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1 | INTRODUCTION

The Scientific Registry of Transplant Recipients (SRTR) is considering more promi-
nent reporting of program-specific adjusted transplant rate ratios (TRRs). To enable
more useful reporting of TRRs, SRTR updated the transplant rate models to adjust
explicitly for components of allocation priority. We evaluated potential associations
between TRRs and components of allocation priority that could indicate programs’
ability to manipulate TRRs by denying or delaying access to low-priority candidates.
Despite a strong association with unadjusted TRRs, we found no candidate-level as-
sociation between the components of allocation priority and adjusted TRRs. We
found a strong program-level association between median laboratory Model for End-
stage Liver Disease (MELD) score at listing and program-specific adjusted TRRs
(r=.37; P <.001). The program-level association was likely confounded by regional
differences in donor supply/demand and listing practices. In kidney transplantation,
higher program-specific adjusted TRRs were weakly associated with better adjusted
posttransplant outcomes (r = -.14; P =.035) and lower adjusted waitlist mortality
rate ratios (r = -.15; P =.022), but these associations were absent in liver, lung, and
heart transplantation. Program-specific adjusted TRRs were unlikely to be improved
by listing candidates with high allocation priority and can provide useful information

for transplant candidates and programs.
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the waiting list.2 Similarly, the effect of program volume on pedi-
atric waitlist mortality was substantially higher than the effect on

Pretransplant metrics are crucial for informing patients regard-
ing transplant program care. For example, due to severe organ
shortages, less than 40% of kidney transplant candidates undergo
transplantation within 3 years of Iisting.1 Even poor donor quality

kidneys can improve patient outcomes compared with remaining on

Abbreviations: DSA, donation service area; KAS, kidney allocation score; LAS, lung alloca-
tion score; LASSO, least absolute shrinkage and selection operator; MELD, model for end-
stage liver disease; OPTN, Organ Procurement and Transplantation Network; PSR, pro-
gram-specific report; SRTR, Scientific Registry of Transplant Recipients; TRR, transplant
rate ratio; WMRR, waitlist mortality rate ratio.

posttransplant outcomes for both liver and heart transplant,>* em-
phasizing the importance of accessible public reporting of waitlist
mortality.” Yet regulatory review of transplant programs has histor-
ically focused on adequate posttransplant survival with no formal
evaluation of pretransplant outcomes. In addition, public reporting
by the Scientific Registry of Transplant Recipients (SRTR) has em-
phasized posttransplant outcomes through a discrete “outcome
assessment.” Although the OPTN Final Rule mandates public re-
porting of pretransplant metrics, the metrics currently included in

the program-specific reports rely on statistical terminology and can
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be difficult to interpret. Thus better public reporting of pretrans-
plant metrics, especially transplant rates, would give patients a more
complete picture of transplant program care.

SRTR may place additional emphasis on pretransplant metrics
for public reporting through an outcome assessment of adjusted
transplant rate ratios (TRRs) and adjusted waitlist mortality rate ra-
tios (WMRRs).” Rate ratios correspond, for example, to the observed
transplant rate divided by the expected transplant rate: transplants
per person-year divided by expected transplants per person-year.
The TRR is interpreted as the multiplicative change in transplants
performed compared with transplants expected. Due to the im-
portant role of risk adjustment in determining the expected num-
ber of transplants or deaths on the waiting list, SRTR released more
thorough risk-adjustment models for transplant rate and waitlist
mortality in the January 2018 program-specific reports (PSRs). The
modifications to the pretransplant models and the corresponding
concepts are especially important as pretransplant metrics become
more prominent in public reporting.

Numerous studies have investigated the unintended conse-
quences of public reporting and regulatory review of posttransplant
outcomes.® Greater emphasis on pretransplant metrics, and espe-
cially on adjusted TRRs, may generate concern about unintended
consequences due to perceptions that adjusted TRRs are associated
with listing practices, posttransplant outcomes, and waitlist mortal-

ity. The primary perceptions are:

1 Programs can achieve good adjusted TRRs by listing candidates
with high allocation priority. This perception is sometimes cited as
a reason to avoid evaluating adjusted TRRs, and it may have been
valid with previous models that did not explicitly adjust for the
components of allocation priority. However, the updated mod-
els adjust for these components and the relationship is therefore
unlikely.

2 Programs with good adjusted TRRs have relatively poor post-
transplant outcomes due to a willingness to transplant organs
from marginal donors and/or accept marginal recipients. This per-
ception may be related to the lower absolute survival associated
with marginal donors and/or recipients. However, risk-adjustment
removes the association of measured donor and recipient risk
with adjusted posttransplant outcomes.” Thus a better risk-ad-
justed TRR should not be associated with worse risk-adjusted
posttransplant outcomes despite potentially worse unadjusted
outcomes.

3 Programs with good TRRs will have good WMRRs. This percep-
tion may be due to the better survival associated with transplant
compared with remaining on the waiting list,? or to the fact that
patients who undergo transplant cannot die on the waiting list.
However, for a single candidate, the TRR is unlikely to affect the
risk of waitlist mortality during a single day conditional on the
candidate being alive at the beginning of the day. Because this
is a conceptual definition of the WMRR, there may be no associ-
ation between TRRs and WMRRs. In fact, within the framework
of competing risks, TRRs and WMRRs are independent, and no
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association would be expected.'® In contrast, the eventual prob-
ability of waitlist mortality depends on both WMRRs and TRRs,
and an association with the eventual probability of transplant
would be expected. The Supplementary Materials present the
competing risks framework and provide illustrative examples.

Despite theoretical justifications that these perceptions are false,
an empirical evaluation is necessary to alleviate concerns regarding a
more prominent role of pretransplant metrics in public reporting. In
addition, investigation of the perceptions may further justify report-
ing pretransplant outcomes, especially transplant rate, which has
been suggested as a potential avenue to attenuate the unintended
consequences of posttransplant evaluations.!! For example, if a good
adjusted TRR is not associated with worse posttransplant outcomes,
then more prominent reporting of TRRs would not force programs to
choose between a good TRR or good posttransplant outcomes, as they
could independently achieve both. In addition, if adjusted TRRs and
WMRRs are not associated, then each metric likely assesses a differ-
ent dimension of pretransplant care and programs can independently

achieve good outcomes for both.

2 | MATERIALS AND METHODS

2.1 | Risk-adjustment models for pretransplant
metrics

The updated pretransplant models use a methodology similar to that
previously described for SRTR posttransplant models.*? Specifically,
the pretransplant models were built with a 2-stage process that con-
siders a wide range of covariates and implements linear splines to
identify the effect of continuous covariates. The first step identifies
covariates with potentially important effects from an exhaustive list.
The second step estimates the final model with the more limited
set of covariates. The updated model-building process could cre-
ate instability and lead to worse predictive performance due to the
larger number of covariates and the use of linear splines, which can
be highly correlated. Thus similar to the SRTR posttransplant mod-
els, the updated pretransplant models are estimated with the Least
Absolute Shrinkage and Selection Operator (LASSO), which can sta-
bilize model estimation and improve predictive performance.13 See
Supplemental Materials for more detail regarding the pretransplant
model development and fitting process, including the definition of

censoring and handling of missing data.

2.2 | Estimation of TRRs and WMRRs

Program-specific TRRs and WMRRs were estimated with a Bayesian
methodology similar to that used to estimate hazard ratios for post-
transplant outcomes.** For example, TRRs were estimated by the
observed number of transplants plus 2 divided by the expected
number of transplants plus 2. Adding 2 to the observed and ex-
pected numbers shrinks the TRR and WMRR toward 1, which can
improve estimation.
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2.3 | Analysis of pretransplant perceptions

This study used SRTR data. The SRTR data system includes data
on all donors, waitlisted candidates, and transplant recipients
in the United States, submitted by the members of the Organ
Procurement and Transplantation Network (OPTN), and has
been described elsewhere.'® The Health Resources and Services
Administration, US Department of Health and Human Services,
provides oversight of the activities of the OPTN and SRTR
contractors.

The primary components of allocation priority at listing were
the following: dialysis duration, laboratory model for end-stage
liver disease (MELD) score, and lung allocation score (LAS) for kid-
ney, liver, and lung transplantation, respectively. Heart allocation
has only 3 tiers of allocation priority and was not included in the
analysis. Although there are other important candidate-specific
components of allocation, for example, MELD exceptions and cal-
culated panel-reactive antibodies, it is difficult to condense every
component into a single score due to allocation tables that priori-
tize different clinical characteristics at different points in the match
run. The selected primary components of allocation priority are the
main “tie-breakers” for most candidates in each box of the allocation
tables. Other components of allocation priority, including MELD
exceptions, were included in the pretransplant models and may
have similar qualitative associations as the primary components.

The analyses of the relationship of deceased donor TRRs with
the primary components of allocation priority at listing and WMRRs
used the period prevalent cohort between July 1, 2014, and June 30,
2016, which would have been the 2-year evaluation cohort for the
January 2017 PSR release. The analysis of the relationship between
deceased donor adjusted TRRs and posttransplant outcomes used
the period prevalent cohort between July 1, 2013, and December
31, 2015. This was the same as the 1-year posttransplant graft sur-
vival cohort in the January 2017 PSR release and ensured an appro-
priate comparison of the potential consequences of a high adjusted
TRR on eventual unadjusted and adjusted posttransplant outcomes.
Each cohort included only adult candidates and/or recipients.

Calibration plots examined the ability of the transplant rate
model to adjust for allocation priority at listing. Specifically, we cate-
gorized patients by intervals of the primary component in allocation
priority, and then calculated the unadjusted and adjusted deceased
donor TRR within each interval, where the adjusted TRR accounted
for every factor included in the pretransplant models (see https://
www.srtr.org/reports-tools/risk-adjustment-models-waiting-list/).
The closer the calibration plots for the adjusted TRRs were to 1, the
better the models accounted for differential transplant rates across
allocation priority at listing. The Supplementary Materials provide
the interval definitions for each organ.

We also investigated the program-level relationship between
the median of the primary component of allocation priority at list-
ing and unadjusted and adjusted deceased donor TRRs for kidney,
liver, and lung programs. The median of the primary component
of allocation priority at listing for programs was determined with
the 2-year period prevalent cohort (July 1, 2014-June 30, 2016).
Pearson correlation coefficients estimated the associations with
unadjusted and adjusted program-specific deceased donor TRRs.
If the calibration plots did not demonstrate an association be-
tween the component of allocation priority and adjusted deceased
donor TRRs, a program-level association would not indicate that
programs achieved a better adjusted TRR by listing high-priority
candidates. Instead, a program-level association would likely indi-
cate the presence of confounders, for example, geographic dispar-
ities in donor supply and demand.

A Pearson coefficient evaluated the program-level association of
the adjusted deceased donor TRR with 1-year posttransplant graft
survival (unadjusted and adjusted) and the adjusted WMRR for kid-

ney, liver, lung, and heart programs.

3 | RESULTS

3.1 | Candidate-level association between
components of allocation priority and TRRs (Figure 1)

Dialysis duration and laboratory MELD at listing had strong non-
linear relationships with, respectively, unadjusted kidney and liver
TRRs (Figure 1; top- and middle-left panels). LAS at listing had a
strongincreasing relationship with the unadjusted lung TRR (Figure 1;
bottom-left panel). As expected, the transplant rate models removed
each relationship from the adjusted TRRs (Figure 1; right panels). For
example, kidney candidates listed with 5 years of dialysis underwent
approximately twice the number of deceased donor transplants as
expected based on the national average, but less than 10% fewer
transplants than expected after adjusting for candidate character-
istics including duration of dialysis at listing. Candidates with high
allocation priority at listing did not have better adjusted TRRs. Thus
programs were unlikely to achieve better adjusted TRRs only by list-
ing candidates with high allocation priority. Instead, programs would
have to perform transplants in such candidates at a rate higher than

the national average for candidates with similar allocation priority.

3.2 | Program-level association between
components of allocation priority and TRR (Figure 2)

For kidney programs, median years on dialysis at listing was weakly
correlated with the program-specific unadjusted TRR (Figure 2; top-
left panel), and risk-adjustment further attenuated the correlation

FIGURE 1 Candidate-level association of unadjusted (left panels) and adjusted (right panels) deceased donor transplant rate ratios
(TRRs) with primary components of allocation priority for kidney (top panels), liver (middle panels), and lung (bottom panels) programs. Only
adult candidates were included in the analysis. A complete list of factors included in the adjusted TRRs is available at https://www.srtr.org/

reports-tools/risk-adjustment-models-waiting-list/
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(Figure 2; top-right panel). In contrast, median laboratory MELD
and median LAS at listing were strongly associated with the un-
adjusted TRRs for, respectively, liver and lung programs (Figure 2;
middle- and bottom-left panels). Risk adjustment attenuated both
associations (Figure 2; middle- and bottom-right panels), although
the median laboratory MELD at listing remained strongly associated
with the adjusted TRR. The donor-to-candidate ratio in the dona-
tion service area (DSA), a metric of donor supply and demand, was
strongly associated with both the median laboratory MELD at listing
and the adjusted TRR (Figures $1-S2); that is, the donor-to-candidate
ratio satisfied the requirements of a confounder. After adjusting for
DSA-level differences, the association between median laboratory
MELD at listing and the adjusted TRR severely attenuated (Figure
S3). Thus, as anticipated by the candidate-level analysis, programs
did not achieve a higher adjusted TRR by only listing candidates with
higher average allocation priority but through other mechanisms, for
example, DSA-level variability in donor supply and demand.

3.3 | Program-level association between adjusted
TRRs and 1-year posttransplant graft survival
(Figure 3)

In kidney transplantation, there was a significant association be-
tween high program-specific adjusted TRRs and better 1-year un-
adjusted graft survival rates and a similar association for adjusted
hazard ratios for 1-year posttransplant graft survival. These asso-
ciations were in the opposite direction expected based on the per-
ception that a high adjusted TRR would cause poor posttransplant
outcomes. In liver, lung, and heart transplantation, there was no as-
sociation between program-specific adjusted TRRs and 1-year post-
transplant survival (Figures S4-S6). Thus there was no evidence that
good adjusted TRRs caused poor posttransplant outcomes.

3.4 | Program-level association between adjusted
TRRs and WMRRs (Figure 4)

In kidney transplantation, there was a weak but significant asso-
ciation between good adjusted TRRs and good adjusted WMRRs.
There were no associations in liver, lung, and heart transplantation.
Adjusted TRRs explained, at most, a small proportion of variabil-
ity in adjusted WMRRs. Thus program-specific adjusted TRRs and

WMRRs identified different dimensions of transplant program care.

4 | DISCUSSION

Although the PSRs present adjusted TRRs, the SRTR website cur-

rently presents unadjusted transplant rates that are difficult to

interpret, and, due to lack of risk adjustment, differences can be
caused by variability in patient populations rather than transplant
program care. Unadjusted transplant rates are therefore not ap-
propriate for summarizing a program'’s propensity to perform trans-
plants in waitlisted candidates. A common criticism of the 5-tier
reporting system for posttransplant outcomes was lack of a compa-
rable system for pretransplant metrics, especially transplant rates.”
A TRR adjusted for allocation priority at listing and candidate co-
morbid conditions would appropriately summarize the likelihood of
transplant and give patients a more complete picture of transplant
program care.

The updated pretransplant models are critical for further public
reporting of adjusted TRRs because, first, the previous models may
not have adequately adjusted for candidate comorbidity or alloca-
tion priority at listing; for example, previous kidney models did not
include dialysis duration. The updated models also consider many
factors, including linear splines for continuous covariates. Second,
the updated models focus on candidate status at listing, while the
previous models used candidate status at the beginning of the co-
hort or, for candidates listed during the cohort, status at listing.
Transplant rate and waitlist mortality are affected by the clinical
trajectory after listing (eg, a higher MELD score increases the likeli-
hood of both outcomes) and, since changes in clinical status could be
caused by program care or decision-making (eg, status 1 and ventric-
ular assist devices in heart allocation), adjusting for the changes in
clinical status could remove the program effect from adjusted TRRs
and WMRRs. Furthermore, candidate status at listing better aligns
the TRR with an intent-to-treat analysis, which describes the pro-
gram effect for candidates with a similar status at listing. Thus the
updated pretransplant models should provide better risk adjustment
and better identify the effect of program care on waitlist outcomes.

This study showed that components of candidate-level allocation
priority at the time of listing were not associated with adjusted TRRs,
suggesting that program-specific adjusted TRRs cannot be improved
or manipulated by listing candidates with characteristics included
in the transplant rate model, for example, high laboratory MELD.
Specifically, good adjusted TRRs can be achieved only if candidates
undergo transplant at rates faster than the national average for can-
didates listed with similar allocation priority. In addition, calibration
of the liver transplant rate model across quartiles of donor supply
and demand was relatively good, shifted up for high-supply DSAs
and down for low-supply DSAs (Figures S7-S8). Listing candidates
with high laboratory MELD was unlikely to improve the program-
specific adjusted TRR beyond the effect of local liver supply.

Further emphasis on adjusted TRRs in public reporting could
lead to unintended consequences. Although listing candidates with
higher allocation priority is unlikely to improve a program'’s adjusted
TRR, individual programs could achieve better adjusted TRRs by

FIGURE 2 Program-level association of unadjusted (left panels) and adjusted (right panels) deceased donor transplant rate ratios (TRRs)
with primary components of allocation priority for kidney (top panels), liver (middle panels), and lung (bottom panels) programs. Only adult
candidates and programs were included in the analysis. A complete list of factors included in the adjusted TRRs is available at https://www.

srtr.org/reports-tools/risk-adjustment-models-waiting-list/
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delisting candidates unlikely to undergo transplant at the program.
This could be especially true for programs with large waiting lists,

where large proportions of candidates may be unlikely to ever

Hazard Ratio for 1-Year Graft Survival

100 —
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85 —
80 —

70 —

undergo transplant; for example, the program may lack the hospi-
tal resources and/or organ availability to perform the number of

expected transplants. However, delisting is not necessarily a bad
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FIGURE 3 The association between program-specific kidney deceased donor transplant rate ratios (TRRs) and 1-year unadjusted graft
survival rates (right panel) and adjusted hazard ratios for 1-year posttransplant kidney graft survival (left panel). Only adult candidates and
programs were included in the analysis. A complete list of factors included in the adjusted TRRs is available at https://www.srtr.org/reports-
tools/risk-adjustment-models-waiting-list/wileyonlinelibrary.com] [Colour figure can be viewed at wileyonlinelibrary.com]
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FIGURE 4 The association between
program-specific adjusted deceased donor
transplant rate ratios (TRRs) and adjusted
waitlist mortality rate ratios for kidney
(top-left), liver (top-right), heart (bottom-
left), and lung (bottom-right) programs.
Only adult candidates and programs were
included in the analysis. A complete list of
factors included in the adjusted TRRs is
available at https://www.srtr.org/reports-
tools/risk-adjustment-models-waiting-list/
wileyonlinelibrary.com] [Colour figure can
be viewed at wileyonlinelibrary.com]
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outcome, especially for candidates unlikely to undergo transplant
at the program. Alternatively, programs could restrict overall access
by reducing the probability of listing any candidate. The feasibility
of this approach is less clear. For example, if every program in the
nation similarly restricted access, no program would achieve a bet-
ter adjusted TRR. Furthermore, programs must list candidates to
guarantee offers for potential donor organs and, ultimately, to per-
form transplants. Programs that restrict access may have difficulty
performing the same number of transplants and may not achieve a
better adjusted TRR. Although listing practices are difficult to mon-
itor, trends among listed candidates can be evaluated for potential
changes, which may be especially important for programs with large
waiting lists. Regardless, better data on listing practices and, in par-
ticular, likelihood of a program listing a referred candidate, would
elucidate a largely unknown component in the continuum of trans-
plant care.'®

Geographic variability in likelihood of undergoing deceased donor
transplant is substantial across DSAs.**”*? A program’s TRR could be
higher than other local programs’ rates but lower than the national
average. This dependency on geographic differences in local donor
supply likely prevents use of adjusted TRRs in regulatory review be-
cause differences in adjusted TRRs may not be under the control of
the transplant program. However, public reporting should not ob-
scure geographic disparities in access that are potentially relevant to
patient decision-making regardless of the underlying cause. Although
the adjusted TRR could potentially account for local deceased donor
supply, the primary TRR should not adjust for such geographic dispar-
ities. However, a relative TRR among local programs remains relevant
because patients may have access only to local programs. SRTR is
considering a separate online tool to allow patients and programs to
compare geographically adjusted TRRs for programs within a certain
number of miles of a ZIP code. This approach may balance the reality
of geographic disparities in access to deceased donor organs, while
simultaneously providing patients and programs with relevant infor-
mation on the likelihood of transplant at local programs.

Socioeconomic factors are associated with disparities in access
to kidney transplant.?%?! Despite potentially allowing continued dis-
parities in access, public reporting should identify differences in the
care provided, not differences in the patient population. Therefore,
the pretransplant models should adjust for socioeconomic factors.??
A limited number of socioeconomic factors, for example education
level, are included in the pretransplant models; however, additional
measures associated with the ZIP code of the listed candidate, for
example, median income, may better identify the socioeconomic
status. These ideas deserve further investigation.

The association between good adjusted TRRs and good post-
transplant outcomes for kidney transplant programs dramatically
demonstrates the fallacy of the perception that restricting pre-
transplant access leads to better posttransplant outcomes. The
associations, especially with unadjusted posttransplant survival,
are surprising because programs with good adjusted TRRs may
perform transplants using a higher proportion of marginal donors
and/or recipients, which would have suggested an association
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with worse unadjusted posttransplant survival. The association
may have identified programs with poor outcomes that then
restricted access to transplant due to the regulatory environ-
ment.2%:24 Although the cohorts for the pretransplant and post-
transplant evaluations were identical to ensure an appropriate
comparison, programs were likely aware of the potential for a
poor posttransplant evaluation and may have restricted access
before the PSR release and even during the cohort. Even if the as-
sociations identified risk aversion due to poor outcomes, there is
still no evidence that high adjusted TRRs, or transplants with high
measured risk, are associated with worse adjusted posttransplant
outcomes.’

Lack of an association between adjusted TRRs and posttrans-
plant evaluations may further justify more prominent public re-
porting of pretransplant metrics. Specifically, poor posttransplant
evaluations are associated with lower transplant volume and higher
waitlist removal rates in kidney transplantation.?>2* More prominent
reporting of adjusted TRRs may incentivize programs to maintain
transplant volume or otherwise risk low adjusted TRRs. However,
long-term outcomes should be carefully monitored to ensure that
good adjusted TRRs are not achieved at the cost of poor long-term
outcomes. Alternatively, since poor donor quality organs can pro-
vide a survival benefit compared with remaining on the waiting list,
a metric that integrates pretransplant and posttransplant outcomes
could provide a more holistic measure of the patient experience at
a program.?®

The significant association between adjusted deceased donor
TRRs and WMRRs in kidney transplantation could be caused by
longer waitlist times compared with times for other organs,1 or by
unmeasured risk factors associated with low transplant rates but
high waitlist mortality. The association in kidney transplantation was
weak and, in general, a good adjusted TRR did not guarantee a good
adjusted WMRR. Furthermore, variability in adjusted WMRRs was
relatively low for kidney transplant programs compared with nonkid-
ney programs, and more prominent reporting of kidney adjusted
WMRRs may identify relatively small differences. Best practices in

% and

public reporting caution against reporting too many metrics,?
identifying small differences in adjusted WMRRs could create un-
necessary difficulties in interpreting the public reports. SRTR plans
to further evaluate waitlist mortality for each solid organ, and may
consider more prominent reporting for certain organs (eg, liver, lung,
and heart) but not others (eg, kidney).

The analysis has potential limitations. First, the new kidney al-
location system (KAS) was implemented 5 months after the begin-
ning of the pretransplant data cohort (December 4, 2014). Before
KAS, candidates were primarily prioritized by waiting time, not di-
alysis duration. Although number of days on the waiting list at the
beginning of the cohort was included in the pretransplant models,
implementation of KAS could influence the effects of dialysis du-
ration and days on the waiting list at the beginning of this cohort.
This could bias the association of program-specific deceased donor
TRRs with 1-year posttransplant outcomes and waitlist mortality,
although the direction of the potential bias is unclear. The analysis
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did not adjust for KAS because the adjusted TRRs would not cor-
respond to the metrics included in SRTR PSRs, and there were a
priori reasons (ie, the numbered list in the Introduction) that the
adjusted kidney TRRs may not be associated with dialysis duration
at listing, posttransplant outcomes, or waitlist mortality. Second,
proper risk adjustment is critical to public reporting of pretrans-
plant and posttransplant outcomes. The model building process for
posttransplant outcomes and the updated model building process
for pretransplant outcomes considers a wide range of covariates
and potential nonlinearity in continuous covariates. However,
statistical models cannot adjust for unmeasured risk factors, and
there are concerns that programs may restrict access for candi-
dates with unmeasured risk factors, for example, avoid listing
candidates with cardiovascular disease. The best solution for miti-
gating concerns regarding unmeasured risk factors is collection of
additional data. Further data standardization and quality control
could also improve risk-adjustment of currently collected data. The
OPTN Data Advisory Committee, which is responsible for recom-
mending collection of additional data, could consider the potential
improvement of including, for example, cardiovascular risk factors.

Program-specific adjusted TRRs cannot be manipulated
only by listing candidates with high allocation priority. In addi-
tion, adjusted TRRs are not strongly associated with adjusted
WMRRs or with posttransplant outcomes. Thus further public
reporting of pretransplant metrics, especially adjusted TRRs,
may provide patients with a more complete picture of transplant

program care.
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