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1. Executive summary 

1.1. In this document, organ allocation refers to the offering of livers from deceased donors to 

adult elective NHS group 1 ‘active’ registrations for a liver only transplant. 

1.2. Due to minor variability between centres in the values of some laboratory test results that 

are used in models predicting survival on the transplant list and post-transplant, centre-

specific correction factors will need to be developed if national allocation proceeds. 

1.3. Models to produce predictions on the risk of dying on a transplant list and post-transplant 

have been developed and can appropriately assess the risk on those with and without an 

Hepatocellular Carcinoma (HCC). 

1.4.  We considered the outcome after all 629 adult elective transplants registrations during 

2013 and compared that to the predicted outcome if the organs had been allocated on 

the basis of need (greatest risk of dying on a transplant list), utility (greatest chance of 

surviving after transplantation) and transplant benefit (greatest net life years gained). 

1.5. Fewer registrants are predicted to die on the transplant list with allocation by need or 

transplant benefit. 

1.6. Survival from point of registration is greatest with transplant benefit and need based 

allocation and lowest with current allocation. 

1.7.  The Fixed Term Working Unit (FTWU) recommends that the Liver Advisory Group (LAG) 

should consider transplant benefit based allocation as the optimum and needs based 

allocation as a second alternative. Allocation by utility and by the current centre based 

method is predicted to give worse outcomes.  

1.8. The FTWU considers that HCC are appropriately allocated in the transplant benefit 

allocation model. 

1.9. The FTWU considered a number of options to address low UKELD Variant Syndromes 

(LUVS) with a low risk of mortality on the transplant list and recommends using a 
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proportion of the donor pool specifically for these cases, defined by the proportion of 

new low UKELD variant syndrome registrants. 

1.10. The FTWU recommends that once introduced any new allocation scheme will need 

continuous monitoring to identify if there are any specific new disadvantaged groups of 

patients, with the opportunity for scheme check-points for modifications (if required) 

three times over the first five years of running. 

1.11. The FTWU recommends that further real time shadow donor offering is undertaken 

during 2015 to identify centre decline rates and give units experience of using the current 

predictive models for transplant list and post-transplant mortality.  

1.12. More work is needed; to better define HCC diagnostic criteria; to regularly update HCC 

parameters (size, number, AFP); to explicitly define low UKELD variant syndromes; to 

examine additional parameters including surrogates for CIT; to examine the impact of 

alternative distribution (local, regional) of organs; to examine the possibility of continuing 

simulation for 18 months.  

 

2. Lay summary 

2.1. The FTWU has been asked to try to find if there is a better way to allocate organs for liver 

transplantation.   

2.2. We have decided that a better system ought to be transparent, have the confidence of all 

stakeholders, have the lowest number of deaths on the transplant waiting list and 

maximize survival from the point when a patient is registered for their transplant. 

2.3. We compared to the outcome of liver donor allocation for adult elective transplantation as 

currently performed in each centre during 2013 to the predicted outcomes if that same 

donor had been allocated to the patient with the greatest risk of dying without a 

transplant (needs-based allocation), or to the patient with the best chance of surviving 

the transplant (utility-based allocation), or to the person who had most years of life to 

gain from the transplant (transplant benefit based allocation). 

2.4. We found in our simulation that transplant benefit based allocation was predicted to give 

the least number of deaths on the transplant list and the best survivals from the point of 

registration when measured for 5 years after a transplant.  We are recommending that 

method of allocation to LAG. 

2.5. More work will be needed to refine this proposal before implementation and there will 

need to be regular checks once introduced to ensure that there are no specific 

disadvantaged groups.  
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3. Allocation FTWU. 

3.1. A FTWU was set up in November 2013 to consider core organ allocation. Membership is 

given in Appendix A. The FTWU has met on 6 occasions and included a representative from 

the HCC FTWU (Mr. James Powell – Edinburgh), the Variants FTWU (Dr. James O’Beirne - 

RFH, Dr. Alastair MacGilchrist – Edinburgh) and patient representatives for the last two 

meetings.  All present have ratified this report. 

3.2. The FTWU undertook two projects; an assessment of the variability in UKELD parameters 

across UK transplant centres using quality assurance (QA) data, and a comparison of the 

outcome of elective adult transplantation by centres during 2013 with simulations of 

transplantation with organs allocated by need, utility or transplant benefit.  Details of the 

methodology and results are given in supporting papers (LAG(14)31b, LAG(14)31c and 

LAG(14)31d). 

 

4. Assessing variability in UKELD scores across United Kingdom liver transplant centres 

(LAG(14)31b) 

4.1. Six centres use the National External Quality Assurance Service (NEQAS) to externally 

validate their laboratory results for serum sodium, bilirubin and creatinine.  All seven 

centres use NEQAS for INR validation. Results from Newcastle were not analysed for serum 

NA, bilirubin and creatinine as their QA is undertaken in Wales.  No differences were found 

between the seven centres in INR values while statistically significant differences in serum 

Na, bilirubin and creatinine were observed between the six centres assessed by NEQAS. 

4.2. The observed variability might result in differences in calculated UKELD of up to 2 points. 

4.3. The results have been discussed with the NEQAS staff who accept that whilst the variations 

observed between centres is not outside the acceptable range of laboratory variability it 

might combine to impact on scores which include those parameters. NEQAS data only 

validates samples within the normal range and there may be additional variability between 

centres from very high/low range parameters arising from patients with liver disease. 

4.4. Variability in estimation of AFP will also need to be examined. 

Recommendation 1; unit based correction factors for some pathology tests will be required for 

any national liver transplant allocation scheme.  
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5. Simulation methodology (LAG(14)31c) 

5.1. The outcomes with current centre-based allocation using real donors during 2013 were 

compared in 3 simulations of allocation according to the probability of dying on the 

transplant list (needs-based allocation), the probability of surviving after transplantation 

(utility-based allocation) and allocation based on estimated life years gained (transplant 

benefit based allocation). 

5.2. Primary outcomes were the number of deaths on the transplant list (pre-transplant 

mortality) and the survival from point of registration (population life years).  Secondary 

outcomes were survival 1 year post transplant in the four allocation methods, the % of each 

aetiology dying on the list/transplanted and the impact on the allocation methods on HCC 

cases and those with variant syndromes. 

5.3.  The simulations included all adult elective NHS group 1 patients listed for a liver only 

transplant and with an ‘active’ status in 2013 for chronic liver disease (UKELD > 49), HCC 

and variant syndromes.  

5.4. Every time an organ became available in 2013, an expected survival without a transplant 

from the point of offering up to 5 years was generated on a patient-by-patient basis. 

Patients with low predicted survival on the list ranked high in their need for a transplant 

whereas patients with high predicted survival ranked low. The organ was offered, assumed 

accepted and therefore allocated on the need model to the patient ranking the highest.  A 

similar principle was followed in the utility model except that patients were ranked 

according to their expected survival with a transplant from the point of offering up to 5 

years. The transplant benefit model ranked patients according to the difference between 

their expected survival with and without a transplant. 

 

6. Results (LAG (14)31d) and discussion 

6.1. For the two primary outcomes of the number of cases predicted to die on the transplant list 

and the survival from registration (population life years) a benefit based allocation gave the 

best results followed by needs based allocation (Table 1). 

6.2. The models were considered to have adequately assessed priority for HCC by using tumour 

number, max diameter and AFP values.  Fewer HCC cases were predicted to die/be 

removed from the transplant list with all simulated allocation schemes compared to current 

allocation.  The impact of new selection criteria for HCC (AFP cut-off, down-staging etc) is 

being addressed elsewhere. 
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Recommendation 2;  The FTWU recommends that LAG should consider transplant benefit based 

allocation as the optimum and needs based allocation as a second alternative for categories 

chronic liver disease with UKELD > 49 and those with an HCC.  Allocation by utility and by the 

current centre based method is predicted to give worse outcomes. 

 

Recommendation 3; The FTWU recommends; regular 3 monthly updating of HCC parameters on 

the transplant list to be introduced from 2015; improved definition of radiological methods and 

scanners used FOR DEFINING AN hcc.  

 

6.3. Mortality within different Variant Syndrome diagnoses between 1st Jan 2009 and 31st Dec 

2012 was considered.  It was agreed that Diuretic Resistant Ascites (DRA) and chronic 

hepatic encephalopathy were not associated with an altered risk of mortality than that 

predicted by UKELD. The numbers with a low UKELD DRA were very small.  Mortality was 

low in familial amyloidosis, primary hyperlipidemia, polycystic liver disease and to a lesser 

extent in recurrent cholangitis (2 of 12 in 4 years), hepato-pulmonary syndrome (1 of 8 in 4 

years) and intractable pruritus (6 of 28 in 4 years).  

6.4. During the simulation period, there were 60 active registrations in the six categories 

discussed above (4.7% of all registrants).  Fourty-five of these 60 registrants had a  

UKELD < 49 (3.5% of all registrants) and 14 actually received a transplant that year. 

6.5. Four options were considered for the LUVS; to give them no extra priority; to give them 

escalating priority points dependent on time waiting on the transplant list; to give them 

priority points equivalent to the median of all registrants so that their predicted time to 

offer of a donor was the same as the median for all patients; to identify a proportion of 

donors equal to the proportion of LUVS registrations each year and utilize that donor pool 

for them.  On the latter scheme, if for example LUVS represent 3% of the elective 

registrants they would be offered every 33rd donor; within the national LUVS pool those 

donors could then be offered by donor zone and time on the transplant list. 

6.6. All enhanced prioritization schemes for LUVS will inevitably increase the risk of death on the 

transplant list for individuals who are registered with a high UKELD or an HCC. If there were 

629 elective donors used in 2013 and 3% LUVS then 19 donors would not be available to 

registrants with a higher risk of dying. 

Recommendation 4; those cases with a low UKELD Variant Syndrome should be allocated organs 

in proportion to their annual % of the total elective transplant registrant pool. 
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Recommendation 5; improved, auditable, definitions of low UKELD Variant Syndrome cases should 

be introduced. 

 

7. Next steps 

7.1. The FTWU considered additional requirements prior to introduction of any national 

allocation scheme. Allowing units experience of using the predictive models described here 

is important in order to generate confidence in the proposals. 

7.2. Discussion of the recommendations within patient groups and charities should also be 

promoted. 

7.3. Further real time shadow allocation by transplant benefit during 2015 run in parallel with 

current unit based allocation would allow estimation of a unit’s decline rate for liver offers. 

7.4. More work is needed to examine additional parameters that might be included in the 

models including surrogates for cold ischaemia time (CIT),  to examine the impact of 

alternative distribution (local, regional, contiguous zones) of DBD/DCD organs. 

Recommendation 6; the FTWU recommends that further real time shadow donor offering is 

undertaken during 2015 to identify centre decline rates and give units experience of using the 

current predictive models for transplant list and post-transplant mortality.  

 

Recommendation 7; the impact of additional parameters within the models such as CIT is 

required as is the impact of alternative DBD/DCD organ distribution (local, regional, 

contiguous zones). 

 

Appendix A 

1. Membership of the FTWU 

Prof. Dave Collett – Statistics, NHS Blood and Transplant (NHSBT), Bristol 

Dr. Elisa Allen – Statistics, NHSBT, Bristol 

Dr. Varuna Aluvihare – King’s College Hospital, London 

Dr. Alex Gimson – (FTWU chair) Addenbrooke’s Hospital, Cambridge 

Mr Ernest Hidalgo – Leeds Royal Infirmary 

Prof. John O’Grady (LAG chair) – King’s College Hospital, London 

Dr. Tahir Shah – Queen Elizabeth Hospital, Birmingham  

Dr. Doug Thorburn – Royal Free Hospital, London 
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2. Other attendees; 

Mr John Crookenden – patient representative – October 29th 

Dr Alastair MacGilchrist – Edinburgh - 29th October 

Dr James O’Beirne – Royal Free Hospital – 29th October 

Mr James Powell – Edinburgh – 29th October 

Ms Martine Walmsley – PSC Support, patient representative – 5th November  
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1. Executive summary

1.1. The international normalised ratio (INR), creatinine, sodium and bilirubin

measurements are used to calculate a patient’s UK end-stage liver disease (UKELD)

score –an indication of the severity of their liver disease.

1.2. An allocation scheme that uses these four markers in the models to rank patients for

transplantation on a national basis needs to ensure that variability between the

values of the markers measured by different laboratories around the country does

not adversely impact prioritisation of patients.

1.3. Data were obtained from the UK National External Quality Assessment Service (UK

NEQAS) on INR, creatinine, sodium and bilirubin.

1.4. The UK NEQAS programme distributes samples to transplant centres from single

donations or as minimum number of donors as possible, thus removing patient

effects. Transplant centres return measurements on the four markers. UK NEQAS

data can therefore be used to determine whether measurements on the markers

differ systematically between transplant centres. Note, however, that the samples

are not from patients with liver disease and data configuration will be different if

considering patients on the liver transplant waiting list.

1.5. There was no evidence of significant differences between mean INR values obtained

at different transplant centres over the time period of study (F6,267=1.39; p=0.22). In

contrast, there was strong evidence of significant differences between mean values

obtained at different transplant centres over the time period of study for sodium

(F5,1676=330.06; p<0.0001), bilirubin F5,1613=158.41; p<0.0001) and creatinine

(F5,1681=82.80; p<0.0001).

1.6. The observed variability might result in differences in calculated UKELD of up to 2

points. However, these conclusions have been drawn from data on patients without
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liver disease and it is unknown whether similar results would follow from data from

liver transplant patients.

1.7. Centre-specific correction factors will need to be developed if a national allocation

proceeds.
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2. Introduction

The current liver allocation system

The current allocation system for livers from donors after brain death (DBD) uses the

United Kingdom End-Stage Liver Disease (UKELD; [1]) score to rank adult elective

patients on the transplant waiting list and thus prioritise potential recipients according to

the severity of their chronic liver disease. The offering of a DBD liver is made, in the first

instance, to the transplant centre on which zone the donor occurs. The transplant centre

has the prerogative to allocate the liver amongst a local waiting list of patients; the

patient on the transplant centre’s waiting list with the highest UKELD score is typically

prioritised for transplantation.

The UK liver transplant community is currently seeking to move from a centre-based

liver allocation system to a national system in which organs are allocated to a patient

irrespective of the centre to which they are registered or the donor zone where the organ

occurs. If a UK-wide allocation system is to be initiated and the UKELD score is to be

part of it, there is a need to ensure that variability between UKELD scores measured by

different biochemical and haematological laboratories around the country does not

adversely impact prioritisation of patients.

The UKELD score

The UKELD score is calculated using four parameters measured in patients’ blood at the

time of registration to the liver transplant list; creatinine, bilirubin, sodium and the

international normalised ratio (INR; [6]).

Evidence has been found for lack of agreement in measurements of creatinine and

Model for End-Stage Liver Disease (MELD) scores –a severity score similar to the

UKELD– between UK liver transplant centres. In a controlled study conducted by

Goulding et al. [2], significant differences were found between creatinine values

measured on the same blood samples by four UK transplant centres (p<0.05; Wilxocon

signed-rank test). Similarly, the MELD scores calculated by one of the centres were

found to be significantly different to those calculated by the rest of the centres (p<0.05).
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The INR is a normalized version of the prothrombin time (PT); a measure of the clotting

tendency of blood. There are many different reagents and instruments available to

measure PT, each of which produces results that vary to a greater or lesser extent. The

INR was devised to standardize PT results. The INR is calculated as:

in which the control PT is derived from the geometric mean of

the PT for 20 or more healthy subjects, and the ISI is the International Sensitivity Index,

which takes both the PT reagent and the specific instrument used into account ([6] and

references therein). A 2005 study [4] suggested that despite international calibration

efforts there were still statistically significant differences between various methods used

to measure PT. Moreover, the INR is used as a marker of liver damage in patients

assessed for a transplant and registered onto the transplant list. However, it was never

designed nor validated for patients with liver disease, which has generated an

international debate on the validity of INR to prioritise patients for liver transplantation [8]

and motivated the development of a number of potential alternatives [6].

This study addresses the need to assess whether the inter-laboratory variability of

UKELD parameters is statistically significant or not, so that consistency in minimum

listing criteria amongst liver transplant centres is ensured and, should there be a national

system of organ distribution and/ or allocation, safeguard against miss-prioritisation of

patients.

3. Data and methods

Data were obtained from the UK National External Quality Assessment Service (UK

NEQAS) on INR, creatinine, sodium and bilirubin measurements for the period 1 April

2008 to 31 March 2013. INR data were obtained from all seven UK liver transplant

centres while biochemical values were obtained from only six centres; biochemical data

from Newcastle’s Freeman Hospital was not available.

INR data

Surveys ---
Samples for tests of blood coagulation were distributed six times a year (every two

months) to UK transplant units during the period of study. Let each occasion in the year

when samples were distributed be a survey. Each participating laboratory received two
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blood samples per survey. All samples were of lyophilised plasma from donors screened

for hepatitis B surface antigen and for antibodies to hepatitis C virus and human

immunodeficiency virus types 1 and 2. In the majority of cases, samples were from

single donations. All the control INRs used are from patients on vitamin K antagonists

and this may not be comparable to using controls from patients with liver disease.

Laboratory methods, reagents and target values ---
There exist two ways in which laboratories may measure INR; using Quick’s one-stage

or Capillary reagent methods. Within each analytical method, there are several different

reagents that may be used, including Siemens Innovin and HemosIL Recombiplastin 2G

for the former and Diagen and Helena for the latter. All samples included in this study

were analysed using Quick’s one-stage reagents.

Two types of median INR values are routinely determined by UK NEQAS as part of the

assessment exercise; an overall median for all results returned by participating

laboratories and a reagent median for specific reagent groups. The median INR is

subsequently used as a consensus, or target, value against which individual laboratory

measurements are assessed. UK NEQAS establishes a percentage deviation between

the measured INR value and the median INR within which measurements are

considered ‘within consensus’. In particular, ±15% deviation from median INR (reagent

median where user laboratories 10) is considered within consensus. Outside this

interval, values are deemed ‘outwith consensus’ and three consecutive surveys returning

outwith consensus values trigger a signal. It is in this way that the UK NEQAS scheme

ensures consistent performance among participating laboratories.

Clinical chemistry (sodium, bilirubin, creatinine) data

Surveys ---
Quality-assessment values for sodium, bilirubin and creatinine were obtained from three

blood samples that were distributed, as part of the regular UK NEQAS quality

assessment scheme, to each participating transplant centre every two weeks between 1

April 2008 and 31 March 2013. We shall refer to each of such distributions as a survey.

The majority of the blood and serum samples used by the UK NEQAS Scheme for

Clinical Chemistry were obtained from the National Blood Service. Emphasis was placed

on using minimum number of donors to prepare the samples.
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The scheme recommends that all samples in a given survey are analysed on the same

day, with the same batch of reagents and in the same analytical run, bath or calibration

cycle to ensure that unknown additional variability is minimised.

Laboratory methods and target values ---
Target values for sodium and bilirubin are calculated as the mean value in a survey.

There are different laboratory methods used to measure these variables (e.g. indirect

ISE, diazo) and a target value is calculated for each method. For creatinine, the enzymic

consensus mean (which agrees well with isotope dilution mass spectrometry) is used as

a single target. To eliminate the distorting effect of grossly atypical results, outliers are

trimmed by UK NEQAS from both tails of the ranked data set before calculating target

values, with a corrected estimate of dispersion (SD or CV) usually by the method of

Healy [3].

On a rolling 6-month time window, the scheme calculates performance scores called the

Bias (B) and Consistency of bias (C) scores. Estimates of these scores are based on 36

samples per laboratory, or on 12 surveys. The limits for acceptable performance for the

B score are defined as ±2% for sodium, ±10% for creatinine and ±15% for bilirubin. The

limits for the C score are 3%, 10% and 15% for sodium, creatinine and bilirubin,

respectively. B and C scores within the limits for acceptable performance are considered

‘within consensus’.

Statistical analysis

We fitted a mixed model to INR values, with transplant centre as the fixed effect and

sample number, survey number nested within sample number, and reagent type as the

random effects. We assumed that the experimental errors, or residuals, in this model are

normally distributed.

Similarly, a mixed model was fitted, independently, to serum sodium, bilirubin and

creatinine values. The model included transplant centre as the fixed effect and survey

number and sample number nested within survey as the random effects. The

experimental errors, or residuals, in this model were assumed normally distributed.

All multilevel models were fitted using restricted maximum likelihood estimation methods

[5] as implemented in the MIXED procedure of the SAS software, version 9.3 [7]. INR
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and Chemistry values were analysed in the logarithmic scale to fulfill the assumption of

normality of the experimental errors. Residual diagnostic plots, as implemented in the

MIXED procedure in SAS, were used to determine the most appropriate functional form

of INR and Chemistry values, and to verify the validity of the underlying assumption in

the model.

4. Results

Exploratory analysis of INR values

Figure 1 shows a boxplot of INR values measured throughout the time period of study

for the seven participating transplant centres. The length of the box represents the

interquartile range (the distance between the 25th and 75th percentiles), the ‘+’

represents the mean, the horizontal line in the box interior represent the median and the

vertical lines (or whisker) extend to the group minimum and maximum values. Outliers

are shown beyond the whisker. The purpose of our analysis is to assess whether these

distributions are significantly different amongst the seven liver transplant centres or not

while controlling for sources of variation in the system other than the source of interest;

that due to transplant centres.

Figure 1 Box-and-whisker plots of INR measurements obtained between 1 April 2008 and
31 March 2013, by liver transplant centre. Overall sample mean (n=324) =
3.0822. Centre-specific sample means: Addenbrookes (n=50) = 3.2666,
Birmingham (n=28) = 2.9373, Edinburgh (n=48) = 3.0746, Freeman (n=50) =
3.1520, Kings (n=50) = 2.9624, Royal Free (n=50) = 3.0646, St James (n=48) =
3.0585.
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The distribution of INR measurements by survey is shown in Figure 2. The variation

among surveys is substantial and justifies the use of blocking to diminish the effects of

variation due to survey number among blood samples.

Figure 2 Box-and-whisker plot of INR values measured between 1 April 2008 and 31
March 2013, by survey.

Figure 3 displays a boxplot of INR values (a) by reagent type and (b) by sample

number. There were seven reagents used in the study period, with frequency of use

ranging from 2 (Triniclot PT HTF) to 234 (IL HemosIL Recombiplastin 2G). There were

two blood samples per survey distributed to the transplant centres. Although minor, the

variation observed among reagents and samples requires accounting for in the

specification of the statistical model.

Figure 3 Box-and-whisker plots of INR values measured between 1 April 2008 and 31
March 2013, (a) by reagent type and (b) by sample number.

(a) (b)
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Mixed model for INR data

Table 1 reports the number of observations, estimated mean INR and the mean 95%

confidence interval (CI) for all seven liver transplant centres in the UK.

Table 1 Number of observations, mean estimate and 95% confidence interval of INR
values, by transplant centre.

Transplant Centre N Mean 95% CI

Addenbrooke’s 50 3.2048 2.7659 – 3.7132

Birmingham 28 3.1038 2.6717 – 3.6059

Edinburgh 48 3.1572 2.7210 – 3.6632

Newcastle (Freeman) 50 3.1923 2.7515 – 3.7036

King’s College 50 2.8661 2.3745 – 3.4596

Royal Free 50 3.1354 2.7026 – 3.6377

Leeds (St James) 48 3.1103 2.6807 – 3.6086

There was no evidence of significant differences between mean INR values obtained at

different transplant centres over the time period of study ( ).

Residual diagnostics suggested no evidence against the assumptions underlying the

postulated model and, therefore, supported its plausibility as the data generating

process.

Exploratory analysis of Chemistry values (sodium, bilirubin, creatinine)

Figure 4, Figure 5 and Figure 6 show boxplots of sodium, bilirubin and creatinine

values, respectively, measure throughout the time period of study for the six participating

transplant centres.
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Figure 4 Box-and-whisker plots of serum sodium values obtained between 1 April 2008
and 31 March 2013, by liver transplant centre. Overall sample mean (SD;
n=2020) = 137.70 (10.99). Centre-specific sample means (SD): Cambridge
(n=339) = 135.52 (10.32), Birmingham (n=329) = 138.37 (11.26), Edinburgh
(n=339) = 137.44 (10.94), King’s College (n=339) = 137.69 (10.88), Royal Free
(n=335) = 139.29 (11.43) and Leeds (n=339) = 137.95 (10.84).

Figure 5 Box-and-whisker plots of serum bilirubin values obtained between 1 April 2008
and 31 March 2013, by liver transplant centre. Overall sample mean (SD;
n=1955) = 18.57 (15.04). Centre-specific sample means (SD): Cambridge
(n=337) = 18.67 (15.48), Birmingham (n=324) = 16.18 (13.92), Edinburgh (n=321)
= 20.18 (16.41), King’s College (n=333) = 19.16 (14.91), Royal Free (n=313) =
17.58 (14.12) and Leeds (n=327) = 19.51 (14.98).
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Figure 6 Box-and-whisker plots of serum creatinine values obtained between 1 April 2008
and 31 March 2013, by liver transplant centre. Overall sample mean (SD;
n=2025) = 112.43 (75.95). Centre-specific sample means (SD): Cambridge
(n=339) = 119.22 (79.35), Birmingham (n=334) = 111.47 (78.15), Edinburgh
(n=339) = 107.07 (77.91), King’s College (n=339) = 111.25 (69.90), Royal Free
(n=335) = 112.52 (80.63) and Leeds (n=339) = 113.02 (69.03).

Mixed model for chemistry data (sodium, bilirubin, creatinine)

Table 2 reports the number of observations, estimated means for serum sodium, bilirubin

and creatinine, and the means’ 95% confidence intervals (CI) for the six participating

liver transplant centres in the UK.

Table 2 Number of observations, mean estimates and 95% confidence intervals of serum
sodium, bilirubin and creatinine values, by transplant centre.

Transplant Centre Analyte N Mean 95% CI

Cambridge Sodium 339 135.14 134.03 – 136.27

Bilirubin 337 12.72 11.47 – 14.10

Creatinine 339 105.99 100.88 – 111.38

Birmingham Sodium 329 137.91 136.77 – 139.06

Bilirubin 324 10.36 9.34 – 11.49

Creatinine 334 98.22 93.47 – 103.20
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Edinburgh Sodium 339 137.02 135.89 – 138.16

Bilirubin 321 13.35 12.04 – 14.80

Creatinine 339 93.78 89.25 – 98.54

King’s College Sodium 339 137.28 136.14 – 138.42

Bilirubin 333 13.69 12.35 – 15.18

Creatinine 339 99.70 94.88 – 104.76

Royal Free Sodium 335 138.87 137.72 – 140.02

Bilirubin 313 11.17 10.07 – 12.38

Creatinine 335 98.22 93.47 – 103.20

Leeds Sodium 339 137.53 136.40 – 138.67

Bilirubin 327 13.69 12.35 – 15.18

Creatinine 339 102.33 97.39 – 107.52

There was strong evidence of significant differences between mean values obtained at

different transplant centres over the time period of study for all analytes; serum sodium

( ), serum bilirubin and

serum creatinine ). Residual diagnostics suggested no

evidence against the assumptions underlying the postulated model.

5. Future work

• Centre-specific correction factors will need to be developed if a national allocation

proceeds.

• UK NEQAS has agreed to provide data on mean percentage deviations in sodium,

creatinine and bilirubin values measured by six of the liver transplant centres in the

time period of study. NHSBT will investigate using these deviations in the

construction of a UKELD correction factor.

• If required, NHSBT will request the provision of equivalent deviation data from

NEQAS for INR data.

• Further analysis of liver disease control samples tested for sodium, creatinine,

bilirubin and INR in the ranges observed for patients on the transplant waiting list

are required to more accurately define what correction factors will be required.



LAG(14)31b

15

References

[1] Barber, K., Madden, S., Allen, J., Collett, D., Neuberger, J., Gimson, A. et al. (2011).

Elective Liver Transplant List Mortality: Development of a United Kingdom End-

Stage Liver Disease Score, Transplantation, 92(4):469-476.

[2] Goulding, C. et al. (2010). Assessment of reproducibility of creatinine measurement

and MELD scoring in four liver transplant units in the UK. Nephrol Dial Transplant,

25: 960-966.

[3] Healy M.J.R. (1979). Outliers in clinical chemistry quality control schemes. Clin

Chem 25: 675-679.

[4] Horsti, J., Uppa, H. and Vilpo, J.A. (2005). Poor agreement among prothrombin time

international normalized ratio methods: comparison of seven commercial reagents.

Clin Chem 51(3): 553-560.

[5] Patterson H.D. and Thompson, R. (1971). Recovery of inter-block information when

block sizes are unequal. Biometrika, 58(3): 545.

[6] Porte, R.J., Lisman, T., Tripodi, A., Caldwell, S.H., Trotter, J.F. and the Coagulation

in Liver Disease Study Group (2010). The International Normalized Ration (INR) in

the MELD Score: Problems and Solutions, American Journal of Transplantation, 10:

1349-1353.

[7] SAS Enterprise Guide 5.1 for Windows XP. Copyright © 2012 by SAS Institute Inc.,

Cary, NC, USA.

[8] Trotter, J.F., Olson, J., Lefkowitz, J., Smith, A.D., Arjal, R. and Kenison, J. (2007).

Changes in International Normalized Ratio (INR) and Model for Endstage Liver

Disease (MELD) Based on Selection of Clinical Laboratory. Amer J of Transp

7:1624-1628.



LAG(14)31c

1

FTWU

ORGAN ALLOCATION

SIMULATION METHODOLOGY

October 2014



LAG(14)31c

2

Contents

1. Executive summary

2. Introduction

3. Principles for assessing organ allocation; aims of liver transplantation

4. Allocation schemes to be tested

5. Simulation of liver allocation compared to current arrangements

Appendix 1: Estimating the needs based allocation model (M1)

Appendix 2: Estimating the utility based allocation model (M2)

Appendix 3: Simulation cohort and description



LAG(14)31c

3

6.

1. Executive summary

1.1. At the Liver Advisory Group (LAG) meeting of November 2013, a Fixed Term Working Unit
(FTWU) on Organ Allocation was formed with a remit to:

a. Assess the variability of estimation of UKELD scores across liver transplant units in
the UK and determine whether observed variability might unduly influence UKELD
scores that are used in the models to prioritise patients for transplantation on a
national basis.

b. Identify the optimum allocation scheme for use in the majority of adult elective
liver transplant registrants.

1.2. We set out to compare the current centre-based allocation with prioritisation by risk of death
or drop out from the transplant list due to condition deteriorated (need-based model or M1),
prioritisation by probability of survival after transplantation (utility-based model or M2) and
prioritisation by net life years gained from transplantation (benefit-based model or M3).

1.3. Two survival models were developed to prioritise patients according to need or utility. The
models describe the survival experience of patients on the transplant list without a transplant
(needs model) and the patients’ survival experience post-transplantation (utility model). The
models included prioritisation for registrants with UKELD > 49 chronic liver disease, those
with Hepatocellular Carcinoma (HCC) and those with a Variant Syndrome.

1.4. Model M1 was used to rank patients on a need-based allocation scheme, where patients with
low/ high expected survival on the list rank high/ low, respectively. Model M2 was used to
rank patients on a utility-based scheme, where patients with high/ low expected survival
post-transplantation rank high/ low, respectively. The benefit-based scheme ranked patients
according to the difference between the patient’s expected survival post-transplantation
minus the patient’s expected survival on the list; high in need and high in utility rank high in
benefit whereas low in need and low in utility rank low in benefit.

1.5. Patients waiting for a liver during 2013 were considered as well as deceased liver donors that
we know occurred and were used for transplantation in 2013. We simulated how these
patients would have been allocated a liver under the needs, utility and benefit models. The
simulation allowed us to quantify outcomes of interest under each allocation model,
including the number of deaths on the list or removals due to condition deteriorated, total
patient life years and the percentage of deaths and transplants by liver disease. These
outcomes were compared to the corresponding numbers observed in real life during 2013.

1.6. The primary outcome measures were; the number of deaths/removals due to condition
deteriorated on the transplant list (before transplantation) and duration of survival from the
point of registration for 5 years post-transplant (population life years).
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2. Introduction

2.1. At the Liver Advisory Group (LAG) meeting of November 2013 a number of Fixed Term

Working Units (FTWU) were introduced, one of which was assigned to consider overall

organ allocation.  Members of this FTWU were:

Prof. Dave Collett – Statistics, NHS Blood and Transplant (NHSBT), Bristol

Dr. Elisa Allen – Statistics, NHSBT, Bristol

Dr. Varuna Aluvihare – King’s College Hospital, London

Dr. Alex Gimson (Allocation FTWU Chair) - Addenbrooke’s Hospital, Cambridge

Mr. Ernest Hidalgo – St James’s University Hospital, Leeds

Prof. John O’Grady (LAG Chair) – King’s College Hospital, London

Dr. Tahir Shah – Queen Elizabeth Hospital, Birmingham

Dr. Doug Thorburn – Royal Free Hospital, London

2.2. The FTWU has met a number of times (minutes attached) to plan the work and develop the

survival models.

2.3. It was agreed to run a simulation comparing the current centre-based allocation with three

other schemes; prioritisation by risk of death or drop out from the transplant list due to

condition deteriorated (needs based model, or M1); prioritization by probability of survival

after transplantation (utility based model, or M2); prioritization by net life years gained

from transplantation (benefit based model, or M3).

2.4. Rationale of the work

2.4.1.For a given patient, we want to predict the time to death on the transplant list or drop

out due to condition deteriorated. The first step is to find a mathematical rule which

describes survival on the transplant list, based on sufficient numbers of patients who

are relevant to the problem for the rule to be generally applicable. In statistical jargon,

this first step is called model fitting and estimation and in our jargon the rule is called

the needs based model, or M1. Once the rule is available, we use it to calculate the

survival on the transplant list for an independent pool of patients to the one used for

estimation. We do this calculation on an individual patient-by-patient basis. The

predicted survival allows us to rank the patients according to their need for a

transplant; patients with low predicted survival on the list rank high, whereas patients
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with high predicted survival rank low. We can then simulate how patients waiting for a

liver during 2013 would have been allocated a liver under the needs based rule from

donors that we know occurred in 2013. This is called a simulation. In particular, we

used patients registered between 2006 and 2012 to estimate the ‘non-cancer needs

model’, patients registered in 2009-2012 to estimate the ‘cancer needs model’ and

patients active on the transplant list in 2013 as the independent pool.

2.4.2.A similar principle applies to the prediction of survival post-transplantation, in which

case we have dubbed the mathematical rule as the utility based model, or M2. The

benefit based model is a combination of rules M1 and M2. The simulation exercise uses

all three rules, M1, M2 and M3, to find out how the allocation of donor to recipient

would have been in each case.

3. Principles for assessing organ allocation; aims of liver transplantation

3.1. The criteria by which organ allocation schemes should be judged have been previously laid

down by NHSBT, as have the criteria specific to liver transplantation.

3.1.1.Maximise total population patient and graft survival when judged from the point of

registration for a transplant.

3.1.2.Minimise disparities in time waiting for an offer of a liver for transplantation among

patients with similar or comparable risk of death, medical and demographic

characteristics or in relation to geography.

3.1.3.Maximise the availability of transplantable livers by promoting consent to donation,

procurement efficiency, splitting of grafts where appropriate, and reducing the

number of discarded livers.

3.1.4.Provide a balance between improvement in the quality of life and quantity of life.

3.1.5.Provide transparency as to the allocation scheme.

4. Allocation schemes to be tested

4.1. Survival on the transplant list – M1. Needs based allocation

4.1.1. A needs based allocation model was derived from all 4,827 adult elective NHS group 1 

registrations for a liver only transplant in the UK between 1 January 2006 and 31

December 2012, extracted from the UK Transplant Registry on 9 June 2014.

Registrations ending in living or domino donor transplantation and multi-organ

registrations were excluded.
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4.1.2.The dataset was then split into two datasets based on whether the patient had cancer

or non-cancer liver disease at time of registration. Cancer parameters that were

examined for their impact on survival were maximum AFP, maximum tumor size and

tumour number. Details of the M1 model for both non-cancer and cancer cases are

shown in Appendix 1.

4.2. Survival after transplantation – M2. Utility based allocation scheme

4.2.1. A utility based model was derived from all 3,484 adult elective NHS group 1 orthotopic

liver only transplants in the UK between 1 January 2006 and 31 December 2012 using

livers from deceased donors (both donors after brain death (DBD) and donors after

circulatory death (DCD)) extracted from the UK Transplant Registry on 6 July 2014.

4.2.2.The dataset was then split into two datasets based on whether the patient had cancer

or non-cancer liver disease at time of transplant. Cancer parameters that were

examined for their impact on survival were maximum AFP, maximum tumor size and

tumour number. Details of the M2 model for both non-cancer and cancer cases are

shown in Appendix 2.

4.3. Transplant benefit – M3. Life years gained allocation.

4.3.1.The transplant benefit model (M3) was derived for each potential recipient by

subtracting the projected survival without transplantation (M1) from their projected

survival after transplantation (M2) for each donor whose liver was donated during

2013.

5. Simulation of liver allocation compared to current arrangements

5.1. The simulation compared the transplantation process for real historical candidates on the

transplant waiting list during the simulation period of January 1st2013 to December 31st

2013 in 4 cohorts;

5.1.1.Real time actual patients given their organ as decided by each transplant centre during

the simulation period (current arrangements).

5.1.2.Needs based allocation according to M1, a score identifying those with the highest risk

of death without a transplant.

5.1.3.Utility based allocation according to M2, a score identifying those with the longest

expected survival post-transplant

5.1.4.Transplant benefit allocation according to M3, a score describing net life years gained

from the subtraction of M1 from M2.
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5.2. The simulation was run assuming a single waiting list with national distribution, with DCDs

included. The allocation of livers under M1, M2 and M3 required ABO compatibility and

recipient weight ±20kgs of donor.

5.3. The two primary outcomes were the total number of deaths or removals because of

condition deteriorating in the four models and the total population life years which

accumulates expected survival both on the list and after transplantation.

5.4. The secondary outcomes were:

⋅ Median time to transplant by aetiology in each allocation model.

⋅ % of each aetiology transplanted during simulation period (12 months).

⋅ Impact on HCC cases and those with variant syndrome (who might potentially be

disadvantaged)

⋅ A number of test cases will be manufactured examining outcomes for fictional

individuals with certain characteristics of aetiology, size, gender, ABO type and tumor

parameters.

5.5. Details of the method of simulation are given in Appendix 3.
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Appendix 1

6. Survival on the transplant list – M1. Needs based allocation.

6.1. A needs based allocation model was derived from all 4,827 adult elective NHS group 1 

registrations for a liver only transplant in the UK between 1 January 2006 and 31 December

2012, extracted from the UK Transplant Registry on 9 June 2014. Registrations ending in

living or domino donor transplantation and multi-organ registrations were excluded.

6.2. Two explanatory variables included in M1 (renal support and patient location) were not

recorded on the Elective Liver Recipient Registration form until September 2007, thus they

were missing by design in around 20% of cases. Rather than moving the time period for the

cohort forward from January 2006 or having missing categories for these factors and

allowing M1 to estimate parameters for these levels, it was agreed that Multiple Imputation

(MI; Rubin, 1987) would be used to impute the missing values.

6.3. MI was implemented in SAS 9.3, using chained equations. The form of the imputation

model was exactly the same as M1 but also the outcome variables, survival time and

censoring indicator, were included to aid the imputation. Other variables not in M1 that

could help predict the missing values were not investigated. Twenty-one imputations were

run with 50 burn-in iterations before each imputation. Instead of proceeding to run M1 21 

times with different imputed datasets and obtaining 21 estimates for each parameter in the

model, as is common practice, the modal value out of the 21 imputed values for each

patient with missing renal support status/patient location was taken. This was because

estimating 21 versions of M1 was too computationally exhaustive. Twenty-one was chosen

as the number of imputations so that there would always be a modal number of zeros or

ones (note that renal support status and patient location are both binary variables).

6.4. The dataset was then split into two datasets based on whether the patient had cancer

reported at time of registration. For the cancer cohort, information regarding the maximum

AFP level and number and size of tumours was not collected until September 2007 and data

was not fully reported until January 2009. Therefore, the time period for the cancer cohort

was moved to include all registrations between 1 January 2009 and 31 December 2012. The

time period for the non-cancer cohort remained as registrations between 1 January 2006

and 31 December 2012.

6.5. The complete case cohorts were 3,859 registrations for the non-cancer cohort and 660 for

the cancer cohort. For both cohorts, separately, a Cox proportional hazards model was used

to model time from registration to death on the list or removal from the list due to

deteriorating condition up to five years post-registration (M1). Registrations ending in
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transplantation, removal due to improved condition or registrations that had not yet ended

at time of analysis were censored. Patients who survived more than five years on the list

were censored at five years.

6.6. Registrations ending in transplantation are considered to be informatively censored

because during the time period 2006-2012 livers were generally allocated based on need.

Therefore patients who are transplanted are censored from the study when their risk of

death is quite high which means that treating their time to transplant simply as non-events

may result in overoptimistic survival. Inverse probability of censoring weights (IPCW)

(Robins and Finkelstein, 2000) were used to account of this informative censoring. The

probability of censoring was estimated from a survival model with a Weibull

parameterization where informative censoring (i.e. transplantation within five years) was

the event. The explanatory variables in the Weibull model were identical to those used in

M1. The IPCW were then used to weight the contribution of each individual to the partial

likelihood of M1 at each event time. To account for the additional uncertainty in the model

specification a robust “sandwich” estimate of the covariance matrix was necessary. This led

to wide confidence intervals for the resulting parameter estimates.

6.7. The following explanatory variables were used in M1 for both cohorts, all recorded at time

of registration:

Disease group (based on the Robert’s hierarchy that considers three reported
diseases1; Roberts et al., 2004)
Age
Sex
Creatinine (logged)
Bilirubin (logged)
INR (logged)
Sodium
Renal replacement therapy
Patient location
Registration year
Bilirubin (logged) *disease group
Bilirubin (logged)*sodium

6.8. For the cancer cohort, maximum AFP level, maximum tumor size and number of tumors

were also included in the model, with number of tumors treated as a three level

categorical factor (one, two and three or more tumors). For both cohorts, creatinine,

bilirubin, INR and maximum AFP level (for cancer cohort only) were transformed using the

1For registrations between 1 January 2006 and 31 August 2007 disease group is determined from
primary disease only as it was only possible to record one disease at registration during this time.
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natural logarithm as their distributions were particularly skewed. After this transformation

the distributions appeared to satisfy the normal assumption more adequately.

6.9. Table A1 1a and A1 1b show characteristics for, both the non-cancer and cancer cohort,

whilst Table A1 1c shows the number of tumors reported and descriptive statistics for

maximum AFP level and tumor size for cancer registrations. Table A1 2 shows the hazard

ratios and p-values for each term and interactions included in the model for the non-

cancer cohort. Figure A1 1 shows that not taking informative censoring into account

overestimates the risk-adjusted survival for an average registration in the cohort. Figures

A1 2 and 3 show the risk-adjusted survival curves for each primary disease for a set level of

ln(bilirubin). An average registration for the non-cancer cohort was defined as a 51 year

old male with ALD registered in 2006 who was not on renal replacement therapy and was

an outpatient with a bilirubin of 62, creatinine of 84, INR of 1.4, sodium of 136.

6.10. Table A1 3 shows the hazard ratios and p-values for the terms and interactions included in

the model for the cancer cohort. In contrast to Figure A1 1, Figure A1 4 shows that not

taking informative censoring into account for the cancer cohort underestimates the risk-

adjusted survival for an average registration in the cohort. An average registration for the

cancer cohort was defined as a 57 year old male registered in 2009 who was not on renal

replacement therapy and was an outpatient with a bilirubin of 22, creatinine of 75, INR of

1.2 and sodium of 138. The cancer variable values were maximum AFP of 21, maximum

tumour size of 2.6cm and only one tumour.

6.11. The Type III test p-values convey the significance of each term at explaining the data when

compared with a model that does not include the term in question. The Wald test p-values

represent the significance in Hazard Ratio difference between a level and the baseline for

each term in the model. Note that it is inappropriate to interpret Hazard Ratios and Wald

test p-values of main effects that are included in interactions.

6.12.  The strength of the model was assessed using the Gönen and Heller’s concordance

probability (Gönen and Heller, 2005). This statistic is a measure of the model’s predictive

ability. It can vary from 0.5 (no predictive ability) to 1.0 (perfect predictive ability). The

associated standard error (SE) was used to calculate a 95% confidence interval for this

probability.
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Table A1 1a Characteristics of registrations in both cohorts (categorical variables)

Non-cancer cohort
(n=3859)

Cancer cohort
(n=660)

n % n %

Sex Male 2382 62 515 78
Female 1477 38 145 22

Blood group O 1729 45 300 45
A 1501 39 242 37
B 476 12 80 12
AB 153 4 38 6

Ethnicity White 3399 88.1 542 82
Asian 306 7.9 70 11
Black 82 2.1 19 3
East Asian 16 0.4 19 3
Other 56 1.5 10 1

Disease group Cancer - - 660 100
Hepatitis C (HCV) 559 15 - -
Alcoholic liver disease (ALD) 1097 28 - -
Hepatitis B (HBV) 79 2 - -
Primary sclerosing cholangitis (PSC) 392 10 - -
Primary biliary cirrhosis (PBC) 402 10 - -
Auto-immune + cryptogenic disease (AID) 384 10 - -
Metabolic liver disease 294 8 - -
Other liver disease 295 8 - -
One or more previous tx 357 9 - -

HCV No 3278 85 377 57
Yes 581 15 283 43

No renal support 3684 96 644 98Renal replacement
therapy Renal support 175 4 16 2

Patient location Outpatient 3190 83 633 96
Inpatient 669 17 27 4

2006 474 12 - -
2007 499 13 - -
2008 539 14 - -
2009 545 14 153 23
2010 576 15 170 26
2011 624 16 178 27

Registration year

2012 602 16 159 24
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Table A1 1b Characteristics of registrations in both cohorts (continuous variables)

Non-cancer cohort (n=3859) Cancer cohort (n=660)
Mean SD Range Mean SD Range

Age (years) 50.72 11.67 17 – 74 56.95 7.74 22 – 73
BMI (kg/m2) 26.74 5.28 10.54 - 54.20 27.56 4.69 15.89 – 45.91
Sodium (mmol/l) 135.68 4.97 111 – 181 138.28 3.94 118 – 148

Median IQR Range Median IQR Range

Bilirubin (µmol/l) Linear 57 32 – 118 1 – 1438 21 13 – 34.5 3 – 405
Logged 4.04 3.47 – 4.77 0 – 7.27 3.04 2.56 – 3.54 1.10 – 6.00

Creatinine (µmol/l) Linear 82 68 – 101 7.9 – 720 75 64 – 88 32 – 205
Logged 4.41 4.22 – 4.62 2.07 – 6.58 4.32 4.16 – 4.48 3.47 – 5.32

INR Linear 1.4 1.2 – 1.6 0.1 – 9.9 1.2 1.1 – 1.3 0.9 – 4.9
Logged 0.34 0.18 – 0.47 -2.30 – 2.29 0.18 0.10 – 0.26 -0.11 – 1.59

SD=Standard deviation; IQR=Inter-quartile range

Table A1 1c Cancer characteristics for the cancer cohort
N %

1 448 68
2 150 23
3 43 6
4 13 2

Number of tumours

5 6 1

Mean SD Median IQR Range
Maximum AFP (iu/ml) Linear 183.36 716.00 11 4 – 51 0 – 9000

Logged 3.03 1.76 2.48 1.61 – 3.95 0 – 9.11

Maximum tumour size (cm) Linear 2.64 1.09 2.5 1.9 – 3.1 0.1 – 7.2
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Table A1 2 Model results for M1 with IPCW weights (non-cancer cohort)

Term Level
N Hazard

Ratio
95% Hazard Ratio
Confidence Limits

Wald test p-
values

Type III p-
values

Main effects

Age at registration 3859 1.03 1.01 1.04 0.001 0.001

Sex Male 2382 1 - - -
Female 1477 0.94 0.73 1.21 0.6

0.6

Disease group Hepatitis C (HCV) 559 1.35 0.14 13.40 0.8
Alcoholic liver disease (ALD) 1097 1 - - -
Hepatitis B (HBV) 79 28.36 0.85 943.32 0.06
Primary sclerosing cholangitis
(PSC)

392 0.12 0.01 0.99 0.05

Primary biliary cirrhosis (PBC) 402 17.81 1.02 312.36 0.05
Auto-immune + cryptogenic
disease (AID)

384 0.14 0.02 1.14 0.07

Metabolic liver disease 294 21.24 2.25 200.30 0.008
Other liver disease 295 4.62 0.84 25.45 0.08
One or more previous tx 357 5.30 0.73 38.29 0.1

Ln(bilirubin) 3859 0.46 0.05 4.08 0.5

Ln(creatinine) 3859 1.88 1.32 2.68 0.0004 0.0004

Ln(INR) 3859 0.67 0.42 1.08 0.1 0.3

Sodium 3859 0.90 0.83 0.97 0.007

No 364 1 - - - 0.9Renal replacement
therapy Yes 175 0.97 0.52 1.81 0.93

Outpatient 3190 1 - - - 0.7Patient location
Inpatient 669 0.92 0.56 1.50 0.7

2006 474 1 - - - <0.0001
2007 499 0.27 0.16 0.46 <0.0001
2008 539 0.69 0.46 1.03 0.07
2009 545 0.16 0.06 0.41 0.0001
2010 576 0.41 0.28 0.59 <0.0001
2011 624 0.40 0.27 0.59 <0.0001

Registration year

2012 602 0.55 0.39 0.79 <0.0001

Interactions
HCV 559 0.98 0.57 1.70 0.95 <0.0001
ALD 1097 1 - - -
HBV 79 0.45 0.19 1.07 0.07
PSC 392 1.54 1.01 2.35 0.04
PBC 402 0.53 0.29 0.99 0.05
AID 384 1.73 1.12 2.68 0.014
Metabolic liver disease 294 0.53 0.31 0.92 0.02
Other liver disease 295 0.67 0.43 1.02 0.06

Ln(bilirubin)* disease
group

One or more previous transplants 357 0.74 0.48 1.12 0.2

Ln(bilirubin)*sodium 3859 1.01 1.00 1.03 0.16 0.16

IPCW=Inverse Probability of Censoring Weights
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C-statistic: 0.73 (0.71, 0.76) (SE=0.013878)

Figure A1 1 Risk-adjusted survival for an average registration in the non-cancer
cohort with and without IPCW.
Survival estimate at 4.5 years (95% confidence interval): 0.26 (0.15, 0.44) without IPCW, 0.10 (0.03,
0.29) with IPCW

Figure A1 2 Risk-adjusted survival for an average registration in the non-cancer
cohort with a ln(bilirubin)=1, by primary disease
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Figure A1 3 Risk-adjusted survival for an average registration in the non-cancer
cohort with a ln(bilirubin)=7, by primary disease
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Table A1 3 Model results for M1 for cancer cohort with IPCW weights

Term Level
N Hazard

Ratio
95% Hazard Ratio
Confidence Limits

Wald test
p-values

Type III test p-
values

Main effects
Age at registration 660 1.02 0.98 1.06 0.3 0.3

Sex Male 515 1 - - -
Female 145 0.98 0.54 1.79 0.95

0.95

HCV No 377 1 - - - 0.11
Yes 283 1.64 0.89 3.02 0.11

Ln(creatinine) 660 1.29 0.40 4.17 0.7 0.7

Ln(bilirubin) 660 18400.77 2.18 1.55*108 0.03

Ln(INR) 660 7.11 3.04 16.61 <0.0001 <0.0001

Sodium 660 1.22 0.97 1.53 0.09

No 644 1 - - -Renal replacement
therapy Yes 16 1.13 0.31 4.07 0.9

0.9

Outpatient 633 1 - - -Patient location
Inpatient 27 1.07 0.41 2.82 0.89

0.9

2009 153 1 - - -
2010 170 2.05 0.83 5.04 0.12
2011 178 2.65 1.10 6.41 0.03

Registration year

2012 159 0.77 0.22 2.68 0.7

0.01

Ln(maximum AFP level) 660 1.09 0.93 1.27 0.3 0.3

Maximum tumour size 660 1.13 0.79 1.62 0.5 0.5

Number of tumours 1 448 1 - - - 0.88
2 150 1.16 0.61 2.17 0.7
3 or more 62 0.95 0.36 2.50 0.91

Interactions
Ln(bilirubin)*sodium 660 0.93 0.87 1.00 0.04 0.04

IPCW=Inverse Probability of Censoring Weights

C-statistic: 0.69 (0.64, 0.75)
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Figure A1 4 Risk-adjusted survival for an average registration in the cancer
cohort with and without IPCW.

Survival estimate at 2.8 years (95% confidence interval): 0.16 (0.05, 0.59) without IPCW, 0.57 (0.35,
0.93) with IPCW
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Appendix 2 

7. Survival post-transplant to five years - M2. Utility based allocation

7.1. All 3,484 adult elective NHS group 1 orthotopic liver only transplants in the UK between 1 

January 2006 and 31 December 2012 using livers from deceased donors (both DBD and

DCD) were extracted from the UK Transplant Registry on 6 July 2014.

7.2. The dataset was then split into two datasets based on whether the patient had cancer or

non-cancer liver disease at time of transplant. For the cancer cohort, information regarding

the maximum AFP level and number and size of tumours at registration was not collected

until September 2007 and data was not fully reported until January 2009. Therefore, the

time period for the cancer cohort was moved to include all transplants between 1 January

2009 and 31 December 2012. The time period for the non-cancer cohort remained as

transplants between 1 January 2006 and 31 December 2012.

7.3. One explanatory variable included in M2 (diabetes) were not recorded on the Elective Liver

Recipient Registration form until September 2007 and was missing by design in around 26%

of cases. Rather than moving the time period for the cohort forward from January 2006 or

having a missing category for diabetes and allowing M2 to estimate parameters for these

levels, it was agreed that MI would be used to impute the missing values for the whole

cohort and then split into non-cancer and cancer cohorts, similar to M1.

7.4. MI for diabetes was implemented in the same manner as described in Appendix 1. However

as opposed to the imputation model for M1, a binary logistic regression model was fitted to

determine the variables to include in the imputation model, using the recipient variables

included in M2 and blood group, ethnic origin and body mass index (BMI). Variable selection

was done using stepwise selection. The statistically significant variables, at the 10% level,

included in the imputation model, along with recipient diabetes, survival time and censoring

indicator, were:

Recipient
Disease group
Age
Bilirubin (logged)
Potassium
Ascites
BMI
HCV
Ethnic group

Interactions
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Age* Bilirubin (logged)
Age* Ascites
Bilirubin (logged)*BMI
Disease group* Bilirubin (logged)
Disease group* Potassium

7.5. The complete case cohorts were 2,495 transplants for the non-cancer cohort and 430 for

the cancer cohort. For both cohorts, separately, a Cox proportional hazards model was used

to model time from transplant to the earlier of patient death or graft failure, up to five

years post-transplant (M2). Deaths with a functioning graft were included as events, whilst

patients who were alive with a functioning graft were censored at date of last follow-up.

7.6. The following explanatory variables were used in M2 for both cohorts, all recorded at

either time of transplant or registration:

Recipient
Disease group (based on the Robert’s hierarchy that considers three reported
diseases)
Age at transplant
Sex
HCV indicator
Creatinine (logged)
Bilirubin (logged)
INR (logged)
Sodium
Potassium
Albumin
Renal replacement therapy
Patient location
Previous abdominal surgery
Encephalopathy
Ascites
Waiting time to transplant
Diabetes

Donor
Age
Cause of death
BMI
History of diabetes
Donor type

Transplant
Donor-recipient blood group compatibility
Liver split

Interactions
HCV*donor diabetes
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HCV*donor age
Recipient age*disease group
Recipient age*recipient creatinine
Donor type*disease group
Donor type*recipient age
Donor type*recipient creatinine
Donor type*recipient previous abdominal surgery

7.7. For the cancer maximum AFP level, maximum tumour size and number of tumours were

also included in the model, with number of tumours treated as a three level categorical

factor (one, two and three or more tumours).

7.8. Creatinine, bilirubin, INR and maximum AFP level (for cancer cohort only) were

transformed using the natural logarithm as their distributions were particularly skewed.

After this transformation the distributions appeared to satisfy the normal assumption

more adequately.

7.9. Tables A2 1a-1e show the recipient, donor and transplant characteristics, separately, for

the non-cancer and cancer cohorts. Table A2 2 shows the hazard ratios and 95%

confidence intervals (CIs) for each term included in M2 for the non-cancer cohort whilst

Table A2 3 shows similar results for the cancer cohort. Care should be taken when

interpreting the hazard ratios for main effects that are involved in an interaction. Also

care should be taken in interpreting the hazard ratios for terms that have a small number

of observations.

7.10. The strength of the model was assessed using the Gonen and Heller Concordance

probability. The associated standard error (SE) was used to calculate a 95% CI for this

probability.
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Table A2 1a Categorical recipient characteristics for both cohorts
Non-cancer cohort

(n=2495)
Cancer cohort

(n=430)
n % n %

Sex Male 1505 60.3 345 80.2
Female 990 39.7 85 19.8

Blood group O 1016 40.7 181 42.1
A 1094 43.8 171 39.8
B 268 10.7 50 11.6
AB 117 4.7 28 6.5

Ethnicity White 2214 88.7 354 82.3
Asian 205 8.2 45 10.5
Black 45 1.8 15 3.5
East Asian 5 0.2 13 3.0
Other 26 1.0 3 0.7

Disease group Cancer - - 430 100.0
Hepatitis C (HCV) 349 14.0 - -
Alcoholic liver disease (ALD) 692 27.7 - -
Hepatitis B (HBV) 39 1.6 - -
Primary sclerosing cholangitis (PSC) 309 12.4 - -
Primary biliary cirrhosis (PBC) 310 12.4 - -
Auto-immune + cryptogenic disease (AID) 221 8.9 - -
Metabolic liver disease 166 6.6 - -
Other liver disease 199 8.0 - -
One or more previous tx 210 8.4 - -

HCV No HCV 2142 85.9 240 55.8
HCV 353 14.1 190 44.2
No 2360 94.6 413 96.0Renal replacement therapy
Yes 135 5.4 17 4.0

Patient location Outpatient 1958 78.5 413 96.0
Inpatient 537 21.5 17 4.0

Previous abdominal surgery No previous abdominal surgery 2002 80.2 383 89.1
Previous abdominal surgery 493 19.8 47 10.9

Encephalopathy No encephalopathy 1684 67.5 389 90.5
Encephalopathy 811 32.5 41 9.5

Ascites No ascites 1036 41.5 304 70.7
Ascites 1459 58.5 278 64.7

Diabetes No 2098 84.1 312 72.6
Yes 397 15.9 118 27.4
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Table A2 1b Continuous recipient characteristics for both cohorts

Non-cancer cohort (n=2495) Cancer cohort (n=430)
Mean SD Range Mean SD Range

Age (years) 50.49 11.86 17 - 74 57.10 8.02 23 – 72
BMI (kg/m2) 26.54 5.07 11.07 - 48.18 27.357 4.698 17.304 - 45.911
Sodium (mmol/l) 136.39 5.15 115 - 155 139.07 4.23 122-158
Potassium (mmol/l) 4.2 0.57 2.1 - 6.7 4.19 0.51 3-6.9
Albumin (g/l) 30.6 6.72 10 - 61 34.8 7.86 4-51

Median IQR Range Median IQR Range
Linear 62 33-135 2 - 1118 20 12-38 4-657

Bilirubin (µmol/l) Logged 4.13 3.5 - 4.91 0.69 - 7.02 3.00 2.48-3.64 1.39-6.49
Linear 85 70-107 20 - 613 78 67-92 33-271Creatinine

(µmol/l) Logged 4.44 4.25 - 4.67 3 - 6.42 4.36 4.20-4.52 3.50-5.60
INR Linear 1.4 1.2-1.7 0.7-10 1.2 1.1 – 1.4 0.9 – 3.8

Logged 0.34 0.18 - 0.53 -0.36 - 2.3 0.18 0.10-0.34 -0.11 - 1.34
Linear 95 32-216 0 - 1473 72 35-156 0-835Waiting time to

transplant (days) Logged 4.56 3.5-5.38 0 - 7.3 4.29 3.58-5.06 0-6.73

SD=Standard deviation; IQR=Inter-quartile range

Table A2 1c Cancer characteristics for the cancer cohort

N %
1 283 66
2 100 23
3 31 7
4 9 2

Number of tumours

5 7 2

Mean SD Median IQR Range
Maximum AFP (iu/ml) Linear 148.57 607.03 12 4 – 51 0 – 9000

Logged 3.01 1.69 2.56 1.61 – 3.95 0 – 9.11

Maximum tumour size
(cm)

Linear 2.63 1.07 2.5 1.9 – 3.0 0.1 – 7.0
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Table A2 1d Donor characteristics for both cohorts

Non-cancer cohort (n=2495) Cancer cohort (n=430)

n % n %
Donor type Donors after brain death (DBD) 2138 85.7 311 72.3

Donors after circulatory death (DCD) 357 14.3 119 27.7

Blood group O 1026 41.1 183 42.6
A 1115 44.7 177 41.2
B 259 10.4 48 11.2
AB 95 3.8 22 5.1

Intracranial haemorrhage (CVA) 1675 67.1 285 66.3
Road Traffic Accident (RTA) 177 7.1 14 3.3
Other trauma 111 4.4 17 4.0

Donor cause of
death

Miscellaneous 532 21.3 114 26.5

Past diabetes No history of diabetes 2286 91.6 392 91.2
History of diabetes 124 5.0 23 5.3
Unknown history diabetes 85 3.4 15 3.5

Mean SD Mean SD
Age 46.5 15.83 49.19 15.02

Range 10-85 14-85

BMI 25.87 4.63 26.42 4.96
Range 12.65-52.86 14.27-49.13

Table A2 1e Transplant characteristics for both cohorts

Non-cancer
cohort(n=2495)

Cancer cohort
(n=430)

Donor-recipient blood group compatibility Identical 2463 98.7 422 98.1
Compatible 32 1.3 8 1.9

Liver split Whole 2250 90.2 396 92.1
Split 245 9.8 34 7.9
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Table A2 2 Model results for M2 for non-cancer cohort

Term Level
N Hazard

Ratio
95% Hazard Ratio
Confidence Limits

Wald test
p-values

Type III
p-values

Recipient

Age at transplant 2495 0.91 0.83 0.99 0.03

Sex Male 1505 1 - - - 0.96
Female 990 1.00 0.81 1.23 0.96

Disease group HCV 349 0.79 0.07 9.37 0.8
ALD 692 1 - - -
HBV 39 13.18 0.48 361.68 0.13
PSC 309 0.90 0.18 4.52 0.9
PBC 310 0.23 0.03 2.14 0.2
AID 221 0.92 0.15 5.52 0.93
Metabolic liver disease 166 2.27 0.30 16.85 0.4
Other liver disease 199 1.15 0.23 5.89 0.9
One or more previous
transplant

210 1.79 0.36 8.89 0.5

HCV indicator No 2142 1 - - -
Yes 353 0.74 0.14 4.09 0.7

Ln(creatinine) 2495 0.38 0.14 1.01 0.05

Ln(bilirubin) 2495 1.04 0.93 1.15 0.5 0.5

Ln(INR) 2495 0.64 0.44 0.95 0.03 0.03

Sodium 2495 0.99 0.97 1.01 0.4 0.4

Potassium 2495 1.01 0.86 1.20 0.9 0.88

Albumin 2495 0.99 0.97 1.00 0.05 0.05

No 2360 1 - - - 0.0003Renal replacement
therapy Yes 135 1.82 1.31 2.51 0.0003

Outpatient 1958 1 - - - 0.02Patient location
Inpatient 537 1.32 1.04 1.67 0.02

No 2002 1 - - - 0.3Previous abdominal
surgery Yes 493 1.16 0.87 1.53 0.3

No 1684 1 - - - 0.93Encephalopathy
Yes 811 1.01 0.82 1.24 0.93

Ascites No 1036 1 - - - 0.8
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Yes 1459 1.03 0.84 1.26 0.8

Ln(waiting time) 2495 1.00 0.93 1.07 0.93 0.93

No 2098 1 - - - 0.3Diabetes
Yes 397 1.15 0.90 1.48 0.3

Donor
Donor age 2495 1.01 1.00 1.01 0.09

CVA 1675 1 - - - 0.2
RTA 177 1.27 0.90 1.80 0.2
Other trauma 111 0.71 0.43 1.18 0.2

Donor cause of death

Other 532 0.93 0.73 1.18 0.6

No 2286 1 - - -History of diabetes
Yes 124 0.79 0.48 1.32 0.4
Unknown 85 1.11 0.66 1.86 0.7

Donor BMI 2495 1.01 0.99 1.03 0.3 0.3

Donor type Donors after brain
death (DBD)

2138 1 - - -

Donors after
circulatory death (DCD)

357 39.88 1.21 1309.22 0.04

Transplant

Identical 2463 1 - - - 0.7Blood group
compatibility Compatible 32 1.18 0.56 2.48 0.7

Whole 2250 1 - - - 0.03Liver split
Split 245 1.43 1.03 2.00 0.03

Interactions
HCV=No or donor
diabetes=No

2467 1 - - - 0.07

HCV and donor
diabetes=Yes

17 2.32 0.86 6.25 0.1

HCV*donor diabetes

HCV and donor
diabetes=Unknown

11 2.47 0.86 7.14 0.09

HCV*donor age No 2142 1 - - - 0.10
Yes 353 1.02 1.00 1.03 0.1

HCV 349 1.00 0.96 1.04 0.96 0.6Recipient
age*disease group ALD 692 1 - - -

HBV 39 0.94 0.87 1.02 0.14
PSC 309 1.01 0.98 1.04 0.6
PBC 310 1.03 0.99 1.07 0.2
AID 221 1.00 0.97 1.04 0.94
Metabolic liver disease 166 0.99 0.95 1.03 0.5
Other liver disease 199 1.00 0.97 1.03 0.94
One or more previous
transplant

210 1.00 0.97 1.03 0.98
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Recipient age*ln(creatinine) 2495 1.02 1.00 1.04 0.03 0.03
DBD or ALD 2259 1.00 - - - 0.8
DCD and HCV 66 0.77 0.36 1.63 0.5

Donor type *disease
group

DCD and HBV 7 0.68 0.07 6.59 0.7
DCD and PSC 31 1.09 0.49 2.42 0.84
DCD and PBC 56 0.78 0.34 1.79 0.6
DCD and AID 26 0.48 0.13 1.74 0.3
DCD and Metabolic
liver disease

25 1.52 0.60 3.81 0.4

DCD and Other liver
disease

22 0.50 0.14 1.85 0.3

DCD and One or more
previous transplant

3 0.66 0.07 5.86 0.7

DBD 2138 1.00 - - - 0.6Donor type*recipient
age DCD 357 1.01 0.98 1.03 0.6

DBD 2138 1.00 - - - 0.04Donor
type*ln(creatinine) DCD 357 0.45 0.21 0.97 0.04

C statistic (full model) = 0.62 (0.59, 0.64) (SE=0.011192)
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Table A2 3 Model results for M2 for cancer cohort

Term Level
N Hazard

Ratio
95% Hazard Ratio
Confidence Limits

Wald
test p-
values

Type III
p-values

Recipient

Age at transplant 430 1.43 0.91 2.25 0.12

Sex Male 345 1 - - - 0.3
Female 85 0.71 0.37 1.36 0.3

HCV indicator No 240 1 - - -
Yes 190 0.34 0.06 2.14 0.3

Ln(creatinine) 430 127.10 0.36 45065.72 0.11

Ln(bilirubin) 430 1.03 0.70 1.51 0.9 0.9

Ln(INR) 430 0.92 0.25 3.36 0.9 0.9

Sodium 430 1.05 0.99 1.11 0.09 0.09

Potassium 430 1.35 0.82 2.25 0.2 0.2

Albumin 430 1.02 0.98 1.06 0.3 0.3

No 413 1 - - - 0.2Renal replacement
therapy Yes 17 0.30 0.04 2.24 0.2

Outpatient 413 1 - - - 0.7Patient location
Inpatient 17 0.80 0.22 2.89 0.7

No 383 1 - - - 0.9Previous
abdominal surgery Yes 47 1.06 0.50 2.23 0.9

No 389 1 - - - 0.2Encephalopathy
Yes 41 1.58 0.77 3.26 0.2

No 328 1 - - - 0.07Ascites
Yes 102 1.69 0.97 2.94 0.07

Ln(waiting time) 430 1.05 0.85 1.29 0.7 0.7

No 312 1 - - - 0.4Diabetes
Yes 118 1.27 0.74 2.20 0.4

Ln(maximum AFP level) 430 1.05 0.93 1.20 0.4 0.4

Maximum tumour size 430 1.28 1.03 1.60 0.03 0.03

1 283 1.00 - - - 0.7
2 100 1.02 0.58 1.79 0.95

Number of
tumours

3 or more 47 0.70 0.30 1.65 0.4

Donor
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Donor age 430 1.02 1.00 1.04 0.09

CVA 285 1 - - - 0.3
RTA 14 2.31 0.73 7.25 0.15
Other trauma 17 0.42 0.10 1.85 0.3

Donor cause of
death

Other 114 1.00 0.59 1.69 0.99

Donor BMI 430 0.98 0.94 1.04 0.5 0.5

No 392 1 - - -
Yes 23 1.18 0.27 5.15 0.8

History of diabetes

Unknown 15 0.94 0.12 7.29 0.95

Donor type DBD 311 1 - - -
DCD 119 5.74 0.001 29899.16 0.7

Transplant

Identical 422 1 - - - 0.03Blood group
compatibility Compatible 8 3.54 1.13 11.11 0.03

Whole 396 1 - - - 0.4Liver split
Reduced 34 1.53 0.54 4.35 0.4

Interactions
HCV=No or donor
diabetes=No

416 1 - - - 0.2

HCV and donor
diabetes=Yes

9 4.50 0.78 25.96 0.09

HCV*donor
diabetes

HCV and donor
diabetes=Unknown

5 2.58 0.14 47.27 0.5

HCV*donor age No 240 1 - - - 0.10
Yes 190 1.03 0.99 1.06 0.10

Recipient
age*ln(creatinine)

430 0.92 0.83 1.02 0.11 0.11

DBD 311 1.00 - - - 0.3Donor
type*recipient age DCD 119 1.04 0.97 1.11 0.3

DBD 311 1.00 - - - 0.4Donor
type*ln(creatinine) DCD 119 0.48 0.08 2.77 0.4

C statistic (full model) = 0.70 (0.64, 0.75) (SE=0.026251)
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Appendix 3 

8. Simulation cohort and description

8.1. All UK adult elective NHS group 1 registrations for a liver only transplant who were
active on the list between 1 January 2013 and 31 December 2013 were extracted
from the UK Transplant Registry as at 10 August 2014. These registrations included
patients either already active on 1 January 2013 or new registrations with an ‘active’
status during 1 January 2013 and 31 December 2013.

8.2. The following registrations were excluded from the registration cohort:
8.2.1. Registrations resulting in a living or domino donor liver transplant (n=17)
8.2.2. Regraft registrations for patients who received more than one transplant

during 2013. This, so that patient lifetime is not double counted (n=7)
8.2.3. Registrations resulting in a multi-organ transplant (n=8)
8.2.4. Registrations resulting in a reduced liver transplant (n=2)
8.2.5. Registrations resulting in a heterotopic transplant (n=1)
8.2.6. Registrations that ended in a transplant on the 1st January 2013 but Organ

Donation and Transplantation (ODT) were notified of the donor prior to 1st

January 2013. (n=2)
8.2.7. Two adults receiving a split liver from the same donor during 2013 (n=2)
8.2.8. Retrospective registrations (n=5)
8.2.9. Patients who were only ever suspended (n=2)
8.2.10. Registrations with missing renal replacement therapy or patient location

information at
time of registration (n=3)

8.2.11. Registrations for patients with cancer but no cancer information recorded
(n=2)

8.3. The complete case cohort was 1287 registrations and 629 donors whose liver was
transplanted as either a whole or a split liver during 2013.

8.4. The donor notification date and time to the ODT duty office was used to determine
the order each donor appears in the simulation. The registration pool for each
donor were all registrations that were active on the liver only transplant list at the
time of notification. The latest sequential information on clinical variables
(creatinine, bilirubin, sodium, INR, albumin, potassium, renal replacement therapy
and patient location) prior to the notification date was then added and the
registration pool was then further restricted to registrations that were blood group
compatible and weight compatible (latest recipient weight ±20kg of the donor
weight). A restriction was imposed so that blood group O donors were preferentially
allocated to O recipients first and subsequently to all other compatible recipients.
Similarly, B donors were preferentially allocated to B recipients followed by AB
recipients. This is in agreement with the current allocation policy.

8.5. At each point in time when a donor occurred, the registration dataset was then split
into non-cancer and cancer datasets based on the disease at registration. For both
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datasets, separately, the expected survival post-registration (M1) and post-
transplant (M2) was calculated. The cancer and non-cancer datasets were then
combined and livers were allocated as follows:

8.5.1. M1 simulation: registration with lowest post-registration survival from the
point of notification

8.5.2. M2 simulation: registration with highest post-transplant survival from the
point of notification

8.5.3. M3 simulation: registration with highest difference between post-transplant
survival and post-registration survival

8.6. Patients who were transplanted in real-life but not transplanted under a model,
presented the problem of not having an observed death date on the list. Therefore,
we estimated a death date on the list for these patients using M1 from the date on
which the real-life transplant was performed. These patients were kept on the pool
of potential recipients in the model simulations until either an organ was allocated
to them or their estimated date of death was reached. Registrations who were
allocated an organ were excluded from the pool of patients for the simulation
where they were allocated (M1, M2 or M3).

9. Deaths on the list or removals from the list due to condition deteriorated
9.1.  The number of patients who died or were removed due to condition deteriorated

includes the number of patients who died or were removed in real life during 2013
without being allocated a liver in the simulations. It also includes patients who were
transplanted in real-life but not under a model and whose estimated death date on
the list using M1 was during 2013. This is one of the primary outcomes of the
simulation.

10. Patient life years
10.1. Patient life years was calculated for all registrations in the cohort and

depended upon the registration outcome.
10.1.1. Patients allocated a liver: observed survival time from registration to date of

notification of a liver offer plus the expected survival post-transplant using M2
10.1.2. Patients removed (regardless of reason for removal from the list), died or

suspended during 2013: observed survival time from registration to removal
date, death date or date of suspension.

10.1.3. Patients active on 1 January 2014: observed survival time from registration to
31 December 2013 plus expected survival post-registration from end of
simulation period using M1

10.2. The observed survival time includes periods of suspension. Total patient
years were then summed up across all 1287 registrations

11. Median time to transplant
11.1.Time to transplant was calculated for all registrations in the cohort and

 depended upon the registration outcome. Periods of suspension were excluded.
11.1.1. Patients allocated a liver: observed time from registration to date of

notification of a liver offer.
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11.1.2. Patients who received transplant in real-life but not in the simulation: time
from registration to earliest of predicted death date or 1 January 2014

11.1.3. Patients removed (regardless of reason for removal from the list), died or
suspended: observed time from registration to earliest of removal date, death
date, date of suspension or 1 January 2014.

11.1.4. Patients active on 1 January 2014: observed time from registration to 1 
January 2014.

11.2. Median waiting time to transplant by disease group was calculated using
Kaplan-Meier estimation with only patients allocated a liver during 2013

classed as an event (all other registrations censored regardless of outcome,
11.1.2, 11.1.3 and 11.1.4).
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1. Executive summary

1.1. Primary outcomes. When comparing current centre based allocation with
the three simulated allocation methods the number of cases predicted to die
on the transplant list was significantly reduced in both benefits based (M3) and
needs based (M1) allocation, compared to those who actually died during 2013.

1.2. Primary outcomes. Survival from point of registration (population life years
which includes post-transplant survival) are highest with benefits based (M3)
or needs based (M1) allocation and lowest with the current allocation.

1.3. Table 3; fewer people registered with a Hepatocellular Carcinoma (HCC) die
on the transplant list/are removed due to condition deteriorated in
M1/M3/M2 (utility based) allocation models compared to current allocation.

1.4. Table 3; fewer patients registered waiting for their transplant as an
inpatient die in M1/M3 (4 cases) versus current allocation (19 cases) or M2 (29
cases).

1.5. Table 5; fewer cases with HCC are transplanted in the M1/M3 compared to
current allocation.

1.6. Table 8; the median waiting time to transplantation for HCC is prolonged in
M1/M3 compared to current practice, but for patients with Hepatitis C cirrhosis
(HCV) it is much shorter

1.7. Table A2.1; the number of cases registered with a variant syndrome over
the 4 years to end 2012 is low – 504. Their annual transplant mortality/removal
rate is low. Diuretic resistant ascites (as coded) does not carry a worse
prognosis of death on the list over the patient’s UKELD score.

1.8. Table 10; fewer cases with a variant syndrome die in M1 (6 cases) and M3 (5
cases) compared to current practice (11 cases) and in M2 (14 cases).
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2. Simulation overview

3. Primary outcomes: mortality and patient-years

Table 1 Mortality and patient-years associated with the current liver
allocation scheme and the simulated allocation schemes based
on the simulation period, 1 January 2013 to 31 December 2013
(1287 registrations)

No (%) died/ removed1 Patient-years

Current scheme 93 (7%) 4581
Need (M1) 48 (4%) 5187
Utility (M2) 95 (7%) 4779
Transplant benefit (M3) 48 (4%) 5262
1 Removed due to condition deteriorated

4. Secondary outcomes

Table 2 Survival post-transplant (95% confidence interval)

6 month 1 yearNo. at risk
on day 0 Actual Predicted Predicted

Current scheme 629 88.2 (85.1, 90.7) 100 (-) 99.2 (98.1, 99.7)
Need (M1) 625 - 99.8 (98.9, 100.0) 99.5 (98.5, 99.8)
Utility (M2) 629 - 100 (-) 100 (-)
Transplant benefit (M3) 625 - 100 (-) 100 (-)

No of donors, registrations and transplants per model in
simulation

N

Liver donors 629
Registrations 1287
Transplants per model 629 (R1), 6252 (M1), 629 (M2), 6252 (M3)

1 R: current practice
2 4 AB donors unallocated in Need (M1) and transplant benefit (M3)
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Table 3 Characteristics of transplant list deaths/removals

Current scheme M1 M2 M3

Variable Levels
All regs
(n=1287)

N
(n=93)

% of
deaths

% of all
reg

N
(n=48)

% of
deaths

% of all
reg

N
(n=95)

% of
deaths

% of all
reg

N
(n=48)

% of
deaths

% of all
reg

Age Median (IQR) 54 (46, 60) 57 (52, 61) 55.5 (48, 60.5) 57 (52, 62) 56.5 (49, 61)
17-29 74 (5.7%) 2 (2.2%) (2.7%) 1 (2.1%) (1.4%) 2 (2.1%) (2.7%) 1 (2.1%) (1.4%)
30-39 110 (8.5%) 4 (4.3%) (3.6%) 3 (6.3%) (2.7%) 6 (6.3%) (5.5%) 3 (6.3%) (2.7%)
40-49 255 (19.8%) 14 (15.1%) (5.5%) 11 (22.9%) (4.3%) 12 (12.6%) (4.7%) 9 (18.8%) (3.5%)
50-59 494 (38.4%) 35 (37.6%) (7.1%) 16 (33.3%) (3.2%) 39 (41.1%) (7.9%) 17 (35.4%) (3.4%)
60-69 336 (26.1%) 35 (37.6%) (10.4%) 16 (33.3%) (4.8%) 32 (33.7%) (9.5%) 17 (35.4%) (5.1%)

Age group

70+ 18 (1.4%) 3 (3.2%) (16.7%) 1 (2.1%) (5.6%) 4 (4.2%) (22.2%) 1 (2.1%) (5.6%)
Male 810 (62.9%) 62 (66.7%) (7.7%) 33 (68.8%) (4.1%) 63 (66.3%) (7.8%) 33 (68.8%) (4.1%)Gender
Female 477 (37.1%) 31 (33.3%) (6.5%) 15 (31.3%) (3.1%) 32 (33.7%) (6.7%) 15 (31.3%) (3.1%)
O 676 (52.5%) 53 (57%) (7.8%) 30 (62.5%) (4.4%) 52 (54.7%) (7.7%) 29 (60.4%) (4.3%)
A 426 (33.1%) 29 (31.2%) (6.8%) 12 (25%) (2.8%) 31 (32.6%) (7.3%) 14 (29.2%) (3.3%)
B 152 (11.8%) 10 (10.8%) (6.6%) 5 (10.4%) (3.3%) 11 (11.6%) (7.2%) 4 (8.3%) (2.6%)

Blood group

AB 33 (2.6%) 1 (1.1%) (3%) 1 (2.1%) (3%) 1 (1.1%) (3%) 1 (2.1%) (3%)
Cancer 273 (21.2%) 16 (17.2%) (5.9%) 13 (27.1%) (4.8%) 6 (6.3%) (2.2%) 13 (27.1%) (4.8%)
HCV 142 (11.0%) 13 (14%) (9.2%) 5 (10.4%) (3.5%) 15 (15.8%) (10.6%) 6 (12.5%) (4.2%)
ALD 284 (22.1%) 24 (25.8%) (8.5%) 12 (25%) (4.2%) 23 (24.2%) (8.1%) 11 (22.9%) (3.9%)
HBV 10 (0.8%) 1 (1.1%) (10%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%)
PSC 109 (8.5%) 2 (2.2%) (1.8%) 1 (2.1%) (0.9%) 7 (7.4%) (6.4%) 1 (2.1%) (0.9%)
PBC 79 (6.1%) 7 (7.5%) (8.9%) 2 (4.2%) (2.5%) 7 (7.4%) (8.9%) 2 (4.2%) (2.5%)
AID 84 (6.5%) 6 (6.5%) (7.1%) 3 (6.3%) (3.6%) 6 (6.3%) (7.1%) 3 (6.3%) (3.6%)
Metabolic liver
disease

118 (9.2%) 10 (10.8%) (8.5%) 5 (10.4%) (4.2%) 16 (16.8%) (13.6%) 5 (10.4%) (4.2%)

Other liver disease 99 (7.7%) 3 (3.2%) (3%) 2 (4.2%) (2%) 2 (2.1%) (2%) 1 (2.1%) (1%)

Aetiology

1 previous tx 89 (6.9%) 11 (11.8%) (12.4%) 5 (10.4%) (5.6%) 13 (13.7%) (14.6%) 6 (12.5%) (6.7%)
Yes 277 (21.5%) 21 (22.6%) (7.6%) 12 (25%) (4.3%) 17 (17.9%) (6.1%) 13 (27.1%) (4.7%)HCV
No 1010 (78.5%) 72 (77.4%) (7.1%) 36 (75%) (3.6%) 78 (82.1%) (7.7%) 35 (72.9%) (3.5%)

Creatinine Median (IQR) 74 (62, 94) 81 (71, 113) 76 (68, 108) 82 (68, 117) 76 (67.5, 102.5)
Bilirubin Median (IQR) 41 (22, 77) 43 (26, 100) 31 (17, 48.5) 71 (35, 259) 31 (17, 50)
INR Median (IQR) 1.3 (1.1, 1.5) 1.3 (1.3, 1.6) 1.3 (1.2, 1.6) 1.4 (1.3, 1.8) 1.3 (1.2, 1.55)
Sodium Median (IQR) 137 (134, 140) 136 (132, 138) 137.5 (135, 139.5) 136 (131, 138) 138 (135.5, 139.5)
Potassium Median (IQR) 4.1 (3.8, 4.5) 4.2 (3.9, 4.6) 4.3 (3.95, 4.6) 4.2 (3.8, 4.5) 4.3 (3.95, 4.6)
Albumin Median (IQR) 32 (28, 37) 30 (27, 34) 31.5 (27, 35.5) 30 (26, 35) 30 (27, 35)

Yes 22 (1.7%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%)Renal replacement
therapy No 1265 (98.3%) 93 (100%) (7.4%) 48 (100%) (3.8%) 95 (100%) (7.5%) 48 (100%) (3.8%)
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Table 3 Characteristics of transplant list deaths/removals

Current scheme M1 M2 M3
Inpatient 162 (12.6%) 19 (20.4%) (11.7%) 4 (8.3%) (2.5%) 29 (30.5%) (17.9%) 4 (8.3%) (2.5%)Patient location
Outpatient 1125 (87.4%) 74 (79.6%) (6.6%) 44 (91.7%) (3.9%) 66 (69.5%) (5.9%) 44 (91.7%) (3.9%)
2008 2 (0.2%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%)
2009 13 (1.0%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%)
2010 24 (1.9%) 3 (3.2%) (12.5%) 2 (4.2%) (8.3%) 3 (3.2%) (12.5%) 2 (4.2%) (8.3%)
2011 67 (5.2%) 8 (8.6%) (11.9%) 8 (16.7%) (11.9%) 8 (8.4%) (11.9%) 8 (16.7%) (11.9%)
2012 325 (25.3%) 29 (31.2%) (8.9%) 23 (47.9%) (7.1%) 23 (24.2%) (7.1%) 23 (47.9%) (7.1%)

Registration year

2013 856 (66.5%) 53 (57%) (6.2%) 15 (31.3%) (1.8%) 61 (64.2%) (7.1%) 15 (31.3%) (1.8%)
Yes 266 (20.7%) 25 (26.9%) (9.4%) 11 (22.9%) (4.1%) 27 (28.4%) (10.2%) 11 (22.9%) (4.1%)Previous abdominal

surgery No 1021 (79.3%) 68 (73.1%) (6.7%) 37 (77.1%) (3.6%) 68 (71.6%) (6.7%) 37 (77.1%) (3.6%)
Yes 401 (31.2%) 45 (48.4%) (11.2%) 21 (43.8%) (5.2%) 42 (44.2%) (10.5%) 21 (43.8%) (5.2%)Encephalopathy
No 886 (68.8%) 48 (51.6%) (5.4%) 27 (56.3%) (3%) 53 (55.8%) (6%) 27 (56.3%) (3%)
Yes 703 (54.6%) 69 (74.2%) (9.8%) 34 (70.8%) (4.8%) 73 (76.8%) (10.4%) 34 (70.8%) (4.8%)Ascites
No 584 (45.4%) 24 (25.8%) (4.1%) 14 (29.2%) (2.4%) 22 (23.2%) (3.8%) 14 (29.2%) (2.4%)
Yes 305 (23.7%) 29 (31.2%) (9.5%) 19 (39.6%) (6.2%) 32 (33.7%) (10.5%) 19 (39.6%) (6.2%)Diabetes
No 982 (76.3%) 64 (68.8%) (6.5%) 29 (60.4%) (3%) 63 (66.3%) (6.4%) 29 (60.4%) (3%)
Cancer only 12 (0.9%) 1 (1.1%) (8.3%) 1 (2.1%) (8.3%) 1 (1.1%) (8.3%) 1 (2.1%) (8.3%)
Cancer and CLD1 252 (19.6%) 15 (16.1%) (6.0%) 12 (25.0%) (4.8%) 5 (5.3%) (2.0%) 12 (25%) (4.8%)
Cancer, variant and
CLD

9 (0.7%) 0 (0.0%) (0.0%) 0 (0.0%) (0.0%) 0 (0.0%) (0.0%) 0 (0.0%) (0.0%)

Variant only 56 (4.4%) 2 (2.2%) (3.6%) 2 (4.2%) (3.6%) 0 (0.0%) (0.0%) 2 (4.2%) (3.6%)
Variant and CLD 153 (11.9%) 9 (9.7%) (5.9%) 4 (8.3%) (2.6%) 14 (14.7%) (9.2%) 3 (6.3%) (2.0%)

Criteria for listing

CLD 805 (62.5%) 66 (71.0%) (8.2%) 29 (60.4%) (3.6%) 75 (78.9%) (9.3%) 30 (62.5%) (3.7%)
Cancer 273 (21.2%) 16 (17.2%) (5.9%) 13 (27.1%) (4.8%) 6 (6.3%) (2.2%) 13 (27.1%) (4.8%)
Non-cancer Variant 209 (16.2%) 11 (11.8%) (5.3%) 6 (12.5%) (2.9%) 14 (14.7%) (6.7%) 5 (10.4%) (2.4%)

Grouped criteria for
listing

Chronic liver disease 805 (62.5%) 66 (71.0%) (8.2%) 29 (60.4%) (3.6%) 75 (78.9%) (9.3%) 30 (62.5%) (3.7%)

Of the patients with cancer (N) 273 16 13 6 13
Maximum AFP Median (IQR) 8 (4, 31) 5.5 (3.0, 9.5) 6.0 (4.0, 10.0) 6.5 (4.0, 10.0) 6.0 (4.0, 10.0)
Max tumour size Median (IQR) 2.4 (1.8, 3.0) 2.1 (1.6, 2.6) 2.1 (1.6, 2.6) 2.4 (2.0, 4.0) 2.1 (1.6, 2.6)

1 192 (70.3%) 14 (87.5%) (7.3%) 12 (92%) (6.3%) 6 (100%) (3.1%) 12 (92%) (6.3%)
2 55 (20.1%) 2 (12.5%) (3.6%) 1 (8%) (1.8%) 0 (0%) (0%) 1 (8%) (1.8%)
3 20 (7.3%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%)
4 5 (1.8%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%)

Number of tumours

5 1 (0.4%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%)

1 CLD: chronic liver disease
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Table 4 p-values1 for characteristics of deaths/removals from transplant list (simulation versus
current scheme)

M1 v Current M2 v Current M3 v Current
N=48 N=95 N=48

Registration age continuous 0.2 0.9 0.4
Grouped 0.87 0.96 0.98

Gender 0.85 >0.99 0.85

Blood group 0.8 0.99 0.94

Aetiology 0.98 0.3 0.98

HCV 0.83 0.5 0.7

Creatinine continuous 0.3 >0.99 0.2

Bilirubin continuous 0.02 0.007 0.03

INR continuous 0.13 0.3 0.14

Sodium continuous 0.01 0.3 0.005

Renal replacement therapy - - -

Patient location 0.09 0.13 0.09

Registration year 0.02 0.7 0.02

Potassium continuous 0.94 0.2 0.84

Albumin continuous 0.6 0.6 0.84

Previous abdominal surgery 0.7 0.9 0.7

Encephalopathy 0.7 0.7 0.7

Ascites 0.7 0.7 0.7

Diabetes 0.4 0.8 0.4

Of the patients with cancer
AFP continuous 0.5 0.6 0.5
Maximum tumour size continuous 0.93 0.4 0.93
Number of tumours >0.99 >0.99 >0.99

1 chi-squared p-values for categorical data and Wilcoxon p-values for continuous data
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Table 5 Characteristics of transplanted patients
Variable Levels Current scheme M1 M2 M3

All regs
(n=1287)

N
(n=629)

% of txs % of all
reg

N
(n=625)

% of
txs

% of all
reg

N
(n=629)

% of txs % of all
reg

N
(n=625)

% of txs % of all
reg

Age Median (IQR) 54 (46, 60) 54 (45, 60) 55 (48, 62) 54 (47, 60) 55 (48, 61)
17-29 74 (5.7%) 44 (7%) (59.5%) 25 (4%) (33.8%) 29 (4.6%) (39.2%) 26 (4.2%) (35.1%)
30-39 110 (8.5%) 53 (8.4%) (48.2%) 39 (6.2%) (35.5%) 44 (7%) (40%) 39 (6.2%) (35.5%)
40-49 255 (19.8%) 134 (21.3%) (52.5%) 119 (19%) (46.7%) 133 (21.1%) (52.2%) 122 (19.5%) (47.8%)
50-59 494 (38.4%) 236 (37.5%) (47.8%) 244 (39%) (49.4%) 251 (39.9%) (50.8%) 241 (38.6%) (48.8%)
60-69 336 (26.1%) 156 (24.8%) (46.4%) 183 (29.3%) (54.5%) 165 (26.2%) (49.1%) 182 (29.1%) (54.2%)

Age group

70+ 18 (1.4%) 6 (1%) (33.3%) 15 (2.4%) (83.3%) 7 (1.1%) (38.9%) 15 (2.4%) (83.3%)
Male 810 (62.9%) 404 (64.2%) (49.9%) 404 (64.6%) (49.9%) 385 (61.2%) (47.5%) 408 (65.3%) (50.4%)Gender
Female 477 (37.1%) 225 (35.8%) (47.2%) 221 (35.4%) (46.3%) 244 (38.8%) (51.2%) 217 (34.7%) (45.5%)
O 676 (52.5%) 253 (40.2%) (37.4%) 255 (40.8%) (37.7%) 255 (40.5%) (37.7%) 255 (40.8%) (37.7%)
A 426 (33.1%) 263 (41.8%) (61.7%) 252 (40.3%) (59.2%) 261 (41.5%) (61.3%) 252 (40.3%) (59.2%)
B 152 (11.8%) 91 (14.5%) (59.9%) 89 (14.2%) (58.6%) 89 (14.1%) (58.6%) 89 (14.2%) (58.6%)

Blood group

AB 33 (2.6%) 22 (3.5%) (66.7%) 29 (4.6%) (87.9%) 24 (3.8%) (72.7%) 29 (4.6%) (87.9%)
Cancer 273 (21.2%) 143 (22.7%) (52.4%) 55 (8.8%) (20.1%) 206 (32.8%) (75.5%) 54 (8.6%) (19.8%)
HCV 142 (11.0%) 72 (11.4%) (50.7%) 90 (14.4%) (63.4%) 40 (6.4%) (28.2%) 85 (13.6%) (59.9%)
ALD 284 (22.1%) 136 (21.6%) (47.9%) 153 (24.5%) (53.9%) 156 (24.8%) (54.9%) 165 (26.4%) (58.1%)
HBV 10 (0.8%) 7 (1.1%) (70%) 8 (1.3%) (80%) 8 (1.3%) (80%) 8 (1.3%) (80%)
PSC 109 (8.5%) 63 (10%) (57.8%) 53 (8.5%) (48.6%) 13 (2.1%) (11.9%) 50 (8%) (45.9%)
PBC 79 (6.1%) 44 (7%) (55.7%) 53 (8.5%) (67.1%) 51 (8.1%) (64.6%) 55 (8.8%) (69.6%)
AID 84 (6.5%) 45 (7.2%) (53.6%) 40 (6.4%) (47.6%) 59 (9.4%) (70.2%) 44 (7%) (52.4%)
Metabolic LD 118 (9.2%) 56 (8.9%) (47.5%) 93 (14.9%) (78.8%) 36 (5.7%) (30.5%) 89 (14.2%) (75.4%)
Other LD 99 (7.7%) 26 (4.1%) (26.3%) 20 (3.2%) (20.2%) 47 (7.5%) (47.5%) 23 (3.7%) (23.2%)

Aetiology

1 previous tx 89 (6.9%) 37 (5.9%) (41.6%) 60 (9.6%) (67.4%) 13 (2.1%) (14.6%) 52 (8.3%) (58.4%)
Yes 277 (21.5%) 145 (23.1%) (52.3%) 126 (20.2%) (45.5%) 149 (23.7%) (53.8%) 120 (19.2%) (43.3%)HCV
No 1010 (78.5%) 484 (76.9%) (47.9%) 499 (79.8%) (49.4%) 480 (76.3%) (47.5%) 505 (80.8%) (50%)

Creatinine Median (IQR) 74 (62, 94) 72 (60, 90) 77 (64, 100) 73 (60, 88) 77 (64, 99)
Bilirubin Median (IQR) 41 (22, 77) 49 (26, 94) 65 (36, 119) 35 (18, 67) 64 (36, 119)
NR Median (IQR) 1.3 (1.1, 1.5) 1.4 (1.2, 1.6) 1.4 (1.3, 1.7) 1.3 (1.1, 1.6) 1.5 (1.3, 1.7)

Sodium Median (IQR) 137 (134, 140) 137 (134, 140) 136 (133, 138) 138 (135, 140) 136 (133, 139)
Potassium Median (IQR) 4.1 (3.8, 4.5) 4.1 (3.8, 4.4) 4.2 (3.9, 4.6) 4.1 (3.9, 4.4) 4.1 (3.9, 4.6)
Albumin Median (IQR) 32 (28, 37) 31 (27, 37) 30 (27, 35) 33 (29, 38) 30 (27, 35)

Yes 22 (1.7%) 5 (0.8%) (22.7%) 6 (1%) (27.3%) 9 (1.4%) (40.9%) 5 (0.8%) (22.7%)Renal replacement
therapy No 1265 (98.3%) 624 (99.2%) (49.3%) 619 (99%) (48.9%) 620 (98.6%) (49%) 620 (99.2%) (49%)

Inpatient 162 (12.6%) 90 (14.3%) (55.6%) 113 (18.1%) (69.8%) 39 (6.2%) (24.1%) 113 (18.1%) (69.8%)Patient location
Outpatient 1125 (87.4%) 539 (85.7%) (47.9%) 512 (81.9%) (45.5%) 590 (93.8%) (52.4%) 512 (81.9%) (45.5%)
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Table 5 Characteristics of transplanted patients
Variable Levels Current scheme M1 M2 M3

2008 2 (0.2%) 1 (0.2%) (50%) . (.%) 1 (0.2%) (50%) . (.%)
2009 13 (1.0%) 1 (0.2%) (7.7%) 1 (0.2%) (7.7%) 5 (0.8%) (38.5%) 1 (0.2%) (7.7%)
2010 24 (1.9%) 10 (1.6%) (41.7%) 6 (1%) (25%) 5 (0.8%) (20.8%) 4 (0.6%) (16.7%)
2011 67 (5.2%) 23 (3.7%) (34.3%) 7 (1.1%) (10.4%) 24 (3.8%) (35.8%) 7 (1.1%) (10.4%)
2012 325 (25.3%) 173 (27.5%) (53.2%) 98 (15.7%) (30.2%) 186 (29.6%) (57.2%) 100 (16%) (30.8%)

Registration year

2013 856 (66.5%) 421 (66.9%) (49.2%) 513 (82.1%) (59.9%) 408 (64.9%) (47.7%) 513 (82.1%) (59.9%)
Yes 266 (20.7%) 110 (17.5%) (41.4%) 133 (21.3%) (50%) 78 (12.4%) (29.3%) 128 (20.5%) (48.1%)Previous

abdominal surgery No 1021 (79.3%) 519 (82.5%) (50.8%) 492 (78.7%) (48.2%) 551 (87.6%) (54%) 497 (79.5%) (48.7%)
Yes 401 (31.2%) 199 (31.6%) (49.6%) 244 (39%) (60.8%) 178 (28.3%) (44.4%) 239 (38.2%) (59.6%)Encephalopathy
No 886 (68.8%) 430 (68.4%) (48.5%) 381 (61%) (43%) 451 (71.7%) (50.9%) 386 (61.8%) (43.6%)
Yes 703 (54.6%) 357 (56.8%) (50.8%) 410 (65.6%) (58.3%) 301 (47.9%) (42.8%) 403 (64.5%) (57.3%)Ascites
No 584 (45.4%) 272 (43.2%) (46.6%) 215 (34.4%) (36.8%) 328 (52.1%) (56.2%) 222 (35.5%) (38%)

Diabetes Yes 305 (23.7%) 138 (21.9%) (45.2%) 158 (25.3%) (51.8%) 112 (17.8%) (36.7%) 155 (24.8%) (50.8%)
No 982 (76.3%) 491 (78.1%) (50%) 467 (74.7%) (47.6%) 517 (82.2%) (52.6%) 470 (75.2%) (47.9%)
Cancer only 12 (0.9%) 4 (0.6%) (33.3%) 1 (0.2%) (8.3%) 10 (1.6%) (83.3%) 2 (0.3%) (16.7%)
Cancer and CLD 252 (19.6%) 130 (20.7%) (51.6%) 50 (8.0%) (19.8%) 189 (30.0%) (75.0%) 48 (7.7%) (19.0%)
Cancer, variant and
CLD

9 (0.7%) 9 (1.4%) (100%) 4 (0.6%) (44.4%) 7 (1.1%) (77.8%) 4 (0.6%) (44.4%)

Variant only 56 (4.4%) 12 (1.9%) (21.4%) 5 (0.8%) (8.9%) 29 (4.6%) (51.8%) 6 (1.0%) (10.7%)
Variant and CLD 153 (11.9%) 67 (10.7%) (43.8%) 76 (12.2%) (49.7%) 73 (11.6%) (47.7%) 77 (12.3%) (50.3%)

Criteria for listing

CLD 805 (62.5%) 407 (64.7%) (50.6%) 489 (78.2%) (60.7%) 321 (51.0%) (39.9%) 488 (78.1%) (60.6%)
Cancer 273 (21.2%) 143 (22.7%) (52.4%) 55 (8.8%) (20.1%) 206 (32.8%) (75.5%) 54 (8.6%) (19.8%)
Non-cancer
Variant

209 (16.2%) 79 (12.6%) (37.8%) 81 (13.0%) (38.8%) 102 (16.2%) (48.8%) 83 (13.3%) (39.7%)
Grouped criteria for
listing

CLD 805 (62.5%) 407 (64.7%) (50.6%) 489 (78.2%) (60.7%) 321 (51.0%) (39.9%) 488 (78.1%) (60.6%)

Of the patients with cancer (N) 273 143 55 206 54
AFP Median (IQR) 8 (4, 31) 10 (5, 29) 11 (5, 40) 9 (4, 33) 11 (4, 40)
Max tumour size Median (IQR) 2.4 (1.8, 3.0) 2.5 (1.9, 3) 2.3 (2, 3) 2.3 (1.8, 2.8) 2.3 (2.0, 2.8)

1 192 (70.3%) 100 (70%) (52.1%) 41 (75%) (21.4%) 137 (67%) (71.4%) 38 (70%) (19.8%)
2 55 (20.1%) 30 (21%) (54.5%) 11 (20%) (20%) 45 (22%) (81.8%) 13 (24%) (23.6%)
3 20 (7.3%) 9 (6%) (45%) 3 (5%) (15%) 18 (9%) (90.0%) 3 (6%) (15%)
4 5 (1.8%) 3 (2%) (60%) 0 (0%) (0%) 5 (2%) (100%) 0 (0%) (0%)

Number of tumours

5 1 (0.4%) 1 (1%) (100%) 0 (0%) (0%) 1 (0.5%) (100%) 0 (0%) (0%)
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Table 6 p-values1 for characteristics of transplanted patients (simulation versus current scheme)

M1 v Current M2 v Current M3 v Current
N=48 N=95 N=48

Registration age continuous 0.002 0.2 0.003
Grouped 0.01 0.5 0.02

Gender 0.9 0.3 0.7

Blood group 0.75 0.99 0.75

Aetiology <0.0001 <0.0001 <0.0001

HCV 0.2 0.8 0.1

Creatinine continuous <0.0001 0.7 0.0004

Bilirubin continuous <0.0001 <0.0001 <0.0001

INR continuous <0.0001 0.02 <0.0001

Sodium continuous <0.0001 0.002 <0.0001

Renal replacement therapy 0.8 0.4 >0.99

Patient location 0.08 <0.0001 0.08

Registration year <0.0001 0.4 <0.001

Potassium continuous 0.02 0.8 0.04

Albumin continuous 0.004 <0.0001 0.004

Previous abdominal surgery 0.1 0.01 0.2

Encephalopathy 0.007 0.2 0.02

Ascites 0.001 0.002 0.006

Diabetes 0.2 0.08 0.3

Of the patients with cancer
AFP continuous 0.4 0.7 0.4
Maximum tumour size continuous 0.9 0.09 0.7
Number of tumours 0.9 0.92 0.93

1 chi-squared p-values for categorical data and Wilcoxon p-values for continuous data
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Table 7 Zonal usage of DBD and DCD livers

Donor type Used in zone Current
allocation

M1 M2 M3

DBD Zonal (% of DBD) 356 (73%) 76 (16%) 73 (15%) 83 (17%)
Non-zonal (% of DBD) 135 (27%) 413 (84%) 418 (85%) 406 (83%)
Total (% of overall) 491 (78%) 489 (78%) 491 (78%) 489 (78%)

DCD Zonal (% of DCD) 96 (70%) 24 (18%) 26 (19%) 25 (18%)
Non-zonal (% of DCD) 42 (30%) 112 (82%) 112 (81%) 111 (82%)
Total (% of overall) 138 (22%) 136 (22%) 138 (22%) 136 (22%)

Overall Zonal (% of overall) 452 (72%) 100 (16%) 99 (16%) 108 (17%)
Non-zonal (% of overall) 177 (28%) 525 (84%) 530 (84%) 517 (83%)
Total (% of overall) 629 (100%) 625 (100%) 629 (100%) 625 (100%)

Table 8 Median waiting time to transplant, in days, (95% confidence interval) by aetiology

N Current scheme Need (M1) Utility (M2) Transplant benefit
(M3)

Cancer 273 204 (175, 233) 753 (311, 1195) 57 (47, 67) 747 (400, 1094)
HCV 142 218 (162, 274) 64 (41, 87) 863 (571, 1155) 87 (64, 110)
ALD 284 218 (177, 259) 190 (157, 223) 259 (217, 301) 118 (94, 142)
HBV 10 153 (62, 244) 38 (11, 65) 18 (5, 31) 22 (6, 38)
PSC 109 201 (158, 244) 269 (-)2 >3641 >3051

PBC 79 212 (148, 276) 58 (37, 79) 154 (100, 208) 32 (18, 46)
AID 84 339 (235, 443) 599 (370, 828) 198 (131, 265) 354 (223, 485)
Metabolic liver disease 118 359 (272, 446) 17 (13, 21) 901 (570, 1232) 15 (11, 19)
Other liver disease 99 >9451 >3951 418 (292, 544) >4391

One or more
previous transplant

89 548 (364, 732) 71 (47, 95) >4611 117 (80, 154)

Overall 1287 257 (236, 278) 341 (298, 384) 334 (311, 357) 354 (317, 391)
1 Unable to estimate median time to transplant
2 Unable to estimate 95% confidence interval
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Table 9 Blood group distributions allocated under the simulations

Donor
O A B AB Total

Recipient
blood group

Actual O 253 (99%) - - - 253 (40%)
A 0 (0%) 262 (98%) - 1 (5%) 263 (42%)
B 2 (1%) - 89 (100%) - 91 (14%)
AB 0 (0%) 4 (2%) 0 (0%) 18 (95%) 22 (4%)

Total 255 (100%) 266 (100%) 89 (100%) 19 (100%) 629 (100%)

O 255 (100%) - - - 255 (41%)M1
simulation A 0 (0%) 252 (95%) - - 252 (40%)

B 0 (0%) - 89 (100%) - 89 (14%)
AB 0 (0%) 14 (5%) 0 (0%) 15 (100%) 29 (5%)

Total 255 (100%) 266 (100%) 89 (100%) 15 (100%) 625 (100%)

Not
allocated

0 (-) 0 (-) 0 (-) 4 (-) 4 (-)

O 255 (100%) - - - 255 (41%)M2
simulation A 0 (0%) 261 (98%) - - 261 (41%)

B 0 (0%) - 89 (100%) - 89 (14%)
AB 0 (0%) 5 (2%) 0 (0%) 19 (100%) 24 (4%)

Total 255 (100%) 266 (100%) 89 (100%) 19 (100%) 629 (100%)

Not
allocated

0 (-) 0 (-) 0 (-) 0 (-) 0 (-)

O 255 (100%) - - - 255 (41%)
A 0 (0%) 252 (95%) - - 252 (40%)

M3
simulation

B 0 (0%) - 89 (100%) - 89 (14%)
AB 0 (0%) 14 (5%) 0 (0%) 15 (100%) 29 (5%)

Total 255 (100%) 266 (100%) 89 (100%) 15 (100%) 625 (100%)

Not
allocated

0 (-) 0 (-) 0 (-) 4 (-) 4 (-)
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5. Variant syndromes in simulation cohort

Table 10 Deaths/removals on the transplant list for non-cancer variant syndrome registrations
Current scheme M1 M2 M3

Levels

All regs
(n=209)

UKELD < 49 (% of
all elective regs1)

N
(n=11)

% of
deaths

% of all
reg

N
(n=6)

% of
deaths

% of all
reg

N
(n=14

)

% of
deaths

% of all
reg

N
(n=5)

% of
deaths

% of all
reg

One variant syndrome
Diuretic resistant ascites 113 8 (0.6%) 8 (72.7%) (7.1%) 3 (50.0%) (2.7%) 13 (92.9%)(11.5%) 2 (40%) (1.8%)
Hepatopulmonary syndrome 6 3 (0.2%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%)
Chronic hepatic encephalopathy 13 10 (0.8%) 1 (9.1%) (7.7%) 1 (16.7%) (7.7%) 1 (7.1%) (7.7%) 1 (20%) (7.7%)
Persistent and intractable pruritus 8 4 (0.3%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%)
Familial amyloidosis 9 8 (0.6%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%)
Primary hyperlipidaemia 0 0 (0%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%)
Polycystic liver disease 31 27 (2.1%) 1 (9.1%) (3.2%) 1 (16.7%) (3.2%) 0 (0%) (0%) 1 (20%) (3.2%)
Recurrent cholangitis 6 3 (0.2%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%)
Other liver disease 9 8 (0.6%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%)
Total 195 71 (5.5%) 10 (90.9%) (5.1%) 5 (83.3%) (2.6%) 14 (100%) (7.2%) 4 (80%) (2.1%)

Two variant syndromes
DRA + chronic hepatic encephalopathy 9 4 (0.3%) 1 (9.1%) (11.1%) 1 (16.7%) (11.1%) 0 (0%) (0%) 1 (20%) (11.1%)
DRA + Familial amyloidosis 1 1 (0.08%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%)
DRA + Polycystic liver disease 2 2 (0.2%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%)
Pruritus + Recurrent cholangitis 1 0 (0%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%)
Polycystic liver disease + Recurrent
cholangitis

1 1 (0.08%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%)

Total 14 8 (0.6%) 1 (9.1%) (7.1%) 1 (16.7%) (7.1%) 0 (0%) (0%) 1 (20%) (7.1%)

1 Percentage of all elective liver only registrations included in the simulation (n=1287)
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Table 11 Variant syndrome of non-cancer variant syndrome transplanted patients
Current scheme M1 M2 M3

Levels

All
regs

(n=209)

N
(n=79)

% of
txs

% of
all reg

N
(n=81)

% of
txs

% of
all reg

N
(n=102

)

% of
txs

% of
all reg

N
(n=83

)

% of
txs

% of
all reg

One variant syndrome
Diuretic resistant ascites 113 56 (70.9%) (49.6%) 68 (84.0%) (60.2%) 51 (50.0%)(45.1%) 66 (79.5%)(58.4%)
Hepatopulmonary syndrome 6 2 (2.5%) (33.3%) 2 (2.5%) (33.3%) 4 (3.9%) (66.7%) 2 (2.4%) (33.3%)
Chronic hepatic
encephalopathy

13 2 (2.5%) (15.4%) 4 (4.9%) (30.8%) 7 (6.9%) (53.8%) 5 (6.0%) (38.5%)

Persistent and intractable
pruritus

8 4 (5.1%) (50.0%) 1 (1.2%) (12.5%) 6 (5.9%) (75.0%) 3 (3.6%) (37.5%)

Familial amyloidosis 9 4 (5.1%) (44.4%) 1 (1.2%) (11.1%) 1 (1.0%) (11.1%) 1 (1.2%) (11.1%)
Primary hyperlipidaemia 0 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%)
Polycystic liver disease 31 2 (2.5%) (6.5%) 2 (2.5%) (6.5%) 18 (17.6%)(58.1%) 2 (2.4%) (6.5%)
Recurrent cholangitis 6 2 (2.5%) (33.3%) 0 (0%) (0%) 2 (2.0%) (33.3%) 1 (1.2%) (16.7%)
Other liver disease 9 3 (3.8%) (33.3%) 0 (0%) (0%) 4 (3.9%) (44.4%) 0 (0%) (0%)
Total 195 75 (94.9%) (38.5%) 78 (96.3%) (40%) 93 (91.2%)(47.7%) 80 (96.4%)(41.0%)

Two variant syndromes
DRA + chronic hepatic
encephalopathy

9 4 (5.1%) (44.4%) 3 (3.7%) (33.3%) 6 (5.9%) (66.7%) 3 (3.6%) (33.3%)

DRA + Familial amyloidosis 1 0 (0%) (0%) 0 (0%) (0%) 1 (1.0%) (100%) 0 (0%) (0%)
DRA + Polycystic liver disease 2 0 (0%) (0%) 0 (0%) (0%) 1 (1.0%) (50%) 0 (0%) (0%)
Pruritus + Recurrent cholangitis 1 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%) 0 (0%) (0%)
Polycystic liver disease +
Recurrent cholangitis

1 0 (0%) (0%) 0 (0%) (0%) 1 (1.0%) (100%) 0 (0%) (0%)

Total 14 4 (5.1%) (28.6%) 3 (3.7%) (21.4%) 9 (8.8%) (64.3%) 3 (3.6%) (21.4%)
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Appendix 1: Graphical display of simulation outcomes
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11 registrations were excluded from Figure 23 as they had AFP levels higher than 1000 (range: 1380-6499) but they
are included in the calculation of the statistics.

273 143 55 206 54 273 16 13  6 13

273 143 55 206 54 273 16 13 6 13
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Appendix 2:  Transplant list and transplant characteristics of variant syndromes, 2009-2012

Table A2.1 Variant syndrome for non-cancer registrations between 1 January 2009 to 31 December 2012

Registration outcome
N (% of variant
registrations)

UKELD<49 (%
of all regs1)

Transplanted Removed2 Active/
suspended

Died

One variant syndrome
Diuretic resistant ascites 312 (61.9) 13 (0.4) 218 25 8 61
Hepatopulmonary syndrome 8 (1.6) 3 (0.1) 7 0 0 1
Chronic hepatic encephalopathy 45 (8.9) 23 (0.8) 24 9 1 11
Persistent and intractable pruritus 28 (5.6) 10 (0.3) 19 1 2 6
Familial amyloidosis 11 (2.2) 10 (0.3) 10 1 0 0
Primary hyperlipidaemia 0 (0.0) 0 (0.0) 0 0 0 0
Polycystic liver disease 19 (3.8) 18 (0.6) 11 2 6 0
Recurrent cholangitis 12 (2.4) 4 (0.1) 8 1 1 2
Other liver disease 18 (3.6) 13 (0.4) 13 3 1 1
Total 453 (89.9) 94 (3.1) 310 42 19 82

Two variant syndromes
DRA+chronic hepatic encephalopathy 30 (6.0) 5 (0.2) 22 3 0 5
DRA+ Persistent and intractable pruritus 3 (0.6) 0 (0.0) 3 0 0 0
DRA+Familial amyloidosis 1 (0.2) 1 (0.03) 0 0 1 0
DRA+Polycystic liver disease 2 (0.4) 0 (0.0) 2 0 0 0
DRA+Recurrent cholangitis 1 (0.2) 0 (0.0) 1 0 0 0
DRA+other liver disease 4 (0.8) 0 (0.0) 4 0 0 0
Chronic hepatic encephalopathy +
pruritus

4 (0.8) 1 (0.03) 3 1 0 0

Pruritus+Recurrent cholangitis 2 (0.4) 0 (0.0) 2 0 0 0
Pruritus+Other liver disease 1 (0.2) 0 (0.0) 1 0 0 0
Total 48 (9.5) 7 (0.2) 38 4 1 5

Three variant syndromes
DRA+chronic hepatic enceph+pruritus 3 (0.6) 0 (0.0) 0 0 0 3

Total 504 (100) 101 (3.4) 348 46 20 90

1 All adult elective NHS group 1 liver only registrations in the UK, 1 January 2009 to 31 December 2012 (n=3011)
2 Removals due to non-condition deteriorated reasons (e.g. condition improved, outside criteria)
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Table A2.2 Median waiting time to transplant and post-transplant
survival (days, (95% confidence interval) by variant
syndrome, 1 January 2009 to 31 December 2012

Time to transplant
N Median (95% CI)

Diuretic resistant ascites 312 137 (120, 154)
Hepatopulmonary syndrome 8 253 (73, 433)
Chronic hepatic encephalopathy 45 301 (197, 405)
Persistent and intractable pruritus 28 415 (260, 570)
Familial amyloidosis 11 391 (204, 578)
Primary hyperlipidaemia 0 -
Polycystic liver disease 19 919 (489, 1349)
Recurrent cholangitis 12 152 (0, 359)
Other liver disease 18 390 (214, 566)

Overall 453 185 (165, 205)
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Table A2.3 Registration characteristics of variant syndrome registrations, 1 January 2009 to 31 December 2012

Variable Levels Overall
Diuretic
resistant
ascites

Hepatopulmonary
syndrome

Chronic hepatic
encephalopathy

Persistent and
intractable

pruritus
Familial

amyloidosis
Polycystic

liver disease
Recurrent

cholangitis
Other liver

disease

N 453 312 8 45 28 11 19 12 18

Age Median (IQR) 53 (45, 59) 53 (47, 59) 55 (47.5, 59.5) 56 (50, 63) 50 (38.5, 57) 49 (30, 52) 46 (42, 57) 48.5 (41.5, 63.5) 45.5 (31, 56)
17-29 23 (5%) 12 (4%) 0 (0%) 1 (2%) 2 (7%) 2 (18%) 0 (0%) 2 (17%) 4 (22%)
30-39 36 (8%) 23 (7%) 0 (0%) 1 (2%) 6 (21%) 2 (18%) 3 (16%) 0 (0%) 1 (6%)
40-49 116 (26%) 77 (25%) 2 (25%) 8 (18%) 6 (21%) 3 (27%) 9 (47%) 4 (33%) 7 (39%)
50-59 167 (37%) 123 (39%) 4 (50%) 18 (40%) 10 (36%) 4 (36%) 5 (26%) 1 (8%) 2 (11%)
60-69 107 (24%) 74 (24%) 2 (25%) 16 (36%) 4 (14%) 0 (0%) 2 (11%) 5 (42%) 4 (22%)

Age group

70+ 4 (1%) 3 (1%) 0 (0%) 1 (2%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Male 284 (63%) 220 (71%) 4 (50%) 25 (56%) 5 (18%) 6 (55%) 6 (32%) 10 (83%) 8 (44%)Gender
Female 169 (37%) 92 (29%) 4 (50%) 20 (44%) 23 (82%) 5 (45%) 13 (68%) 2 (17%) 10 (56%)
O 202 (45%) 136 (44%) 2 (25%) 21 (47%) 11 (39%) 6 (55%) 10 (53%) 6 (50%) 10 (56%)
A 179 (40%) 123 (39%) 4 (50%) 19 (42%) 11 (39%) 3 (27%) 8 (42%) 3 (25%) 8 (44%)
B 54 (12%) 37 (12%) 2 (25%) 4 (9%) 6 (22%) 2 (18%) 1 (5%) 2 (17%) 0 (0%)

Blood group

AB 18 (4%) 16 (5%) 0 (0%) 1 (2%) 0 (0%) 0 (0%) 0 (0%) 1 (8%) 0 (0%)
Cancer 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
HCV 60 (13%) 50 (16%) 1 (13%) 9 (20%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
ALD 173 (38%) 151 (48%) 2 (25%) 18 (40%) 1 (4%) 0 (0%) 0 (0%) 0 (0%) 1 (6%)
HBV 8 (2%) 7 (2%) 0 (0%) 1 (2%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
PSC 32 (7%) 16 (5%) 0 (0%) 2 (4%) 5 (18%) 0 (0%) 0 (0%) 8 (67%) 1 (6%)
PBC 31 (7%) 10 (3%) 1 (13%) 3 (7%) 17 (61%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
AID 37 (8%) 31 (10%) 2 (25%) 4 (9%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Metabolic liver
disease

45 (10%) 28 (9%) 0 (0%) 5 (11%) 1 (4%) 10 (91%) 0 (0%) 0 (0%) 1 (6%)

Other liver disease 50 (11%) 9 (3%) 2 (25%) 3 (7%) 1 (4%) 1 (9%) 19 (100%) 2 (17%) 13 (72%)

Aetiology

1 previous tx 17 (4%) 10 (3%) 0 (0%) 0 (0%) 3 (11%) 0 (0%) 0 (0%) 2 (17%) 2 (11%)
Yes 62 (14%) 51 (16%) 1 (13%) 9 (20%) 0 (0%) 0 (0%) 0 (0%) 1 (8%) 0 (0%)HCV
No 391 (86%) 261 (84%) 7 (88%) 36 (80%) 28 (100%) 11 (100%) 19 (100%) 11 (92%) 18 (100%)

Creatinine Median (IQR) 80 (67, 101) 83 (69, 104) 69.5 (62, 82) 78 (70, 87) 68.5 (57.5, 86) 75 (70, 87) 76 (65, 104) 78.5 (64, 88.5) 83.5 (71, 108)
Bilirubin Median (IQR) 40 (19, 73) 48 (28, 94) 32 (21, 64) 22 (15, 42) 37.5 (14.5, 93.5) 11 (7, 15) 8 (7, 12) 39.5 (25, 114) 8 (5, 19)
NR Median (IQR) 1.3 (1.1, 1.6) 1.4 (1.3, 1.7) 1.3 (1.2, 1.5) 1.3 (1.1, 1.5) 1.0 (0.9, 1.2) 1.0 (0.9, 1.0) 1.0 (1.0, 1.1) 1.1 (1.0, 1.3) 1.1 (1.0, 1.2)

Sodium Median (IQR) 137 (133,
140)

135 (132, 138) 142 (139, 144.5) 141 (137, 142) 140 (137.5, 142) 142 (138, 144) 140 (139, 140) 137.5 (136, 141.5) 140 (139, 142)

Potassium Median (IQR) 4.2 (3.9, 4.5) 4.3 (3.9, 4.6) 4.0 (3.7, 4.2) 4.1 (3.8, 4.5) 4.25 (4.0, 4.3) 4.3 (4.0, 4.4) 4.1 (3.8, 4.4) 4.2 (4.05, 4.2) 4.4 (3.9, 4.5)
Albumin Median (IQR) 32 (28, 37.5) 31 (28, 34) 31 (29.5, 36) 34 (29, 38) 39 (30, 42) 42 (41, 47) 43 (38, 45) 34.5 (29, 40.5) 42 (35, 45)
UKELD score Median (IQR) 54 (49, 58) 56 (52, 60) 50 (47, 56) 48 (47, 52) 49 (46.5, 54.5) 46 (44, 47) 46 (45, 47) 50.5 (48, 56) 45 (44,49)
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Table A2.3 Registration characteristics of variant syndrome registrations, 1 January 2009 to 31 December 2012
Yes 16 (4%) 12 (4%) 2 (25%) 0 (0%) 0 (0%) 1 (9%) 0 (0%) 0 (0%) 1 (6%)Renal support
No 437 (96%) 300 (96%) 6 (75%) 45 (100%) 28 (100%) 10 (91%) 19 (100%) 12 (100%) 17 (94%)
Yes 86 (19%) 75 (24%) 0 (0%) 3 (7%) 0 (0%) 0 (0%) 1 (5%) 4 (33%) 3 (17%)Hospital

tatus No 367 (81%) 237 (76%) 8 (100%) 42 (93%) 28 (100%) 11 (100%) 18 (96%) 8 (67%) 15 (83%)
2009 132 (29%) 82 (26%) 4 (50%) 16 (36%) 7 (25%) 3 (27%) 7 (37%) 5 (42%) 8 (44%)
2010 94 (21%) 65 (21%) 1 (13%) 6 (13%) 9 (32%) 3 (27%) 2 (11%) 3 (25%) 5 (28%)
2011 109 (24%) 74 (24%) 1 (13%) 19 (42%) 5 (18%) 3 (27%) 2 (11%) 2 (17%) 3 (17%)

Registration
year

2012 118 (26%) 91 (29%) 2 (25%) 4 (9%) 7 (25%) 2 (18%) 8 (42%) 2 (17%) 2 (11%)
Yes 90 (20%) 56 (18%) 2 (25%) 9 (20%) 9 (32%) 0 (0%) 4 (21%) 5 (42%) 5 (28%)Prev abdominal

urgery No 363 (80%) 256 (82%) 6 (75%) 36 (80%) 19 (68%) 11 (100%) 15 (79%) 7 (58%) 13 (72%)
Yes 167 (37%) 123 (39%) 2 (25%) 39 (87%) 1 (4%) 1 (9%) 0 (0%) 0 (0%) 1 (6%)Encephalopathy

No 286 (63%) 189 (61%) 6 (75%) 6 (13%) 27 (96%) 10 (91%) 19 (100%) 12 (100%) 17 (94%)
Yes 311 (69%) 282 (90%) 1 (13%) 18 (40%) 3 (11%) 0 (0%) 2 (11%) 3 (25%) 2 (11%)Ascites
No 142 (31%) 30 (10%) 7 (88%) 27 (60%) 25 (89%) 11 (100%) 17 (89%) 9 (75%) 16 (89%)

Diabetes Yes 89 (20%) 75 (24%) 0 (0%) 13 (29%) 0 (0%) 0 (0%) 1 (5%) 0 (0%) 0 (0%)
No 364 (80%) 237 (76%) 8 (100%) 32 (71%) 28 (100%) 11 (100%) 18 (95%) 12 (100%) 18 (100%)


