBV (34), HCV (85), PSC (5), PBC (4),  holestatic other and AIH (4), metabolic (23) (NASH in 16 patients), other (2), cryptogenic (11), and unknown in 4 patients. 
b‘Other’ includes ‘Toxic-drugs related’, ‘Polycystic liver disease’, ‘Vascular liver disease’ and ‘benign liver tumors’. 
AIH, autoimmune hepatitis; HBV, hepatitis B virus; HCV, hepatitis C virus; NASH, non-alcoholic steatohepatitis.







Supplementary Fig 1. Flow diagram of outcomes in the current study.
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Supplementary Fig 1. Flow diagram of outcomes
Patients granted MELD Exception (ME) points in the period from waiting list acceptance (cumulative) until the end of the study in November 2016 are included in the group ‘Exception points’. Numbers represent cumulative occurrence of endpoints in the period from waiting list acceptance until the end of the study in November 2016. 
aRemoval for clinical improvement, patients’ refusal and addiction- or mental problems
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