1duosnue Joyiny 1duosnuep Joyiny 1duosnuen Joyiny

1duasnuen Joyiny

WEALTY 4
of %,

A
u
Yeyvaaa

/ HHS Public Access

Author manuscript
J Hepatol. Author manuscript; available in PMC 2017 April 01.

Published in final edited form as:
J Hepatol. 2016 April ; 64(4): 843-851. doi:10.1016/j.jhep.2015.11.015.

Liver transplant center variability in accepting organ offers and
its impact on patient survival

David S. Goldberg, MD, MSCE12:3, Benjamin French, PhD2:3, James D. Lewis, MD,
MSCEL 23, Frank | Scott, MD, MSCE'2, Ronac Mamtani, MD, MSCE?, Richard Gilroy, MD?,
Scott D. Halpern, MD, PhD2:3:6, and Peter L Abt, MD’

1Division of Gastroenterology, Department of Medicine, University of Pennsylvania

2Center for Clinical Epidemiology and Biostatistics, Perelman School of Medicine at the University
of Pennsylvania

SLeonard Davis Institute of Health Economics, University of Pennsylvania
“Division of Hematology and Oncology, Department of Medicine, University of Pennsylvania

SDivision of Gastroenterology, Department of Medicine, University of Kansas Medical Center,
Kansas City, KS, USA

5Division of Pulmonary, Allergy, and Critical Care, Department of Medicine, University of
Pennsylvania, Philadelphia, PA, USA

"Division of Transplantation, Department of Surgery, Hospital of the University of Pennsylvania,
Philadelphia, PA, USA
Abstract

Background & Aims—Despite an allocation system designed to give deceased-donor livers to
the sickest patients, many transplantable livers are declined by U.S. transplant centers. It is
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unknown whether centers vary in their propensities to decline organs for the highest-priority
patients, and how these decisions directly impact patient outcomes.

Methods—We analyzed Organ Procurement and Transplantation Network (OPTN) data from
5/1/07-6/17/13, and included all adult liver-alone waitlist candidates offered an organ that was
ultimately transplanted. We evaluated acceptance rates of liver offers for the highest-ranked
patients and their subsequent waitlist mortality.

Results—Of the 23,740 unique organ offers, 8,882 (37.4%) were accepted for the first-ranked
patient. Despite adjusting for organ quality and recipient severity of illness, transplant centers
within and across geographic regions varied strikingly (p<0.001) in the percentage of organ offers
they accepted for the highest-priority patients. Among all patients ranked first on waitlists, the
adjusted center-specific organ acceptance rates ranged from 15.7% to 58.1%. In multivariable
models, there was a 27% increased odds of waitlist mortality for every 5% absolute decrease in a
center’s adjusted organ offer acceptance rate (adjusted OR: 1.27, 95% ClI: 1.20-1.32). However,
the absolute difference in median 5-year adjusted graft survival was 4% between livers accepted
for the first-ranked patient, compared to those declined and transplanted at a lower position.

Discussion—There is marked variability in center practices regarding accepting livers allocated
to the highest-priority patients. Center-level decisions to decline organs substantially increased
patients’ odds of dying on the waitlist without a transplant.

Keywords
organ offer; decline; waitlist mortality

INTRODUCTION

Prioritization on the liver transplant waitlist follows an urgency-based (i.e., ‘sickest-first”)
model. Urgency-based prioritization aligns with the ‘Final Rule’ proposed by the US
Department of Health and Human Services in 1998.1 Since 2002, the Model for End-Stage
Liver Disease (MELD) score, an objective measure that strongly predicts the risk of death
on the waitlist,2 has been used to prioritize patients and allocate organs. All patients actively
listed are determined by a center as being well enough for transplantation at the time of an
organ offer. With few exceptions, organs are first offered based on the MELD score, first
locally among liver transplant programs within the 58 donor service areas, then regionally to
a greater number of programs among the 11 United Network for Organ Sharing (UNOS)
regions, and then nationally to all programs.

Despite MELD-based allocation3, geographic differences in waitlist mortality rates exist.4—2
These differences have been attributed to variations in organ supply as compared to waitlist
demand. Proposals to redraw lines of organ distribution in order to improve equity are under
review, and have generated considerable discussion®, including by members of Congress
whose support is divided by geography rather than political party lines.1:11 However in all
of these discussions, little attention has been given to an alternative potential source of
differences in waitlist mortality: differential utilization of available organs by transplant
centers. Previous data has suggested that transplant centers differ in average “quality” of the
liver allografts transplanted, with higher-volume centers and centers with more local
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competition using higher-risk organs.2 Furthermore, six liver transplant centers (out of
nearly 110 in the US) utilize 64% of all nationally placed allografts (livers transplanted
outside of the UNOS region of procurement).13 An explanation for this is that many factors
beyond the organ that is being allocated also may influence the decision to accept an offer.14

Despite our current knowledge of organ utilization among centers, there are limited data
defining how often organ offers are accepted for those sickest patients most in need (the
highest-priority patients), how often organs are declined by centers, how centers differ in
their acceptance behavior, and how these behaviors influence the probability a patient will
be transplanted successfully, die after transplant, or die on the waitlist.1>:16 We sought to
evaluate: 1) within and across-region center variability in center acceptance patterns for
livers offered to the highest-prioritized patients; 2) factors associated with offer acceptance;
and 3) the association between center behavior on patient outcomes.

US organ allocation system

The organ transplant system in the US is managed by UNQOS. For the purposes of organ
donation and allocation, the US is divided geographically at two levels. There are 11
‘regions’, with each region (except for region 9), encompassing multiple adjacent states
(e.g., region 2 includes Pennsylvania, Delaware, New Jersey, Maryland, Washington D.C.,
and West Virginia). Second, regions are subdivided into 58 smaller geographic units (donor
service areas). Donor service areas vary in land area and population size, but are the local
unit by which organs are procured and allocated, with one organ procurement organization
in each donor service area responsible for procuring donor organs. For example, in Region
2, there are five donor service areas that do not necessarily follow state boundaries. With
certain exceptions, organs are first offered to patients in the same donor service areas as the
donor. If not accept for patients in the same donor service area, the organ is next offered to
patients in the same region. It must be noted that although the performance of transplant
centers in the US is closely tracked, with potential penalties for outcomes that are lower than
expected, these do not include any penalties for declining organ offers for a given patient.

Match run waitlist mechanics

Each time a deceased-donor liver becomes available, UNOS ranks all patients eligible to
receive the organ based on the donor and potential recipient’s blood type, the potential
recipient’s geographic location, most recent MELD score, and potential recipient’s
willingness to accept organs from donors with certain characteristics (e.g., is the patient
willing to accept an organ from a donor with hepatitis C, or a donor over a certain age). The
organ is then offered to the center at which the highest-ranked patient is waitlisted. This is
referred to as the match run. With few exceptions, organ offers follow a sequential process
(Supplementary Figures 1 and 2). A center, and specifically the on-call transplant surgeon,
could decline an offered organ for several reasons: donor quality (e.g., donor age), recipient
clinical status, donor-recipient size mismatch, or the opinion that a patient with lower
priority has a greater risk of death. When an organ offer is declined for the highest-ranked
patient, that patient will either be transplanted after a future offer is accepted, or die without
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being transplanted (with or without receiving subsequent offers). The rank list is dynamic,
changing daily as new patients are added, existing patients removed, and MELD scores are
updated. As such, the decision to decline an organ offer for the highest ranked patient does
not assure that the same patient will be ranked at or near the top when the next organ is
available.

Study sample

Outcomes

Covariates

Using data from the Organ Procurement and Transplantation Network (OPTN)/UNOS, this
study evaluated match runs for livers from May 1, 2007, the first date of available match-run
data, through June 17, 2013. Match-run data were only available for livers that were
ultimately transplanted.

We excluded match runs in which the highest-ranked patient was <18 years of age or a
multiorgan transplant candidate; the organ offer was bypassed to a lower-ranked patient
(e.g., directed donation where the donor’s next-of-kin specify their recipient of choice); or
critical donor data (e.g., age) were missing. Transplant centers with patients ranked first on a
match run <20 times/year were excluded because their acceptance patterns could be
artificially variable due to small sample sizes (6/110 transplant centers with a total of 305
match runs with a patient ranked first during the study period).

In analyses evaluating center variability in organ offer acceptance rates, the outcome was
whether the offer was accepted for a given patient. The first-ranked patient for each offer
was the unit of analysis, aggregated by center to calculate that center’s acceptance rate
(Supplementary Figure 2). For models assessing waitlist mortality, the outcome was waitlist
removal for death or clinical deterioration, which included dying on the waitlist, or removal
for being ‘too sick to transplant,” or for ‘other’ reasons with a known date of death within 90
days of removal, based on Social Security Death Master File data.*17 Waitlist removal was
modeled as a binary outcome given the short time interval from initial organ offer to waitlist
removal date (median 10 days; 72.9% of removals for death or clinical deterioration
occurring within 30 days of an organ offer being declined, and 81.5% within 60 days)
between being ranked first and subsequent outcomes of death or transplantation (the
outcome in >95% patients ranked first).17:18 Lastly, we evaluated the graft-specific outcome
of graft failure (recipient death or retransplantation9).

Recipient covariates included: age, sex, allocation MELD score (the higher value of the
calculated or exception MELD score), race/ethnicity20, previous liver transplantation, and
receipt of hepatocellular carcinoma (HCC) or other exception points (which increase a
patient’s priority beyond their calculated MELD score20). Donor covariates included: sex,
height, weight, age, race/ethnicity, cause of death, donation after cardiac death status (in
contrast to standard brain-dead donors, these grafts have more ischemic injury and inferior
outcomes?1-23), and share type. Share type refers to the geographic location of the donor
with regards to the patient offered the organ: a) donor service area (local unit of organ
allocation); b) statewide-share; or 3) regional-share (same UNQOS region). Local transplant-
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center density was modeled as the number of liver transplant centers within a donor service
area. We did not adjust for blood type in organ acceptance models as donor organs are only
offered to waitlist patients of the same (or compatible for recipient blood group AB or B
under specific circumstances).

Statistical analysis

Center acceptance rates—Mixed-effects logistic regression models with patient- and
center-level random intercepts were used to quantify and test for variability in acceptance
rates across transplant centers after adjustment for recipient and donor characteristics among
all included match runs. Individual patients are clustered (or, grouped) within transplant
centers, which could lead to correlated outcomes of patients within those clusters. In contrast
to a traditional fixed effect (i.e., gender, age, race, ethnicity) that has levels that are of
primary interest and would be used again if the study were repeated, random effects can be
viewed as selecting from a much larger set of levels.2* In the case of this study, centers
serve as the random effects, because one can view the centers in this study as being selected
from the set of all transplant centers.

In the case of this study, the primary models are multi-level, because there are two levels of
clustering: patients within centers; and individual patients themselves, because patients
could have more than one organ offer, and thus, acceptance decisions could be correlated
among patients within centers, and among individual patients with multiple offers.24 In these
mixed-effects models, the null hypothesis was that there was no residual heterogeneity (e.g.,
after accounting for all of the covariates in the model, the acceptance rates among centers
are statistically not different from one another). A p-value <0.05 suggested that there were
significant differences in organ offer acceptance rates after adjusting for the observed
covariates in the model.2> We conducted a hypothesis test that the standard deviation of the
center-level random intercepts was equal to 0 using a likelihood ratio test, comparing a
model that included both patient- and center-level random intercepts to a model that
included only patient-level random intercepts. Due to the limitations of this approach?6, we
also examined whether the 95% confidence interval for the random intercepts' standard
deviation excluded the null-hypothesized value of 0. Adjusted acceptance rates were then
calculated using the output of the multivariable model (post-estimation commands in Stata
13.0) that standardized each center’s observed acceptance rate to the expected rate based on
the model.2” Primary analyses included Status-1 patients (acute liver failure in the absence
of chronic liver disease?0), and focused on patients ranked first on a match run, with
secondary analyses including patients ranked second or third.

Waitlist mortality—We fit mixed-effects logistic regression models to assess the
association between center acceptance patterns and waitlist mortality for first-ranked
patients. The primary exposure was the adjusted acceptance rate (calculated above) for the
given transplant center for each patient. The outcome of waitlist mortality (waitlist removal
for death or clinical deterioration) was determined at the patient level. To account for
correlation due to clustering within centers and donor service areas, the model included
center-level and donor service area-level random intercepts. Primary waitlist mortality
models excluded Status-1 patients, who by definition have a different baseline risk of dying
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on the waitlist compared to patients with chronic liver disease?8-32; in secondary analyses
these patients were included and an additional covariate (status-1 yes/no) was included.
After fitting these models, we calculated adjusted center-level waitlist mortality rates using
post-estimation methods described above.

Sensitivity and secondary analyses

RESULTS

A series of sensitivity analyses were conducted to assess the robustness of the primary
analyses of center acceptance rates: 1) inclusion of only one match run per patient to assess
for potential bias from within-patient clustering not accounted for by multi-level modeling;
2) including only organ offers for brain-dead donors <50 years of age (‘ideal donors’1%) or
the lowest 25th percentile (highest graft ‘quality’) of donors based on donor risk index
(DRI)33 to determine if acceptance rates are influenced by donor quality not accounted for in
multivariable models; and 3) exclusion of patients receiving exception points who are less
acutely ill than patients with similar calculated MELD scores (patients can receive
additional MELD points, exception points, to increase their waitlist priority). Adjusted
center-specific acceptance rates were calculated for patients ranked second and third on
match runs, while waitlist mortality models were fit only for second-ranked patients given
similar results to the primary mortality analyses. Lastly, adjusted graft survival rates were
used to compare donor liver ‘quality’ for accepted vs. declined organs using Cox models,
stratified by transplanted center. These models adjusted only for recipient covariates
significantly associated with graft survival in this cohort (pre-transplant location of home
versus hospital versus intensive care unit, functional status using the Karnofsky score,
laboratory MELD score, HCC, need for dialysis prior to transplantation, age, etiology of
liver disease, and race/ethnicity) leaving donor factors/graft quality as the main determinant
of outcomes.

There was no funding source for this study.

From May 1, 2007 through June 17, 2013, 23,740 match runs met the study criteria, with
13,255 unique patients ranked first on =1 match run (Supplementary Figure 3). The median
highest-ranked patient was representative of the general liver waitlist; median age: 54 (IQR:
47-60) years; 62% male; 70% white, 12.2% Hispanic, and 11.2% black.34 The most
common etiologies of liver disease were hepatitis C (37%), non-alcoholic steatohepatitis
(15%), or alcohol-induced liver disease (15%); 16% had increased prioritization based on
receiving exception points for HCC32. The median match MELD score was 30 (IQR: 23—
40). Of the 23,740 match runs, the organ offer was accepted for the highest-ranked patient in
37.4% of cases. Among the 13,255 unique first-ranked patients, the initial offer to that
patient was accepted 47.5% of the time. Overall, 65% (15,386/23,740) of included organ
offers were transplanted into a patient ranked in the top three of the match run. Among these
recipients, the median (IQR) match MELD scores were highest at position 1 (29, IQR: 23—
40), subsequently decreased at positions 2(25, IQR: 22-33) and 3 (25, IQR: 22-31), and
were stable at positions 4 (25, IQR: 22-30) and 5 (25, IQR: 22-29).
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Among organ offers declined for patients ranked first that were subsequently transplanted
into a lower-ranked patient, 93.7% were transplanted in the same OPTN/UNOS region,
56.9% in the same donor service area, and 29.5% at the same transplant center. When
restricted to donor service areas with the greatest center density (>3 centers), 70.2% of
declined livers were subsequently transplanted in the same donor service area, while only
19.9% were transplanted at the same center. Among organ offers declined for the first-
ranked patient and subsequently transplanted into a lower-ranked patient, it was more likely
to be used for the patient ranked second when used at the same transplant center (39.4%)
compared to the same donor service area (33.8%) or same UNOS region (29.4%).
Furthermore, when the organ offer was declined for the patient ranked first and subsequently
transplanted into a lower ranked patient at the same transplant center, it was significantly
(p<0.001) more likely to be used for the patient ranked second in single-center donor service
areas compared to those with greater transplant center density: 52.7% (single-center), 40.1%
(2 centers), 35.4% (3 centers), 27.2% (=4 centers).

Among patients whose initial first-rank offer was declined, <60% had a subsequent offer
while ranked first. Yet, 71.7% of patients whose initial first-ranked offer was declined were
subsequently transplanted, with 42.0% of these patients being transplanted within 3 days of
their initial decline.

Within-region variability

Despite adjustments for donor, recipient, and center characteristics, there was significant
among-center variability (p<0.001) in center acceptance within each region, and across all
11 UNOS regions (Figure 1a; Table 1). Significant among-center differences were evident
with exclusion of Status-1 patients (Supplementary Figure 4), and in donor service areas
with multiple liver transplant centers (Supplementary Figure 5). Adjusted center-specific
acceptance rates at each of the top three positions were strongly correlated (p<0.001 for all
correlations; Supplementary Figure 6). For example, centers’ acceptance rates at the first
and second positions were correlated at r=0.81.

Factors associated with acceptance

In multivariable models, several donor, recipient, and geographic factors were associated
with organ offer acceptance. Donation after cardiac death donors, regional organ offers, and
Status 1 were the donor and recipient factors with the strongest negative associations with
offer acceptance (Table 1). There was a significant association between being prioritized
based on exception points and having an organ offer accepted. Compared to patients who
did not receive exception points, those with HCC exception points were more likely to have
an organ offer accepted, while those with ‘other’ non-HCC exception points were less likely
(Table 1).

Local transplant center density was significantly associated with organ offer acceptance
patterns (p<0.001). Significant differences (p<0.001) were observed before and after
adjustment for donor and recipient factors (Table 1)—adjusted acceptance rates: 44.9%
(single-center OPO, of which there were 18 adult liver transplant centers without another
adult liver transplant center in their donor service area); 38.3% (2-center OPO); 33.9% (3-
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center OPO); 31.5% (=4-center OPO). Transplant-center volume was not associated with
organ offer acceptance (p=0.71).

Among patients ranked first on a subsequent match run after having their initial first-ranked
offer declined, the organ quality of the subsequent first-ranked offer was *better’ (lower
DRI) in 54% of cases (median DRI difference of second and first offers: —0.054, 95% CI:
-0.44, 0.31). There were no significant differences based on local transplant center density
(p=0.32). The organ offer was accepted for these patients in 31.2% of cases.

between center acceptance patterns and patient survival

There was significant among-center variability in waitlist removal for death or clinical
deterioration, ranging from 3.7% to 26.8% across all US centers (p<0.001; Figure 1b). When
centers were aggregated into UNOS regions, the absolute difference in region-specific
waitlist mortality between the lowest (region 8: 8.6%) and highest (region 2: 17.4%) region
was smaller than the absolute difference in adjusted center waitlist mortality between the
center with the lowest and highest adjusted waitlist mortality within 10 of the UNOS regions
(Supplementary Table 2).

Short-term mortality among patients ranked first whose initial organ offer was declined
differed for patients with and without HCC exception points. Excluding patients with non-
HCC exceptions, 27.2% of patients ranked first due to calculated MELD scores were
removed for death or clinical deterioration after having their initial first-ranked organ offer
refused, compared to 2.5% (p<0.001) of HCC patients.

Unadjusted rates of waitlist removal for death or clinical deterioration were significantly
higher for first-ranked patients waitlisted at transplant centers with lower organ acceptance
rates (p<0.001; Figure 1c). In multivariable models that modeled adjusted center acceptance
rates as a continuous exposure, decreasing organ acceptance rates were associated with
significantly increased risk of waitlist removal for death or clinical deterioration, with a 27%
increased odds of waitlist mortality for every 5% decrease in a centers’ adjusted acceptance
rates (OR: 1.27, 95% CI: 1.20-1.32; Supplementary Table 1). In centers with adjusted organ
acceptance rates >50%, the adjusted estimated waitlist mortality of the highest-ranked
patients was 5.4%, compared to 17.9% in centers that accepted fewer than 30% of offers for
firstranked patients (Table 2). There was a strong inverse correlation between a center’s
adjusted first-ranked acceptance rate and the adjusted center-specific waitlist mortality of
first-ranked patients (r=—0.7, p<0.001; Figure 1d). However, the overall post-transplant
unadjusted 1-, 3, and 5-year patient survival of all deceased-donor liver transplants
recipients during the study period, stratified by adjusted organ offer acceptance rates at a
given center, were similar: <30%: 88.3%, 79.7%, and 73.0%; 30-39.9%: 89.6%, 80.7%, and
74.4%; 40-49.9%: 89.8%, 81.4%, and 74.4%; and =50%: 90.2%, 81.6%, and 75.%,
respectively.

Secondary and sensitivity analyses

The DRI of organ offers accepted in the first position were statistically significantly lower
(“better quality’) than those that were declined, but these differences were not clinically
meaningful (Table 3), based on the original DRI data published by Feng et al.33 There was a
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statistically increased risk of adjusted graft failure (defined as death or need for
retransplantation) among livers declined for the highest-ranked patient, but the absolute
difference in median 5-year adjusted graft survival was 4% between livers accepted for the
first-ranked patient, compared to those declined and transplanted at a lower position (Figure
2). We were unable to obtain a confidence interval for the difference in the adjusted survival
rate, but the confidence intervals for the unadjusted survival rates were quite narrow (95%
ClI for unadjusted 5-year graft survival: 70.6-73.2% for livers transplanted in the first
position; 69.1-71.1% for livers transplanted below first position). All sensitivity analyses
produced similar results regarding center-level variability (Supplementary Figures 7-11).
Waitlist mortality analyses were similar among second-ranked patients (Supplementary
Figure 4). Lastly, among first-ranked patients whose initial organ offer was declined who
subsequently died on the waitlist, the time from declining the organ offer to death did not
differ among centers with the highest and lowest acceptance rates (Supplementary Table 4).
Inclusion of transplant centers (n=6) with small sample sizes did not change the results of
the primary analyses. Donor-recipient size mismatch did not appear to explain why organ
offers were frequently declined, as the recipient-to-donor height and weight differentials
were not clinically meaningfully different between organ offers that were accepted or
declined. More importantly, the distribution of organ offers declined for apparent size
mismatch was similar among centers. Finally, the association between having an organ offer
declined and subsequent survival was unlikely related to unmeasured center-level factors
and appeared to be related directly to having an organ offer declined. In analyses restricted
to first-ranked patients whose initial organ offer was declined (excluding those who were
removed from the waitlist for death or clinical deterioration within 14 days of having the
organ offer declined), matched to lower-ranked patients at the same transplant center
transplanted with that liver (n=3,229 pairs of patients), the hazard for death in stratified
multivariable Cox models was significantly higher for first-ranked patients who had the
organ offer declined (HR: 1.86, 95% CI: 1.58-2.19). The 1-, 3-, and 5-year survival from the
date of the match run for a first-ranked patient for whom the liver was declined was: 78.7%
(77.0-80.4%), 70.9% (69.8-72.8%), and 64.9% (62.6-67.2%), respectively for first-ranked
patients with the organ offer declined, and 90.8% (89.8-91.8%), 81.2% (79.7-82.6%), and
74.4% (72.5-76.2%) for the lower-ranked patient at the same center who received the same
liver. Inclusion of number of new listings per center and percentage of new listings that had
exception points did not alter the findings of among-center variability. To consider the
potential for refusal rates to be influenced by the center’s recent graft and/or patient survival,
we included a binary indicator of whether a center was cited for graft and/or patient survival
rates that was significantly below the expected rates in the previous 6-month reporting
period. There was no statistical association between low performance and organ acceptance
rates the following period (p=0.65).

DISCUSSION

In this analysis of deceased-donor liver transplant organ offers from 2007-2013, we
demonstrate wide variability in center behavior regarding accepting liver offers for the
sickest patients, despite accounting for donor and recipient characteristics, local transplant-
center density, and center size. Organs that were declined had only slightly inferior
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characteristics and outcomes to those that were accepted. Most importantly, the decision of
whether to accept or decline an organ, largely explained by center-specific variability,
substantially increased a patient’s odds of dying on the waitlist without a transplant. For the
individual patient at the top of the waitlist, these data suggest that when an organ offer is
made, it should be accepted because having an organ offer declined significantly increases
one’s odds of dying. Furthermore, patients at centers with lower acceptance rates have
significantly higher risks of dying without a transplant, which is an important consideration
going forward from the perspectives of patients, referring providers, and insurers.

The MELD allocation system is designed to provide access to livers for those at greatest risk
of waitlist mortality. Under the Final Rule, transplant centers have a mandate to transplant
the sickest patients with the highest waitlist priority.> Once passed over, many of the
highest-ranked patients do not survive long enough to be ranked first again. Although some
of the declined organ offers could be attributable to centers attempting to use extended
criteria grafts for patients with lower MELD scores, this would not explain the among-center
differences in analyses restricted to the highest-quality grafts. If the liver transplant
community continues to operate under an urgency-based model, then efforts to minimize
center variability appear necessary if we wish to diminish waitlist mortality and provide
equitable access to lifesaving transplants. If transplant physicians strictly followed sickest-
first principles, the issue of variable organ offer acceptance rates as a mediator of waitlist
mortality would go away. If differences still persisted, only then should we determine if
policies such as redistricting or changing the exception point system could help to minimize
waitlist mortality.

Although it is unrealistic to expect uniform organ offer acceptance patterns among
transplant centers, these data would suggest the need for development of standards of organ
offer acceptance (i.e., a standardized acceptable range of organ offer acceptance), coupled
with a standard center acceptance metric that would be publicly available. Such efforts could
potentially decrease waitlist mortality by ensuring appropriate organ offer acceptance rates
for the sickest patients, while also adding transparency to a process that historically has not
been frequently discussed.

The strong association between center-specific practice patterns and patient survival
suggests a potential causal relationship between organ offer acceptance behavior and patient
outcomes. First, mechanistically, patients at the top of the waitlist, especially those without
exception points, are acutely ill. As a result, having an organ offer declined during the
narrow time window that a high MELD patient is at the top of the waitlist would be
expected to lead to subsequent death if the patient does not receive a subsequent offer
(>40% of patients ranked first whose initial first-ranked organ offer was declined never were
ranked first on a subsequent match run). Second, the associations between center-specific
organ offer acceptance rates and patient survival were robust to multivariable analyses, and
persisted when organ acceptance rates were measured as either a continuous and categorical
exposure. Third, first-ranked patients whose initial organ offer was declined had nearly
twice the hazard of death in multivariable models that adjusted for patient characteristics,
when compared to lower-ranked patients at the same center transplanted with that liver. This
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suggests that mortality was related to having an organ offer declined, rather than
unmeasured center-level factors.

This study has potential implications for broader policy changes that would broadly share
organs over greater distances in the US. First, these data demonstrate that geography alone is
not the major determinant of waitlist survival. Among-center variability in waitlist mortality
within distinct regions is as large, if not larger, than the among-region differences in waitlist
mortality. As such, potential changes in redistribution may not reduce disparities in survival.
Second, simulations of the impact of policy changes in liver allocation and distribution are
limited, because the software used assumes that centers exhibit, “the same organ acceptance
behavior,” which these data clearly show is not the case.3® Third, increased transplant-center
density was associated with reduced odds of accepting an organ offer, which could be
exacerbated under redistricting proposals that would create four or eight regions of organ
distribution.>6

This study had several strengths. It evaluated over 23,000 match runs that included over
13,000 unique patients. Further, our findings remained robust throughout multiple sensitivity
analyses that were restricted to the best potential donors, the sickest non-exception
recipients, as well as second- and third-ranked patients.

This study had limitations with regards to knowing the specific reason why a transplant
center declined an organ offer. Each time an organ offer is declined, a transplant center must
submit the reason for refusal (refusal code) to UNOS. Although the OPTN/UNOS dataset
contains these refusal codes, they have been shown to be invalid, and thus do not allow for
ascertainment of the true reason for decline.1® Specifically, 55% of ‘high-quality” liver
offers based on donor age and medical criteria received a refusal code of “organ quality” or
“donor age.”®> Our own internal analysis validated these findings (data not shown).
However, future work that seeks to understand the reasons for graft refusals is critical in
order to better understand the center variability we have highlighted. Second, by the nature
of available match run data, all organs considered in these analyses were of high enough
quality to ultimately be transplanted. Any small unmeasured differences in organs would not
explain the degree of among-center differences. Also, it is estimated that approximately 10%
of all donor livers are procured and discarded.3” Although this may introduce some degree
of survivor bias, this is unlikely to have impacted the among-center comparisons. Third, the
time from organ decline to waitlist mortality did not differ based on center acceptance
patterns, suggesting that declines in low-accepting centers are unlikely to be due to
differences in patients that were too sick to transplant. Fourth, although donor-recipient size
mismatch may have contributed to organ declines, this represented a small fraction of cases,
and did not appear to explain among-center differences in acceptance rates. Fifth, the UNOS
match-run dataset only included data on the match MELD score at the time of an organ offer
(the MELD score used to rank a patient, accounting for exception points), and not the
calculated MELD score, or its individual components.

In conclusion, there is substantial variability in center behavior towards accepting livers
allocated to patients with the highest priority. These differences in behavior are not clearly
explained by different patient and donor characteristics, and vary substantially among
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centers within the same geographic area. These differences in behavior are strongly
correlated with a patient’s probability of dying on the waitlist without a transplant, and
highlight how current center practices are not aligned with the underlying principles of
MELD-based allocation. Further exploration and standardization of center-level differences
in decision-making are needed to improve the stewardship of organ offers.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. (four panels): Among-center differences in organ offer acceptance rates and waitlist
mortality and the association between organ acceptance and waitlist mortality

a. Figure la: Per-center adjusted acceptance rates of first-ranked organ offers from
5/1/07-6/17/13

a. UNOS=United Network for Organ Sharing

b. Figure 1b: Per-center adjusted percentage of first-ranked patients removed from the
waitlist for death or clinical deterioration*

a. *Footnote
i. Excluding Status-1 patients
ii. UNOS=United Network for Organ Sharing

¢. Figure 1c: Waitlist outcomes of patients ranked first on at least one match run from
5/1/07-6/17/13, stratified by adjusted first-ranked organ offer acceptance rates of their
respective transplant center

J Hepatol. Author manuscript; available in PMC 2017 April 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Goldberg et al.

Page 19

a. Figure Legend

B Removed from the
waitlist for death or
clinical deterioration

B Removed from the
waitlist for other
reasons

M Received a liver
transplant

d. Figure 1d: Correlation between a center’s adjusted organ offer acceptance rate and
waitlist mortality rate of patients ranked first on a match run*

a. *Footnote: * Each dot represents an individual transplant center. The dashed line
represents the best-fit quadratic line of waitlist mortality regressed on the
acceptance rate due to the non-linear relationship between center acceptance rate
and center waitlist mortality rate. The area shaded in gray represents the 95%
confidence interval of the standard error of the predicted waitlist mortality
regressed on the acceptance rate, rather than the standard error of the mean.
Correlation coefficient=-0.7, p<0.001.
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0 1 2 3 4 5
Years post-transplantation
Figure 2.
Adjusted graft survival based on for accepted versus declined organs offered to first-ranked
patients*

a. *Footnote: Graft survival curves adjusted for recipient characteristics at
transplantation. Adjusted hazard ratio for graft survival when organ offer accepted
at first position: 0.89, 95% CI: 0.81-0.98. Curves based on grafts with available
graft survival data (21,935/23,740 overall grafts)

b. Figure legend:

Organ offer accepted for patients ranked first on match run

————Organ offer declined for patients ranked first on match run

*At-risk table for Figure
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Organ offer

0 1 2 3 4 5
Accepted 13,765 10,685 8,048 5785 3,781 2,081
Declined 8,170 6,398 4,832 3457 2,187 1,181
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Table 1

Variable

Multivariable odds ratio™

P-value

Recipient factors

Age at match runt

Male sex

HCC exception points

“‘Other’ exception pointsfF

Status 1 candidate

Donor factors

AgeT

Cause of death
Stroke
Head trauma
Anoxia
Brain tumor
Other

DCD donor

Weight**

Organ share type
Local OPO
Regional share

Geographic factors

OPO competition
1 center OPO
2 center OPO
3 center OPO
24 centers/OPO

UNOS region
1

© 0 N o o b~ W N

=
~ o

1.02 (1.01-1.03)

1.17 (1.10-1.25)
1.18 (1.07-1.30)
0.87 (0.77-0.98)

0.50 (0.45-0.55)

0.88 (0.87-0.89)

1
1.34 (1.23-1.46)
1.28 (1.17-1.39)
0.73 (0.46-1.15)
1.07 (0.86-1.33)
0.26 (0.22-0.31)
0.95 (0.94-0.96)

1
0.59 (0.54-0.65)

1
0.72 (0.55-0.94)
0.67 (0.47-0.95)
0.42 (0.30-0.59)

1
0.41 (0.26-0.64)
0.48 (0.30-0.78)
0.68 (0.43-1.07)
0.45 (0.28-0.71)
0.84 (0.45-1.55)
0.60 (0.38-0.96)
0.47 (0.28-0.81)
0.67 (0.39-1.16)
0.41 (0.24-0.70)
0.53 (0.32-0.88)

0.007

<0.001
0.001
0.03

<0.001

<0.001

<0.001

<0.001
<0.001

<0.001

<0.001

0.004

J Hepatol. Author manuscript; available in PMC 2017 April 01.

Page 22

Multivariable mixed-effects model evaluating factors associated with accepting an organ offer for a patient
ranked first on a match run from 5/1/07-6/17/13, n=23,740"



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Goldberg et al. Page 23

*Model was mixed-effects logistic regression model with individual center-level random intercepts. The p<0.001 indicated that there was residual
heterogeneity between transplant centers after accounting for the patient demographic and geographic factors in the multivariable model based on
the test of random center effects. We also examined the 95% confidence interval for the random intercept’s standard deviation, which was (0.34,
0.47). The null-hypothesized value of 0 was far outside this confidence interval, bolstering our confidence in the hypothesis test. Other covariates
forced into the model but not presented because they were not significant were: increasing match MELD score at match run (p=0.28), recipient
race/ethnicity (p=0.79), donor race/ethnicity (p=0.11), re-transplant candidate (p=0.29); and donor height (p=0.06). Donor sex was not associated
with organ offer acceptance in univariable models (p=0.34), and was not included in multivariable models

t . .
Per 5-year increase in age

iOther exception points included increased prioritization granted for patients for conditions other than HCC, such as hepatopulmonary syndrome,
recurrent cholangitis, complications of portal hypertension, etc.
*k

Per 5-kg increase in weight

HCC=hepatocellular carcinoma; DCD=donation after cardiac death; OPO=organ procurement organization; UNOS=United Network for Organ
Sharing; MELD=Model for End-Stage Liver Disease
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