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Abstract

Background—The probability of liver transplant and death on the waiting list in the United
States varies greatly by donation service area (DSA) due to geographic differences in availability
of organs and allocation of priority points, making it difficult for providers to predict likely
outcomes after listing. We aimed to develop an online calculator to report outcomes by region and
patient characteristics.

Methods—Using the Scientific Registry of Transplant Recipients database, we included all
prevalent US adults aged 18 years or older waitlisted for liver transplant, examined on 24 days at
least 30 days apart over a 2-year period. Outcomes were determined at intervals of 30 to 365 days.
Outcomes are reported by transplant program, DSA, region, and the nation for comparison, and
can be shown by allocation or by laboratory model for end-stage liver disease (MELD) score (6—
14, 15-24, 25-29, 30-34, 35-40), age, and blood type.

Results—Outcomes varied greatly by DSA; for candidates with allocation MELD 25-29, the
25th and 75th percentiles of liver transplant probability were 30% and 67%, respectively, at 90
days. Corresponding percentiles for death or becoming too sick to undergo transplant were 5% and
9%. Outcomes also varied greatly for candidates with and without MELD exception points.

Conclusions—The waitlist outcome calculator highlights ongoing disparities in access to liver
transplant, and may assist providers in understanding and counseling their patients about likely
outcomes on the waiting list.

Introduction

Liver transplant is a life-saving treatment for many patients with irreversible liver disease;
however, 1767 candidates in the United States died while on the waiting list in 2013 and an
additional 1223 candidates were removed from the list because they were too sick to
undergo transplant.l Mortality on the liver transplant waiting list is strongly correlated with
disease severity, calculated using the model for end-stage liver disease (MELD) score.2
Since 2002, US candidates have been prioritized on the liver transplant waiting list by the
Organ Procurement and Transplantation Network (OPTN) according to their MELD scores.
OPTN operates under a federal contract and includes all US transplant programs and organ
procurement organizations as members. Allocation by MELD score is an attempt to
equitably allocate deceased donor livers according to standardized medical criteria,® but
these scarce resources continue to be allocated in a system that attempts to give them to the
sickest local candidates before offering them to a broader geographic area (http://
www.unos.org/docs/Liver_patient.pdf).

Implementation of the MELD allocation system in the United States resulted in an overall
increase in the mean MELD score at the time of transplant and decreases in waitlist
mortality rates and in numbers of patients removed from the list due to being too sick to
undergo transplant. Furthermore, these benefits occurred without a corresponding decrease
in posttransplant survival.5-2 However, regional variation in waitlist outcomes persists,
including in average MELD score at transplant and risk of delisting due to death or
becoming too sick.8:10-14 Use of MELD score exceptions also varies by region.1> MELD
exceptions are given by OPTN to candidates whose MELD scores do not adequately reflect
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the medical need for transplant, most commonly for hepatocellular carcinoma (HCC) (http://
www.unos.org/docs/Liver_patient.pdf), resulting in an allocation MELD score higher than
the laboratory MELD score. Outcomes for candidates with a given allocation MELD score
differ greatly for those with and without exception points.1® These variations in availability
of organs and in use of MELD exception scores make it difficult for individual patients and
their providers to understand the likely outcomes specific to their geographic areas while on
the liver transplant waiting list, or how these outcomes compare with the nation and other
regions.

Several possible mutually exclusive outcomes can occur for patients on the liver transplant
waiting list: 1) deceased donor liver transplant, 2) living donor liver transplant, 3) death or
removal from the waiting list due to deteriorating medical condition, 4) removal from the list
due to improved condition such that transplant is no longer needed, 5) removal from the list
for other reasons, or 6) remaining on the waiting list. We created an online calculator (http://
tools.srtr.org/LiverWaitCalc_V4/) to help liver transplant providers understand possible
outcomes at different time points in the coming year based on the candidate’s blood type,
age, current allocation or laboratory MELD score, and geographic location.

Materials and Methods

This study used data from the Scientific Registry of Transplant Recipients (SRTR). The
SRTR data system includes data on all donors, waitlisted candidates, and transplant
recipients in the US, submitted by the members of OPTN, and has been described
elsewhere.16 The Health Resources and Services Administration, US Department of Health
and Human Services, provides oversight of the activities of the OPTN and SRTR
contractors.

Study Population

We included all adults (aged 18 years or older) active on the liver transplant waiting list on
any of 24 specific days between September 2012 and July 2014. Status 1A candidates were
excluded as they do not use the MELD allocation system, as described below. Patients listed
for multi-organ transplant were also excluded.

Analytical Approach

The online calculator was built to show possible outcomes from any day on the waiting list,
not only from the candidate’s first day. A candidate’s priority on the list was determined by
the MELD score, calculated from serum creatinine, bilirubin, and international normalized
ratio values, and by whether the candidate received dialysis within the past week. These
factors resulted in a measured, or laboratory, MELD score. In addition, some candidates
were awarded MELD exception priority points due to other underlying conditions that
warrant additional priority (eg HCC, primary hyperoxaluria, hepatopulmonary syndrome),
resulting in an allocation MELD score that may differ from the laboratory MELD score.
MELD scores were grouped into categories: 6-14, 15-24, 25-29, 30-34, and 35-40.
Because there is no requirement for programs to update the laboratory MELD once
exceptions are granted, the reliability of these candidates’ laboratory MELD scores is
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suspect. Therefore, the calculator allows selection of results for only candidates with
exceptions, only candidates without exceptions, or all candidates within the allocation
MELD range.

The calculator uses actual historical data from 2013-2015 to derive the outcomes. Because
actual results are reported rather than statistical modeling, confidence intervals or statistical
significance testing is not indicated. All candidates on the national liver transplant waiting
list were examined on 24 separate days within a 2-year period, each about 30 days apart.
Candidates were followed for 30, 60, 90, 180, or 365 days to observe outcomes. As the 24
observation days were all more than 30 days apart, all candidates on the list on any of the 24
observation days were used to derive the 30-day estimates. Overlapping dates were
subsequently removed for longer follow-up times. For example, only candidates on the list
on March 18, 2013, September 20, 2013, March 25, 2014, and September 27, 2014, were
included in the 180-day estimates (each of these 4 days is at least 180 days from the others),
and only candidates on the list on March 18, 2013, and March 25, 2014, were included in the
365-day estimates (each of these 2 days is at least 365 days from the other) (Table 1).
Candidates listed at multiple programs were included separately, as if they were different
candidates; however, a transplant event was counted only toward the area in which it took
place, eg program, DSA, or region. Thus, for a candidate listed at a program in New York
and at a program in Washington, DC, who underwent transplant in Washington, DC, the
calculator counted the transplant toward the Washington, DC, program, DSA, and region.
The outcomes were determined based on a candidate’s MELD score at the time the list was
sampled; if a candidate’s MELD score changed at any time after the sampled date, only the
MELD score on the sampled date was used. Outcomes are presented as counts and
percentages of all candidates meeting the selection criteria (blood type [optional], age group
[optional], and MELD score range).

The calculator reports estimated outcomes at the following geographic levels:

1 Transplant program: Outcomes for candidates listed at the selected program.

2. DSA: A geographic region served by 1 of the 58 organ procurement
organizations. Some DSAs have more than 1 transplant program.

3. OPTN region: There are 11 in the United States.
4, National: All transplant programs in the OPTN system.

The calculator provides data for the 4 geographic levels so users can compare outcomes at
the program and in the DSA, the broader OPTN region, and the nation as a whole. For some
subsets, the numbers of candidates may be too small to allow for good estimates of
outcomes. Data will be suppressed for any geographic area that includes fewer than 5
candidates. In these cases, data may be sufficient to allow estimates to be derived at the next
larger geographic level, such as the DSA, the OPTN region, or the nation. The calculator
will be updated quarterly to ensure that the most recent data are used to provide estimates.
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Waiting list outcomes varied greatly by DSA (Figure 1). For the 90-day outcome of
undergoing deceased donor transplant for candidates with an allocation MELD score of 25—
29, the 25th and 75th percentiles of the probability within the DSA were 30% and 67%,
respectively, with a total range from 6.6% to 100% across DSAs. Similarly, the 25th and
75th percentiles of the probability of death or removal from the list due to deteriorating
medical condition for candidates with an allocation MELD score of 25-29 were 5% and 9%,
with an overall range of 0% to 23.5% across DSAs. (Note: only DSAs with 5 or more
candidates in the MELD category were included in these summaries.) The number of
candidates with high allocation MELD scores differed greatly from the number with high
laboratory MELD scores: nationally, 6587 sampled candidates had an allocation MELD
score of 30-34, while only 1775 candidates had a laboratory MELD score in that range.

To view outcomes in the calculator, users select a state, a transplant program, and the desired
length of follow-up, and they may specify age and blood type. In addition, users select
whether to view outcomes for candidates with exceptions or without exceptions, or for all
candidates in the allocation MELD score category (Figure 2). Once patient characteristics
and length of follow-up have been selected, the calculator’s output can be displayed in
graphical or tabular format (counts and percentages for each outcome). Users can change the
transplant program selection while leaving other characteristics unchanged to examine
regional differences in the probability of different outcomes. Screen shots of the calculator
output comparing 2 regions without changing patient variables are shown in Figure 3; output
comparing outcomes for patients with a MELD score of 25-29 with versus without
exception points, and with blood type O versus blood type A, is shown in Figures 4 and 5,
respectively.

The calculator sample size varies depending on the variables and follow-up period selected,;
for example, for the outcomes for all liver transplant candidates with an allocation MELD
score of 25-29 in the US at 30 days, 27,060 candidates are represented in the calculator
output; for all candidates in the US with an allocation MELD of 35-40, 1872 candidates are
represented. Conversely, for outcomes at a single transplant center, selection of specific age
groups, MELD category, and blood type may result in suppressed output due to fewer than 5
such candidates meeting the criteria available during that time period. The number of
candidates for each outcome is indicated in the calculator output.

Discussion

We provide a simple online calculator for liver transplant candidates and their providers to
predict what may happen in the coming year on the liver transplant waiting list. This
calculator reflects all the possible but mutually exclusive (or competing) outcomes on the
list, especially as severity of illness as reflected by MELD score increases.1’ The calculator
will be updated quarterly to reflect the most recent outcomes, ensuring that it remains
relevant in a changing clinical landscape. For example, the Share-35 policy implemented in
June 2013 decreased waitlist mortality for candidates with MELD scores = 30 by 30%,18 an
outcome reflected in the most current version of the calculator.
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The profound survival benefit derived from liver transplant, combined with an ongoing
organ shortage, makes the communication of likely outcomes and options for liver transplant
candidates critical. Communicating risks and benefits to patients is fundamental to patient-
centered care and informed decision making. The development of a robust, up-to-date
calculator makes truly informed decision making more possible; indeed, the Institute of
Medicine has called for the development and dissemination of high-quality patient
communication tools to improve engagement in shared decision making.1®

In agreement with previous studies, the calculator highlights significant regional differences
in outcomes for patients with similar characteristics, such as disease severity; for example,
the 90-day outcome of undergoing deceased donor transplant with an allocation MELD
score of 25-29 ranged from 7% to 100% across all DSAs. Before 2002, waiting time and
many subjective measures of disease severity played a central role in liver allocation,
resulting in large regional differences in transplant rates and in candidates with more rapidly
progressive disease dying on the list while more stable patients underwent transplant.® As
evidence mounted that waiting time was not associated with waitlist mortality,2° the
Department of Health and Human Services adopted the Final Rule in 1998 to establish the
guideline that organs should be allocated in order of medical urgency.2! This prompted the
adoption of the MELD allocation system, a medical triage system meant to ensure equitable
allocation of organs and to minimize the “accident of geography” as a determinant of
transplant access.> However, organs continue to be generally allocated in a local, then
regional, then national pattern due to concerns about efficient management of organ
placement and ischemia time. After adoption of the MELD allocation system, investigators
reported early recognition of ongoing regional disparities, suggesting that while the MELD
system may accurately predict pretransplant mortality, it did not ensure equitable organ
distribution.8 In 2003, Schaffer et al reviewed data from 1 of the 11 OPTN regions and
found significantly different MELD scores at the time of transplant among DSAs.10 The
following year, Trotter et al reported differences in MELD scores at the time of transplant
between small and large organ procurement organizations; they found that fewer recipients
in smaller organ procurement organizations had severe disease as defined by a MELD score
greater than 24.11 Later studies reflecting more experience with the MELD allocation system
continued to report findings such as higher likelihood of removal from the list due to
deteriorating condition in some DSAs in 1 OPTN region,3 and larger follow-up studies
using national data confirmed regional differences in MELD scores and waiting times at the
time of transplant.14:22 The ability to provide region-specific information is therefore critical
for a useful liver transplant waitlist calculator. Use of the SRTR database and incorporation
of regional information ensures that this calculator is relevant to candidates throughout the
country. By providing data at various geographic levels, we also allow comparisons with
outcomes in other regions and in the nation, potentially informing decisions about where to
pursue listing if multiple listing is feasible.

By providing the ability to view outcomes for candidates with or without exceptions, this
calculator allows users to find the information that is most relevant to a given candidate.
Exception points, resulting in a higher allocation MELD score, are associated with both
decreased waitlist mortality and increased likelihood of transplant compared with no
exception points and a laboratory MELD score identical to the allocation MELD score.1®

Transplantation. Author manuscript; available in PMC 2017 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hart et al.

Page 7

Massie et al demonstrated that in addition to geographic variations in waitlist mortality and
outcomes, large geographic differences exist in the use and allocation of exception points.1®
Unfortunately, these differences make it potentially difficult for providers of individual
candidates to predict how the allocation MELD score might differ across programs. In
addition, the accuracy of these candidates’ laboratory MELD scores is uncertain, as
candidates with exception points are not required to recertify their laboratory MELD scores.
Given the differences in outcomes between candidates with and without exception points, as
well as the geographic variability in the use of exceptions, it is important that any prediction
calculator account for these variations.

While this calculator provides valuable information to candidates and providers, it has
important limitations. As with any risk predictor, our online calculator can provide
information based only on what happened recently to similar candidates; in a clinically
useful calculator, the number of variables included is limited. However, because this
calculator uses actual patient data from the prior 2 years, adding too many specific variables
would increase the chances of data suppression due to an insufficient number of patients
similar to the candidate in question. Similarly, data from smaller regions (including
programs) are more likely to be insufficient to report in the calculator; increasing the time
from which the calculator draws data would decrease this likelihood, but at the expense of
relevance to the current era. Alternatively, statistical models could be developed to estimate
likely outcomes at a more granular level of candidate characteristics, but the very small
sample sizes would produce such large confidence intervals that the accuracy and therefore
usefulness of such a prediction would be suspect. In addition, modeled estimates may be
difficult to apply at the program or DSA level since not all programs accept all types of
candidates and programs may have different listing practices. For these reasons, we believe
that a calculator using actual historical data is valuable in this context.

Another important limitation of any calculator to predict waitlist outcomes involves the use
of the MELD score as a predictor. This variable is complicated by differences in waitlist
outcomes between candidates with and without exception points; we have attempted to
improve the transparency of these differences by giving users the option of selecting and
comparing outcomes of those with or without exception points, but a discussion between
transplant providers and candidates about how the results apply to an individual remains
important. For candidates with exception points, the outcomes of other candidates with
exception points are likely more relevant, whereas for candidates without exception points
the allocation MELD score reflects a greater likelihood of dying on the list, and outcomes of
other candidates without exception points are more relevant. Similarly, this calculator is
intended only to provide information about outcomes before liver transplant; it provides no
information about posttransplant outcomes. SRTR publishes program-specific reports (http://
srtr.org/local_stats.aspx) that present posttransplant outcomes.

Finally, the optimal use of such a calculator and the method of communicating risk to liver
transplant candidates is unknown; we have attempted to convey the information clearly,
including graphical illustrations, but more research is needed regarding how to best convey
risk estimates to liver transplant candidates in particular and to patients in general.23 In
addition, the effect of providing this information to liver transplant candidates is unknown.
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While listing at multiple sites is uncommon, it does occur,24 and previous studies have
shown that candidates preferentially list at centers with shorter waiting times when this
option and information are available to them.2> We also do not know whether providing
information about likely outcomes will cause undue distress or improve informed decision
making, and further research is needed regarding how patients and providers use this
information.

In conclusion, liver transplant candidate outcomes vary substantially by geographic area and
use of exceptions, and our outcome calculator provides information that may be valuable in
educating and assisting candidates and their providers in making informed decisions.
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% Receiving a Deceased
Donor Transplant by DSA

Figurel.

A. Variation in the 90-Day Probability of

g a D Donor T
DSAs: 52 DSAs: 52 DSAs: 50 DSAs: 38 DSAs: 30
Median: 1% Median: 15.1% Median: 41.7% Median: 48.5% Median: 61.5%
High 100%  High 100% High 100%
100 - —_ — -
H H :
' ' '
' ' :
80 1 H
High 707% ' '
o ' I
1 |
'
60 — !
'
H '
40 — H H
' ' '
High 26 7% ! ! !
H 1 : —_— 1
, ; —_
20 ' : Low 237% fr A
: '
h o 65
L e— [
0 Low 0% Low 19%
[ T T T 1
6-14 15-24 25-29 30-34 3540

Allocation MELD Score

Note: Only DSAs with’ or more candidates are included in each box plot

% Died or Removed
for Too Sick by DSA
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B. Variation in the 90-Day Probability of
Dying or Being Removed for Too Sick

DSAs: 52 DSAs: 52 DSASs: 50 DSAs:38  DSAs: 30
Median: 1.7% Median: 4.7% Median:6.8% Median: 9.6% Median: 16.7%
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60 —
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0 Low. (e —— 0% %
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614 1524 2529 30-34

Allocation MELD Score

Variation in 90-day probabilities of undergoing deceased donor transplant (panel A) or dying
or being removed from the list due to becoming too sick to undergo transplant (panel B) by
DSA. DSA, donation service area; MELD, model for end-stage liver disease.
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Figure 2.

Choose the state of your liver
transplant program:

MN b

Select a liver transplant program:

Rochester Methodist Hospital (Mayo Clinic)

Choose your blood type (optional):

Any Blood Type

Choose your age range (optional):
Any age (18+)

Choose your MELD score

range:

25-29 24

Limit results to candidates with/without MELD exceptions?

(® Show ALL patients within this MELD range

(O Show only patients WITHOUT exception MELD scores
(O Show only patients WITH exception MELD scores

Show me patient outcomes at:

30 Days w

Note: The calculator considers only adult (18+) candidates who are
currently active and are not currently Status 1A. Adult patients who
are listed at a children's hospital are included. See complete methods

by clicking on the Methodlogy tab above.

Data entry options.
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A. 180-Day Outcomes in the
San Francisco, California, Area

Page 12

B. 180-Day Outcomes in the
Memphis, Tennessee, Area

Outcomes within the program’s local donation service
area (935 candidates on the waiting list with the chosen
characteristics on the days studied)

P

Status

Deceased Donor Transplant
Died or Too Sick to Transplant
Living Donor Transplant
Removed: Condition Improved
Removed: Other

Still Waiting

Figure 3.

@ still waiting

@ Deceased Donor Transplant
@ Died or Too Sick for Transplant
@ Removed: Other

@ Living Donor Transplant

@ Removed: Condition Improved

Listings Percent
69 7%

76 8%

21 2%

2 0%

36 4%

731 78%

Outcomes within the program’s local donation service
area (133 candidates on the waiting list with the chosen
characteristics on the days studied)

\

Status

Deceased Donor Transplant
Died or Too Sick to Transplant
Living Donor Transplant
Removed: Condition Improved
Removed: Other

Still Waiting

@ still waiting

@ Deceased Donor Transplant
@ Died or Too Sick for Transplant
@ Removed: Other

@ Removed: Condition Improved

Listings Percent
73 55%

4 3%

0 0%

1 1%

i/ 5%

48 36%

Outcomes for an adult transplant candidate in the San Francisco, California, donation

service area (panel A) and the Memphis, Tennessee, donation service area (panel B) at 180
days. Data provided by the online calculator based on input of allocation MELD score 15—
24, regardless of age or blood type.
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A

Outcomes within the program's local donation service area (439 candidates on the waiting list with the chosen
characteristics on the days studied):

@ still Waiting

@ Deceased Donor Transplant
@ Died or Too Sick for Transplant
@ Removed: Other

@ Living Donor Transplant

B

Outcomes within the program's local donation service area (36 candidates on the waiting list with the chosen
characteristics on the days studied):

@ still Waiting
@ Deceased Donor Transplant

@ @ Died or Too Sick for Transplant
38.9% @ Removed: Other

©

Figure 4.
Outcomes for an adult transplant candidate in the San Francisco, California, donation

service area with MELD 24-29 at 180 days with (panel A) and without (panel B) exception
points, of any age or blood type.
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A

Outcomes within the program's local donation service area (161 candidates on the waiting list with the chosen
characteristics on the days studied):

@ Sstill Waiting
' ® Deceased Donor Transplant
@ Died or Too Sick for Transplant
@ Removed: Other
@ Living Donor Transplant

B

Outcomes within the program's local donation service area (227 candidates on the waiting list with the chosen
characteristics on the days studied):

@ still Waiting
‘ @ Deceased Donor Transplant
\ @ Died or Too Sick for Transplant
@ Removed: Other
@ Living Donor Transplant

Figure5.
Outcomes for an adult transplant candidate in the San Francisco, California, donation

service area with MELD 24-29 at 180 days of any age with blood type A (panel A) and O
(panel B).
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