1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Pediatr Transplant. Author manuscript; available in PMC 2020 November 01.

-, HHS Public Access
«

Published in final edited form as:
Pediatr Transplant. 2019 November ; 23(7): e13542. d0i:10.1111/petr.13542.

Predicting Chance of Liver Transplantation for Pediatric Waitlist
Candidates

Xun Luol”, Douglas B. Mogul?”, Allan B. Massiel3, Tanveen Ishaquel, John F.P. Bridges?,
Dorry L. Segevl3
1Department of Surgery, Johns Hopkins University School of Medicine, Baltimore, MD

2Department of Pediatrics, Johns Hopkins University School of Medicine, Baltimore, MD
SDepartment of Epidemiology, Johns Hopkins School of Public Health, Baltimore, MD

4Department of Surgery, Ohio State University, Columbus, OH

Abstract

Information about waitlist time has been reported as one of the single most frequently asked
questions by individuals awaiting a transplant but data regarding waitlist time have not been
processed in a useful way for pediatric candidates. To predict chance of receiving a deceased
donor liver transplant (DDLT), we identified 6,471 pediatric (<18 years), non-status-1a, liver-only
transplant candidates between 2006-2017 from the Scientific Registry for Transplant Recipients.
Cox regression with shared frailty for DSA (Donor Service Area) level effect was used to model
the association of blood type, weight, allocation PELD (Pediatric End-stage Liver Disease) and
MELD (Model for End-stage Liver Disease), and DSA with chance of DDLT. Jackknife technique
was used for validation. Median (IQR) waitlist time was 100 (34-309) days. Non-O Blood type,
higher PELD/MELD score at listing, and DSA were associated with increased chance of DDLT,
while age 1-5 years and 10-18 years was associated with lower chance of DDLT (p < 0.001 for all
variables). Our model accurately predicted chance of transplant (C-statistic = 0.68) and was able to
predict DDLT at specific follow-up times (e.g., 3 months). This model can serve as the basis for an
online tool that would provide useful information for pediatric waitlist candidates.
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INTRODUCTION

Since 2002, the Organ Procurement and Transplantation Network has allocated livers based
on a limited set of standardized criteria that are primarily centered around pre-transplant
mortality risk as determined by the Pediatric End-stage Liver Disease (PELD) score for
individuals under 12 years of age, or the Model for End-stage Liver Disease (MELD) score
for individuals over 12 years.! Blood type and organ size are additional objective criteria that
are incorporated into the decision to allocate and accept an offer. Finally, the availability and
the distribution of organs varies significantly across the country, with the chance of being
transplanted varying as much as 4-fold depending on location.2=4

One critical consideration for patients awaiting transplantation is waitlist time. A recent
analysis of patient and support networks maintained by the United Network for Organ
Sharing (UNQS) and the Scientific Registry of Transplant Recipients (SRTR) determined
that information about waitlist time was the most common type of data requested by
transplant candidates, family and friends.> However, despite the largely systematic approach
to the allocation of livers, little information is available to candidates regarding
individualized waitlist time estimates. A waitlist calculator for adult candidates was recently
developed and shared on the UNOS website in order to provide individuals with historical
information about waitlist time based on their allocation score, age, transplant center and
blood type.8:7 With this tool, patients can input their characteristics (e.g., location, MELD
score, blood type) and compare outcomes (i.e., probability of being transplanted) from
similar historical patients; because this approach incorporated historical data rather than
estimated probabilities from a model, information was only displayed when sufficient data
from a set of characteristics was observed. Perhaps for this reason, no data are available for
pediatric candidates.

Given the potential benefit of a calculator to provide information about waitlist time for
pediatric candidates with chronic liver disease, we developed a model based on allocation
score at listing, weight, blood type, and region. The purpose of this model was to develop an
easy-to-use calculator that, like the adult calculator, is based on patient characteristics. We
anticipated that these characteristics could yield a model that would accurately predict the
chance of transplantation for pediatric candidates and would therefore provide these patients
with the information they seek.

METHODS

2.1 Data Source

This study used data from the SRTR. The SRTR data system includes data on all donor,
waitlisted candidates, and transplant recipients in the U.S. submitted by the members of the
Organ Procurement and Transplantation Network (OPTN), and has been described
elsewhere.8 The Health Resources and Services Administration (HRSA) of the U.S.
Department of Health and Human Services provides oversight to the activities of the OPTN
and SRTR contractors.
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2.2 Study population

We identified 6,471 active pediatric (<18 years), non-status-1a, liver-only transplant
candidates on the waitlist between January 1, 2006 and August 31, 2017 in the U.S.
Candidates were excluded if they were registered for multi-organ transplants, or listed at
multiple centers. We followed waitlisted candidates from initial listing to a deceased-donor
liver transplant (DDLT), censoring at living donation, death, or removal due to other reasons.

2.3 Predictors associated with DDLT

Cox regression was used to model time-to-DDLT among waitlist candidates. The model
adjusted for ABO blood type, as well as age (categorized as <1 year, 1-5 years, 6-10 years,
11-18 years) and initial allocation PELD/MELD (categorized as <15, 15-29, 30-34, =35, or
status 1B with any PELD/MELD, irrespective of whether it was status 1B for standard
criteria, or exception for malignancy or specific metabolic disorders). Age and PELD/MELD
categories were chosen to be consistent with categories defined by the Scientific Registry of
Transplant Recipients.® PELD was used for candidates <12 years, and MELD was used for
candidates =12 years. Allocation PELD/MELD is defined as whichever of the following is
greater: the laboratory/calculated score or the score from exception points. We further
investigated association of DDLT and primary diagnosis, categorized as: biliary atresia, non-
status 1A acute hepatic necrosis (i.e., individuals listed with “acute hepatic necrosis” as the
recipient diagnosis, but were not transplanted as status 1A because they failed to meet
criteria such as intensive care unit admission; rather these recipients were transplanted using
PELD/MELD scores), autoimmune hepatitis, primary sclerosing cholangitis (PSC),
metabolic disease, malignancy, and other. However, primary diagnosis did not change
overall DDLT prediction and thus was not used in the final model of DDLT prediction.

To evaluate the role of geographic variability, models were developed that incorporated the
region or the Donor Service Area (DSA). Shared-frailty was incorporated into the Cox
regression to account for within-group correlation of candidates from the same geographic
region where frailty represents the random effect of DSA on DDLT.10 In other words, Cox
regression with shared frailty accounts for the fact that candidates from the same DSA share
a similar chance of being transplanted compared to candidates not in that DSA. Given that a
model with DSA and with region had identical C-statistics (i.e., C-statistic = 0.68 for both
DSA and region), we chose to report geographical variation in DDLT as the DSA-specific
hazard ratio (HR) of DDLT (vs national average DDLT). A likelihood ratio (LR) test was
used to examine whether the geographical variation was statistically significant.

2.4 DDLT prediction

We estimated baseline cumulative hazard function for a reference candidate: blood type O,
weight <10 kg, and PELD/MELD <10. We then applied the hazard ratios of predictors and
DSAs from the shared-frailty Cox regression above. Consequently, we were able to calculate
the cumulative hazard function of DDLT for any candidate according to his/her blood type,
weight, allocation PELD/MELD at listing, and DSA. The predicted chance of DDLT is
transformation of cumulative hazard function:
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Chance of DDLT () =1— e(—cumulative hazard(t))

We examined the ability of the shared-frailty Cox regression model to correctly distinguish
candidates with high chance of DDLT vs low chance of DDLT (discrimination) using
Harrell’s C-statistic. We also categorized waitlist candidates into quintiles of the predicted
chance of DDLT and compared the predicted to the observed DDLT chance within each
quintile to examine the accuracy of DDLT prediction (calibration). This model then allowed
us to estimate the chance of DDLT for an individual with any specific set of characteristics
at 3 months, 6 months, and 12 months.

Validation of model

To examine the validity of DDLT prediction, we performed a jackknife validation technique
where the chance of DDLT for each waitlist candidate was calculated based on a shared-
frailty Cox regression built on the other candidates. Using the chance of DDLT regenerated,
we estimated Harrell’s C-statistic, and compared the predicted-to-observed chance of DDLT.

Statistical analysis

Confidence intervals were reported using the method of Louis and Zeger.1! Statistical
significance was assessed at the a = 0.05 confidence level. All analyses were performed
using Stata 15.0/MP for Linux (College Station, TX).

RESULTS

Study population

Among 6,471 pediatric, non-status-1a liver-only transplant waitlist candidates, 52.0% were
female (Table 1). The candidates included 74.4% Caucasian, 15.9% African-American, and
6.5% Asian candidates. Biliary atresia was the most common indication for a liver transplant
(39.8%), whereas acute hepatic necrosis (3.6%), autoimmune hepatitis (3.0%), primary
sclerosing cholangitis (2.5%), metabolic disease (14.0), and malignancy (9.6%) were much
less common. Median (IQR) PELD/MELD score at listing was 13 (5-22) and weight was
12.2 (7.1-31.5) kg. Median (IQR) time on the waitlist was 100 (34-309) days. At 3 months
after listing, 43% of candidates received a DDLT, 59% received a DDLT at 6 months, and
72% received a DDLT at 12 months.

Predictors associated with DDLT

Blood type, weight, and PELD/MELD were associated with DDLT (Table 2). Compared to
candidates with blood type O, those with blood type A (aHR: 1 171.251 34), B (@aHR:
1.091.191 30), and AB (aHR: 1711.985 2g) were more likely to receive DDLT. Compared to
individuals <1 year, candidates were less likely to receive a liver transplant if they were
between 1-5 years (aHR: 7g0.85¢ g2) or between 10-18 years (aHR: 560.62¢ gg)-
Candidates with higher allocation PELD/MELD had greater chance of receiving DDLT, with
the highest chance seen in candidates with PELD/MELD =35 (aHR: 3 93.664 4g) and those
with status 1b designation (aHR: 5 g93.143 7). Compared to biliary atresia, acute hepatic
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necrosis (aHR: g 390.49q 62) and autoimmune hepatitis (aHR: o 560.69¢.g5) Were associated
with lower chance of DDLT, while malignancy (HR: 1 g51.885 14) Was associated with higher
chance of DDLT.

In addition to adjustment for these individual characteristics, significant geographical
variation of DDLT was observed across DSA (LR test: p < 0.001). Compared to the national
average, DDLT varied from 0.35% to nearly 2-fold higher than the national average
depending on the DSA (Figure 1). The range of DDLT was similar across age groups
(Supplemental Figure 1). Additionally, DDLT was independent of transplant volume in each
DSA such that DSAs with high hazard of DDLT had similar volume as those with low
hazard of DDLT (Supplemental Figure 2).

3.3 DDLT prediction

The shared-frailty Cox model predicted chance of DDLT for waitlist candidates based on
their blood type, age, PELD/MELD, and listing DSA (C-statistic = 0.68). The predicted
chance of DDLT was consistent with the observed chance of DDLT within quintiles of the
predicted chance of DDLT (Figure 2). Based on this model, we were able to accurately
predict the chance for DDLT. For example, a 2-year old pediatric candidate with blood type
O, PELD/MELD score of 35 and listed in Maryland would have a chance of DDLT of 24.4%
at 3 months, 37% at 6 months, and 51% at 12 months. Using a jackknife validation, the C
statistic was 0.68 indicating that our model provided a valid prediction of the chance of
DDLT. The model performed equally well for patients with biliary atresia (C-statistic = 0.68)
and tumor (C-statistic = 0.66).

4. DISCUSSION

We demonstrate that a model can be created for pediatric waitlist candidates that accurately
predicts the chance of DDLT at specific timepoints based on an individual’s blood type,
weight, and allocation score. DSA was also strongly predictive of DDLT and incorporated
into the model. Our analysis censored for competing risks including waitlist mortality and
living-donor liver transplantation. Consequently, if the calculator predicts a median time, for
example, of 12 months, then the interpretation is that a patient has a 50% chance of being
transplanted by that time, provided that they remain on the waitlist. This model, which
provides an estimate could then serve to provide estimates about the chance of
transplantation in an online tool for patients, families, and/or healthcare providers.
Individuals could repeatedly impute their values (i.e., as PELD/MELD or age changes) to
get different estimates of the chance of moving through the waitlist to get a DDLT.

Our model contains variables similar to the SRTR calculator for adult candidates including
allocation score, blood type and location.®” Our finding that non-O blood types were
associated with greater DDLT is consistent with several other reports in adult and pediatric
candidates.12-14 However, whereas the adult calculator did not incorporate patient size
despite some evidence that it may influence transplantation rate, we chose to include patient
age into our model given its increased importance in surgical decision-making for pediatric
candidates as well as statistical evidence that this variable predicts likelihood of
transplantation.13-15 Finally, while geographic variability in DDLT is well-understood to
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occur for adult candidates, information on regional variability for DDLT for pediatric
candidates is scarce and if present, may be due to regional variability in obtaining exception
points.26-18 In our model, we incorporate the use of allocation scores (i.e., the score with
exception points if greater than the calculated laboratory score) which therefore bypasses
any center-level variability with exception points. Even with the incorporation of exception
points into our model, we continue to see substantial regional differences in chance of
DDLT, that are more likely related to other geographic or center-level characteristics such as
the (in)balance of donor availability and need in different areas, or the aggressiveness with
which some centers may pursue segmental grafts or marginal grafts.

Similar to the adult calculator, we chose not to incorporate center-level characteristics that
would potentially improve prediction such as the use of splitting, extended criteria donors,
and other practices that might increase the chance of DDLT. Our model also incorporates
DSAs rather than centers, as use of centers would lead to even smaller subgroups with more
unstable estimates. Instead, we chose to emphasize patient ease of use by incorporating only
variables that a patient could easily know or obtain. This approach, common in prediction
modeling compared to etiologic modeling, emphasizes parsimony.19:20

Our calculator could serve to mitigate stress and anxiety that has been documented in the
pre-transplant period in several ways. First, a lack of information about waitlist time has
been shown to be directly related to perceptions of hopelessness, loss of control and
potentially depression.21:22 Second, parents have acknowledged anger towards their
transplant center as the waitlist time grows longer and their child has not yet received an
offer.2122 Third, uncertainty surrounding waitlist time can make it difficult to plan other
aspects of one’s life such as travel.21:22 And finally, greater understanding about waitlist
time may impact medical decision-making such as the role and benefit for living donation.23
Given these uncertainties, some limited evidence exists that stress in the pre-transplant
period can be reduced through increased education and preparation about what to expect in
this phase of care, although the ability to reduce stress has not been consistently
demonstrated.24:25 Following future development of an online calculator that would be
publicly available, it will be necessary to better understand whether use of this calculator
actually improves stress and quality of life while waiting for a liver transplant even as it
provides information that patients indicate they want.

Another important concern that must be explored is whether individuals would interpret
correctly the information that is provided by a calculator. While shared decision-making —
the process of integrating a patient’s goals/concerns with medical information of knowledge
about options, benefits and harms — is a stated aim of the Institute of Medicine, there is
substantial evidence that individuals frequently misunderstand medical information
surrounding decision-making, risk and probability.26:27 At the same time, there is emerging
literature regarding what strategies work best for communicating health information such as
text, graphs, or infographics.28:22 Therefore, once the calculator becomes publicly available,
we will evaluate which method of communication is most readily understood by users.

One final concern is that any changes in the allocation system would potentially influence
time to transplantation. In December, 2018, UNOS approved a new allocation system based

Pediatr Transplant. Author manuscript; available in PMC 2020 November 01.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Luo et al.

Page 7

on circles around donor hospitals. This system is expected to improve allocation of deceased
organs for pediatric candidates and, as such, it is possible that our calculator will
overestimate how long it will take for a candidate to receive an organ. It will be necessary to
continue to evaluate and optimize the prediction model as new data becomes available.

In conclusion, our model accurately predicts chance of transplant for pediatric candidates on
the waitlist. This model can serve as the basis for an online tool that would provide
frequently requested information to candidates and caregivers during the pre-transplant
period.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figurel.

DSA- (Donor Service Area) specific hazard ratio of DDLT (deceased donor liver transplant)
vs national average DDLT rate.
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Figure 2.

The predicted vs observed probability of deceased donor liver transplant, stratified by
quintiles of the predicted probability.
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Table 1.

Demographic and clinical characteristics of 6,471 pediatric waitlist candidates

Age (months) at baseline, median (IQR) 27 (8-127)
Weight (kg) at baseline, median (IQR) 12.2 (7.1-31.5)

Female (%) 3375 (52.2)
Race (%)
Caucasian 4812 (74.4)
African-American 1031 (15.9)
Asian 422 (6.5)
Other 206 (3.2)
Blood type (%)
o) 3204 (49.5)
A 2132 (32.9)
B 894 (13.8)
AB 241 (3.7)
Primary diagnosis (%)
Biliary atresia 2575 (39.8)
Acute hepatic necrosis 234 (3.6)
Autoimmune hepatitis 192 (3.0)
Primary sclerosing cholangitis 163 (2.5)
Metabolic disease 905 (14.0)
Malignancy 619 (9.6)
Other 1783 (27.6)
PELD/MELD at baseline, median (IQR)* 13 (5-22)
Status 1B at baseline 353 (5.5)
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Table 2.

Individual-level predictors associated with deceased donor liver transplant (DDLT).

Adjusted HR of DDLT p

Blood type
(] Reference
A 117125134 <0.001
B 1001.191 50 <0.001
AB 1711.98; 29 <0.001
Age
<1 year Reference
1-5 years 0.780-850 62 <0.001
6-10 years 0.840.931 03 0.1
10-18 years 0.560-620.68 <0.001
PELD/MELD
<15 Reference
15-29 1561.681.44 <0.001
30-34 20823123 <0.001
235 3.003-664.45 <0.001
Status 1B 269314367 <0.001

Primary diagnosis

Biliary atresia Reference

Acute hepatic necrosis 0.390-490 62 <0.001
Autoimmune hepatitis 0.560-690.85 0.001
PSC 0.700-871.07 0.2
Metabolic disease 0.971.081 20 01
Malignancy 1651.885.14 <0.001
Other 0.830.910.98 0.02
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