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This report presents simulation results and analysis. The “Data Request” section is
the request from the committees including overall goals and specific research questions
of interest. The section is the analysis plan we submitted in response
to the request and describes how we arrived at the results in the “Simulated Results”
section. We largely stuck to this plan except where noted in footnotes with the label
“CTAP” (change to analysis plan).

1 Executive Summary

The purpose of this request was to select simulation submodels that will be used to an-
swer the Kidney and Pancreas Committees’ “Research Questions” in future simulation re-
quests. To that end, we designed and assessed various collections of submodels (CSMs)
in accordance with the Each figure in the “Simulated Results” section
corresponds to a research question, and each figure contains data on a metric that is
intended to answer that research question. The far-left point on each figure represents
the true, historical value for that metric, while each remaining point represents the mean
simulated value of that metric for a CSM. The ability of each CSM to answer a research
question was qualitatively assessed based on how closely the simulated and historical
data matched. The selected CSM was the one which was judged to best replicate histor-
ical data across all of the research questions.

* Kidney

- The CSM labeled “CSM: A” was judged to best replicate historical kidney data.

- This CSM slightly over-estimated the utilization of deceased donor kidneys
both overall and by various subgroups; however, in most cases it correctly
captured trends in kidney utilization across sub-groups.

- The inclusion of utilization modeling in the simulation did not clearly cause
any deficiencies in other simulated kidney metrics compared to a transplant-
only simulation.

* Pancreas

- All CSMs showed limited ability to replicate historical pancreas data for most
research questions.

- This was true regardless of whether utilization modeling was incorporated
into the simulation.
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- Consequently, the Pancreas Committee should pursue alternative, non-
simulation, methods for evaluating proposed allocation policies.

The selected CSM which will be used in subsequent requests is the one labeled “CSM:
A",

2 Submodel (Scenario) Naming Key

Information about the CSMs shown in the “Simulated Results” section are given here.

CSM: A

Includes a center-level covariate and allocation-related metrics in the accep-
tance models. An organ was considered not utilized for transplant after
1,000 offers.

CSM: B

Includes a center-level covariate and allocation-related metrics in the accep-
tance models. An organ was considered not utilized for transplant after 100
offers.

CSM: C

Includes a center-level covariate and allocation-related metrics in the ac-
ceptance models. Organ utilization was determined using a pre-placement
model with characteristics of candidates at the top 25 sequence numbers
on the match.

CSM: D

Includes neither a center-level covariate nor allocation-related metrics in
the acceptance models. Organ utilization was determined using a pre-
placement model with characteristics of candidates at the top 25 sequence
numbers on the match.

' E

Includes neither a center-level covariate nor allocation-related metrics in
the acceptance models. An organ was considered not utilized for transplant
after 100 offers.
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« CSM: F

Includes neither a center-level covariate nor allocation-related metrics in
the acceptance models. An organ was considered not utilized for transplant
after 1,000 offers.

+ CSM: G

Includes a center-level covariate and allocation-related metrics in the ac-
ceptance models. Organ utilization was determined using a pre-placement
model with no information about candidates on the match run.

« CSM: H

Includes neither a center-level covariate nor allocation-related metrics
in the acceptance models. Organ utilization was determined using a
pre-placement model with no information about candidates on the match
run.

« CSM: Tx-Only

- Includes a center-level covariate and no allocation-related metrics in the ac-
ceptance models. Organ utilization not modeled.
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3 Data Request

3.1 Background

The Organ Procurement and Transplantation Network (OPTN) Kidney and Pancreas Com-
mittees are currently working on adopting the continuous distribution framework for
kidney, pancreas, kidney-pancreas, and pancreas islets allocation. At the direction of
the OPTN Board of Directors, all organ-specific committees are required to consider uti-
lizationl! in relation to the adoption of a continuous distribution framework.

The study design for the most recent Scientific Registry of Transplant Recipients
(SRTR) kidney-pancreas simulation analysis, KIPA2023_01, did not consider utilization as
a modeled outcome. The cohort of donors used as input was restricted to only those
who had an organ transplanted historically; for this document, call this a “transplanted
only” simulation design.

To include the utilization question as a modeled simulation outcome in the kidney-
pancreas context, new simulation methods and models will need to be developed and
assessed. This research has not been undertaken, and it is still unknown if utilization can
be credibly modeled as a simulated outcome while maintaining high credibility across
other important analysis outcomes.

3.2 OPTN Strategic Goal

Increase equity in access to transplants.

3.3 Request: Develop and assess models required for simulation analy-
sis thatincludes utilization related outcomes, while maintaining high
credibility across other important metrics, in preparation for future
continuous distribution simulation studies

Historically, simulation studies have been a useful tool for policy-making, and this re-
quest will inform the Kidney and Pancreas Committees if simulation analysis will also be
a useful tool for analyzing the utilization question in the context of continuous distribu-
tion.

The Kidney and Pancreas Committees are requesting analysis to determine if simu-
lation can be credibly used to answer the questions in the “Research Questions” section

'In broad terms, utilization refers to the split between the number of organs that were transplanted and the number of
organs that were not transplanted.
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below. New research questions related to utilization are included for both kidney and
pancreas; all other research questions are the same as those in the KIPA2023_01 data

request.
Following analysis there are three categories of potential outcomes:

1. Utilization can be confidently added while maintaining credibility in other out-
comes

+ Updated models will be available to simulate both utilization and other met-
rics for future continuous distribution simulation studies

. Utilization cannot be confidently added while maintaining credibility in other out-
comes

+ Updated models will be available to run a “transplanted only” simulation
design for future continuous distribution simulation studies

. The results are ambiguous, where the addition of utilization makes some other
outcomes less reliable

* The pros and cons of including utilization will need to be weighed for future
continuous distribution simulation studies

3.4 Research Questions

The following research questions are those that will be of interest to the committeesin a
future data request that would include a range of potential continuous distribution sce-
narios. For the purpose of the current data request, KIPA2024_01, the potential policies
do not need to be defined, only the form of the research questions. The models being
built in KIPA2024_01 will be targeted to specifically address these questions; changes to
the research questions may require rebuilding models.

3.4.1 Kidney

Non-Use

+ KI-NU 1: How do the proposed policies impact non-use of donor kidneys overall
and by the following?

- KI-NU 2: kidney donor profile index (KDPI)
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- KI-NU 3: kidney donor risk index (KDRI) (rao)
- The factors used to calculate KDPI:

* KI-NU 4: Donor age
KI-NU 5: Height
KI-NU 6: Weight
KI-NU 7: History of hypertension
KI-NU 8: History of diabetes
KI-NU 9: Cause of death
KI-NU 10: Serum creatinine
KI-NU 11: Donation after circulatory death (DCD) status

KI-NU 12: How do the proposed policies impact sequence number of the final
acceptor?

KI-NU 13: How do the proposed policies impact cold ischemic time? What addi-
tional cold ischemic time is attributable to transport logistics?

- Cold ischemic time at acceptance
- Cold ischemic time at transplant

KI-NU 14: What is the impact of the policies on organ transport logistics?

Patient Access

KI-PA 1: Do the proposed policies maintain the high level of access that pediatric
candidates receive in the current system?

KI-PA 2: Do the proposed policies maintain a high level of access for the extremely
highly sensitized (calculated panel-reactive antibody [cPRA] 99.9+)?

- Under currently policy, the highly sensitized have very high access to trans-
plant; do the proposed policies result in reduced access for the highly sen-
sitized (cPRA 98-99.9; using the buckets used in the previous addendum
report) and overall lower disparities in access across cPRA groups?

KI-PA 3: Do the proposed policies have those with the highest qualifying times
undergoing transplant at a rate equal to or higher than current policy?

KI-PA 4: Does patient access differ by OPTN region (transplant rates by OPTN
region)?

KI-PA 5: How does median qualifying time at transplant differ between proposed
policies?
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+ KI-PA 6: Do the proposed policies impact the distribution of KDPI by estimated
post-transplant survival (EPTS)? In other words, are low-EPTS patients appropri-
ately prioritized for low-KDPI kidneys?

Placement Efficiency

KI-PE 1: On average, how far are organs traveling?

KI-PE 2: What is the distribution of travel distance?

KI-PE 3: Are higher KDPI kidneys traveling shorter distances? In other words, is
the increased donor modifier having the intended effect?

KI-PE 4: When organs travel farther are they traveling farther to reach vulnerable
populations (i.e., pediatrics, extremely highly sensitized)?

Candidate Biology

* KI-CB 1: Do the proposed policies maintain access for blood type O and type B
candidates? Committee expressed that decreased access for type B and type O
candidates would not be tolerable.

- Do the proposed policies result in fewer disparities in access to transplant
across blood types?

+ KI-CB 2: How do the proposed policies impact the percent of recipients by DR
mismatches (0, 1, or 2)?

Posttransplant Outcomes

* KI-PT 1: Do the proposed policies result in decreased graft failure and higher
survival (short and long term)?

+ KI-PT 2: Do the proposed policies balance longevity matching and qualifying time?
In other words, are we able to have candidates with EPTS of 0-20% undergo trans-
plant with low-KDPI kidneys without dropping their access while still having those
with the longest qualifying times undergo transplant?

Other
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+ Do the proposed policies help diminish any disparities in access to transplant for
subpopulations:

Sex

Race

Ethnicity

Age

Rural/urban
Geography

cPRA

Blood type

EPTS

Medical urgency
Time on dialysis groups
Safety net candidates

+ The proposed policies aim to balance priority for patient access groups but may in-
advertently result in decreased access for some subpopulations in an effort to pri-

oritize others. Are there any unintended consequences on waitlist outcomes (ad-
ditional time waiting, access to transplant, higher cumulative incidence of death,
etc.) for any subpopulations:

Sex

Race

Ethnicity

Age

Rural/urban
Geography

cPRA

Blood type

EPTS

Medical urgency
Time on dialysis groups
Safety net candidates

3.4.2 Pancreas

Non-Use
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Goal: Analyze the impact of proposed policies on pancreas utilization and identify
ways to improve pancreas utilization.

KPPA-NU 1: How do the proposed policies impact utilization of deceased donor
pancreata, overall and by donor characteristics:

- KPPA-NU 1.1: age
- KPPA-NU 1.2: body mass index (BMI)
- KPPA-NU 1.3: DCD status?

KPPA-NU 2: How do the proposed policies impact non-use of deceased donor
pancreata, overall and by donor characteristics (age, BMI, DCD status)?
KPPA-NU 3: How do the proposed policies impact pancreas recovery rates?
KPPA-NU 4: How do the proposed policies impact sequence number of the final
acceptor?

KPPA-NU 5: How do the proposed policies impact the timing of final acceptance
relative to donor recovery (final acceptance pre- versus post-operation)?
KPPA-NU 6: How do the proposed policies impact cold ischemic time:

- At acceptance (overall, and separately for KP versus PA)?
- Attransplant (overall, and separately for KP versus PA)?

KPPA-NU 7: How do the proposed policies impact allocation by center aggressive-
ness (e.g., the distribution of pancreata accepted by more aggressive versus less
aggressive centers), overall and separately for KP versus PA?

Placement Efficiency
Goal: Maintain or reduce KP/PA travel distances relative to the current system (using
travel distance as a proxy for anticipated impact on pancreas utilization).

« KPPA-PE 1: What is the distribution of organ travel distance (assess separately for
KP and PA)?

« KPPA-PE 2: When KP/PAtravel farther, are they doing so to reach highly sensitized
candidates, pediatric candidates, and/or candidates with long qualifying times?

Candidate Biology
Goal: Equitable access to transplant across cPRA groups (to the extent possible).
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+ KPPA-CB 1: How does access to transplant for highly sensitized candidates (cPRA
80-97%; cPRA 98-100%) compare with access under the current system?

- How does access to transplant compare across cPRA groups?

+ KPPA-CB 2: How does access to transplant by candidate blood type compare with
access under the current system (expect no change given no ABO attribute but
would like to confirm)? Ideally look at this separately for KP and PA since they
have different blood type screening rules (this stratification would be new).

Patient Access

Goal: (1) Increase access to transplant for pediatrics and prior living donors (note: we
recognize that OASim cannot model prior living donors). (2) Maintain similar candidate
waiting times relative to the current system.

+ KPPA-PA 1: How does overall access to KP versus PA transplant compare with ac-
cess under the current system? (e.g., would we expect KP transplants to increase
and PA to decrease?)

+ KPPA-PA 2: How does access to transplant for pediatric candidates compare with
access under the current system?

+ KPPA-PA 3: How does access to transplant by candidate qualifying time compare
with access under the current system?

- Do candidates with the highest qualifying times receive transplants at a rate
similar to with current policy? Higher than with current policy?

- ldeally look at this separately for KP and PA, and would like to look at both
qualifying time and time on the waiting list for KP (since KP qualifying time
includes time on dialysis prior to listing).

- How does median qualifying time at transplant differ between proposed
policies (separately for KP versus PA)?

Other

+ Do the proposed policies result in any new/unintended disparities in access to
transplant for any of the following subpopulations by:

- Geography
- Age
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- Race
- Ethnicity
- Sex
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4 Analysis Plan

For this data request, we will be building a range of utilization and acceptance simulation
submodels, assessing them in isolation and together, and determining the best combi-
nation of the submodels in order to answer the research questions from the “
” section above. All other submodels will be the same as in KI2022_012.

4.1 Cohort

The cohort made available for the training and assessment of new simulation submod-
els will be all kidney and pancreas candidates who were active from March 15, 2020,
through March 15, 2023, and all recovered organs from the same perioda. This period
was chosen to correspond with 1 year of the “KAS” allocation policy and 2 years of the
current “KAS250" allocation policy (since March 15, 2021), and allow for 3 full years of
donated organs from which to sample.

4.2 Submodel Building and Selection Outline

We describe a range of potential utilization models below in the “Potential Utilization
” section and a range of potential acceptance models in the “Potential Acceptance
" section.

Each of these individual potential submodels (IPSMs) will be built and assessed as
standalone statistical models using standard statistical evaluation techniques. If, after
this step, any of the IPSMs exhibit clear deficiencies, they will be eliminated from further
consideration.

The IPSMs that passed the last stage of analysis will now move onto the operational
validation (OV) stage, where individual utilization and acceptance submodels are consid-
ered together as CSMs. Simulations will be run on a partition of the cohort for a subset

2Where appropriate, existing submodels will be updated with the new cohort data; however, no new techniques or algo-
rithms will be explored for these submodels. See the “KI2022_01 Submodeld” section in the Appendix for details on these
submodels.

3CTAP: The cohort used for simulation analysis was all organs recovered for transplant. There are many pancreata recovered
for research that are not included in the simulation cohort.

“The current allocation rules for kidney-pancreas allocation (OPTN Policy 11.5.A) give organ procurement organizations
(OPOs) a choice between two pathways for kidney-pancreas donors. However, the simulator must follow a deterministic al-
location order for all donors. At the March 15, 2022, meeting of the OPTN OPO Committee, OPO representatives indicated that
current practice generally follows the pathway of offering both kidney and pancreas to the complete kidney-pancreas match
run before offering the kidney to the kidney-alone match run. Accordingly, all simulated analysis for this request will also follow
this pathway.
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of the potential csMs and compared to historical results in order to determine which
potential CSM is the best of the options.

1. For each figure described below in the “Operational Validation Outling” section,
we will qualitatively determine the “best” CSM.

+ Incaseswhere asingle CSM is not best for all factor levels, then the research
question should be examined. For example, if the grouping factor being con-
sidered were age group, and different CSMs were closest for different age
ranges, the CSM that is closest for the pediatric group should be prioritized
because this feature is specifically mentioned in the research questions.

2. After considering each figure in isolation, we will consider how the “winning” CSMs
across the metrics/groupings stack up to help determine the overall selected CSM.

* If no clear winner exists, we will fall back to the simplest of the set of CSMs.

Of course, this could play out in a huge number of ways, and we anticipate there will
be either a clear winner or a set of CSMs that perform comparably.

Following the selection of a CSM, the overall reliability of the simulation submod-
els as a whole will be characterized; for each figure in the “Primary Assessment Metrics
Based on Research Question” section below, the selected CSM will be classified based on
how it compared to the historic cohort for that metric in relation to the other potential
CSMs that were consideredE. This characterization will be used during analysis of future
simulation studies to provide context for the simulated results.

4.2.1 Donor Dataset Partitioning

As a part of the submodel building and selection process, the donor dataset will be ran-
domly partitioned into three disjoint sets:

+ 60% training,
+ 20% testing, and
« 20% (operational)vaIidationB.

>For more details on the selection of the CSM subset, see the section.

®For more information on SRTR simulation methodology, see the attached reference document: “Background and Method
blogy in Simulation Analysis: OASinT".

"For KIPA2023_01, the dataset partitioning was only performed on the group of adult kidney donors because it was deter-
mined the other donor groups (pediatric kidney, kidney-pancreas, and pancreas) did not have sufficient sizes. For this study
we plan to perform partitioning on all four groups, however this decision may be reassessed for the pediatric kidney, kidney-
pancreas, and pancreas groups. If it is determined these group sizes are not large enough, the models will be trained on the
entire cohort for each group.

page 14 of




OF
?g ?;LEQ'\;ELIZISTR ERELZSIIIIFET\I'E HRSA Contract # HHSH75R60220C00011 COR: Shannon Dunne, |D
1

Each donated organ also has a corresponding match run-the specific ordered can-
didates who were offered the organ historically. For the training and testing steps, the
partitioning of the donors will also extend to each donor's corresponding match run;
that is, all data on the candidates who saw an offer for the organ will be available for the
training and testing processesa. The IPSMs described in the “Potential Utilization Models”
and “Potential Acceptance Models” sections will each individually use the training donor
dataset for the model building stage, and then the testing set for standard statistical
evaluation of each IPSM in isolation.

4.2.2 OV Cohort Construction

The final set of partitioned donors will be used for the OV stage of analysis where each
CSM will be evaluated in comparison to each other. The OV process will run simulations
using each CSM and the simulated results compared to historical results. In this context
the partitioning will not extend to each donor’s corresponding match run; for the OV
analysis, novel match runs will be created using randomization of the donor arrivals; see
the “Donor Arrival Generation” section for details on this submodel.

The OV simulations for each CSM will be constructed to be over four non-overlapping
subsets of the entire simulation cohort, described in the section above; the OV
period start dates will be March 15, 2020; March 15, 2021; March 15, 2022; and January
15,2023+,

Let:

+ V: the 20% validation donor cohort
* Ny: number of donorsinV
* Np: number of test periods.

For each donor in V, randomly assign to one of the N, test periods. With this, let:

* V,: validation cohort for test period, p
* Nyp: number of donors assigned to test period, p

For each start date, the OV period end date will be determined to be where the num-
ber of historical donors, Ny, is equal to the number of test donors, Ny,. For each test

8with this framing, an individual candidate may appear in both the training and testing datasets because an individual candi-
date may receive multiple offers over the course of their listing. Note, however, that any time-varying fields for the candidates
will apply at the time of the arrival of the specific donor in question.

9CTAP: The start dates used in the simulation analysis were December 1, 2020; March 15, 2021; March 15, 2022; and January
15, 2023. With corresponding end dates of January 30, 2021; May 5, 2021; May 5, 2022; and March 5, 2023.
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period cohort validation cohort, V,, the donor arrivals will be randomized as described
in the “Donor Arrival Generation” section, bounded by the pre-defined start dates and
end dates determined by the size of Ny,.

4.3 Utilization Mechanism

The utilization mechanism is a mechanism by which an organ can go unused in the sim-
ulation. In this request we will explore two broad styles of utilization mechanisms: pre-
placement mechanisms and peri-placement mechanisms.

4.3.1 Pre-Placement (Utilization) Mechanism Background

The pre-placement mechanism is a new submodel in OASIim that occurs after the match
run is generated but before the placement mechanism. In this request, we will use the
pre-placement mechanism to explore various utilization models. When an organ be-
comes available for transplant, the utilization model(s) first determines whether that
organ will be utilized for transplant. If no, the organ is not offered to anyone and is im-
mediately determined to not be utilized for transplant. If yes, the simulation proceeds to
the placement mechanism whereby candidates are offered the organ until it is accepted.
In this scenario, it is assumed that someone will accept the organ. If, by chance, every
candidate on the match run declines the organ, then this would be considered a model
artifact, not an unused organ.

4.3.2 Peri-Placement Utilization Mechanism Background

A peri-placement utilization mechanism is a utilization mechanism that occurs during
the placement mechanism. If the organ is not accepted by the time some condition is
met, that organ will not be utilized for transplant.

4.3.3 Potential Utilization Models

In this request, we will explore a variety of pre-placement and peri-placement utilization
models. For pre-placement utilization models, we will use one or more logistic regression
models. Donor factors contribute heavily to whether an organ is utilized, and therefore
those factors will play a key role in the utilization mechanism. The donor cohort will
remain constant across any simulated policies, therefore the only way utilization can
vary from policy to policy is via the match-run ordering. Since the earliest portion of the
match run is likely most relevant to the question of whether an organ is utilized, we will
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use summary data about the candidates at the the top of the match runtd to inform the
model(s). Specifically we will explore models summarizing data about candidates at the
top 10, 25, and 50 sequence numbers on the match run. We will additionally include a
model that does not include any information about the match run as a reference. Each
of these models will be built independently for the utilization of kidneys and pancreata.

For peri-placement utilization models, we will explore several conditions during the
placement mechanism that will indicate the organ is not used.

1. The organ is not utilized after all candidates on the match run decline.

2. The organ is not utilized after a number of candidates has declined the organ
equal to the 95th percentile of offer number at acceptance in the cohort used to
train the placement acceptance models.

3. Theorganis not utilized after a number of transplant programs declines the organ
for at least one of its candidates equal to the 95th percentile of center number at
acceptance in the cohort used to train the placement acceptance models.

4.4 Placement Mechanism

The placement mechanism is a submodel that determines who (if anyone) on a match
run will accept a deceased donor organ for transplant. As in previous requests, we will
use an “accept/decline” style placement mechanism; that is, an organ will be offered to
candidates sequentially on the match run, and for each offered candidate a probability
of acceptance is calculated to determine whether that candidate accepts or declines the
offer. The probability of acceptance will be determined based on one or more logistic
regression models.

For future simulation requests, the same placement mechanism will be used for all
proposed policies. This introduces an important assumption: the accept/decline behav-
ior of candidates is invariant across policies (i.e., the probability of acceptance under
different allocation policies is reasonably approximated by the same logistic regression
model[s]). This assumption is likely not true in practice. However, the degree to which
this assumption is violated in our simulations will depend on the degree of allocation
change under consideration and on what variables we allow to inform these models.

Since offer acceptance behavior depends, at least in part, on the allocation system
in effect, the logistic regression model used to calculate the probability that a candidate
will accept an organ will be trained using match-run data from the baseline allocation
system. We represented each individual accept/decline decision made by a candidate

% ncluding information about difference in center offer acceptance behavior. See “Center Variability Background".
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on a match run as a record in a logistic regression model. The decision to accept or
decline likely depends on characteristics of both the donor and the candidate. The SRTR
database provides a large number of possible donor and candidate characteristics that
could be used to inform our model. However, we need to be careful to not overfit to the
baseline scenario, given our assumption that behavior does not change across policies.

The offers that are used to train these logistic regression models will depend on the
type of utilization mechanism that is being tested. For pre-placement utilization mech-
anisms, it is assumed that any organ that makes it to the placement mechanism will be
accepted for transplant, and therefore only offers of transplanted organs will be used
to train the offer acceptance models. For peri-placement utilization mechanisms, all or-
gans (both those that will be utilized and those that will ultimately not be utilized) make it
to the placement mechanism, and therefore offers of all organs (both transplanted and
not transplanted) will be used to train the offer acceptance models.

4.4.1 Center Variability Background

Center variability attempts to characterize the notion that acceptance behavior varies
widely across centers. Center variability can particularly play a role in whether an organ is
utilized for transplant. If a center is more (less) likely to accept a given kind of organ, then
proposed policies can make it more (less) likely that the organ is utilized if candidates at
those centers appear early in the match run. Note, this does not mean the results of
the simulation analysis are meant to be interpreted at the center level; these features
are being accounted for in an attempt to make the aggregate metrics described below
closer to the historical results.

Center variability is included in potential acceptance models via two possible covari-
ates: offer acceptance ratio (OAR) and center-level covariate. The OAR is a model exter-
nal to this simulation analysis based on the SRTR program-specific report (PSR) models.
The OARs for each center were calculated based on the results of the external PSR model
as applied to the simulation cohort; this factor in various forms is included for potential
inclusion. The second is a model that simply includes a center-level covariate.

4.4.2 Allocation-related Metrics Background

Allocation-related metrics are those that describe a potential transplant recipient’s loca-
tion on the match run. In this request, we will consider three allocation-related metrics:

1. Offer number - A potential transplant recipient’'s offer number is one plus the
number of non-bypassed potential transplant recipients with a lower sequence
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number.

. Center number - For the potential transplant recipient at offer number x, the cen-
ter number is the number of unique transplant centers represented by all poten-
tial transplant recipients with offer number less than or equal to x.

. Center rank - A potential transplant recipient’s center rank is their relative prior-
ity among non-bypassed potential transplant recipients at the same transplant
center. The potential transplant recipient with the lowest offer number at a trans-
plant center has a center rank of one, the potential transplant recipient with the
second-lowest offer number at a transplant center has a center rank of two, etc.

These metrics are particularly important for the peri-placement utilization mech-
anisms, as they provide a natural way in which reordering the match run can affect
whether an organis utilized. Offer number and center number are surrogates for time in
the allocation process, and as time progresses offers are less likely to be accepted due to
time constraints. This in combination with center variability in offer acceptance behavior
can lead to an organ not being utilized. Center rank can be an indication of readiness for
transplant (i.e., potential transplant recipients at the top of a centers list are more likely
to be ready for transplant than those lower on the list), of center-level decline (i.e., once a
center declines for a certain number of its potential transplant recipients it is more likely
that it will decline for all of them), and of decision theory (i.e., determining whether to
accept now or wait for a future offer), all of which can affect whether an organ is utilized
for transplant.

The introduction of these allocation-related metrics into the placement mechanism
does pose potential problems regarding the invariance assumption. For example, in
the past we have excluded offer number as a predictor due to empirical evidence that
the meaning of offer number can change from policy to policy. However, it is unclear
whether the meaning of offer number changes after additionally accounting for the other
allocation-related metrics of center number and rank. Furthermore, if the inclusion of
these metrics in the placement model enables us to adequately model utilization, then
we will need to consider the trade-off of potentially overfitting to a specific allocation
policy versus being able to model utilization.

4.4.3 Potential Acceptance Models

Given the introduction of the utilization mechanism, in this request we will explore vari-
ous acceptance models that account for center variability and allocation-related metrics,
both of which can play a role in whether an organ is utilized for transplant. Specifically,
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we will consider three ways of accounting for center variability in the potential accep-
tance models. Each of the types of models below will be assessed with and without
accounting for allocation-related metrics:

+ No center variability metrics

- This is a reference case to show whether the inclusion of center
variability/allocation-related metrics meaningfully improves outcomes

+ All OARs

- Each center's overall OAR is included as a covariate as well as an OAR covari-
ate based on subsets of hard-to-place organs

+ Center-level covariate

Each of the six potential models above will be built independently for these four
subgroups:

« kidney and 18 years or older at listing,
 kidney and younger than 18 years at listing,
+ kidney-pancreas, and

* pancreas.

Furthermore, each will be built three times, once to be paired with the peri-
placement utilization models, once to be paired with the pre-placement utilization
models, and once to be paired with simulations that do not model non-use.

4.5 Allocation Process Time Modeling

Several research questions pertain to how long it takes the allocation process to progress
to a certain point: in particular, whether acceptance happens prior to cross-clamp (KPPA-
NU 5), how much cold ischemic time is on the organ at acceptance and at transplant (see
KI-NU 13, KPPA-NU 6), and questions surrounding transport logistics (i.e., time from ac-
ceptance to transplant [KI-NU 14]). To predict these points in time, we will build three
linear regression models to be applied post hoc. The first will predict the time at which
acceptance occurs relative to cross-clamp, and we will use as predictors the offer num-
ber and center number at acceptance. The second will predict the cold ischemic time at

"see “Allocation-related Metrics Background”
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transplant, and we will use as predictors the offer number and center number at accep-
tance as well as distance. The third will predict the time from acceptance to transplant,
which will use logistical factors such as distance as predictors.

4.6 Operational Validation Outline

The following outline will be used to determine the CSM that does the best job of an-
swering the research questions, as described in the “Submodel Building and Selection

" section.

4.6.1 Specific CSMs

Every potential utilization model from the “Potential Utilization Models” section can be
paired with any potential acceptance model from the “Potential Acceptance Models” sec-
tion™4; there are seven potential utilization models and six potential acceptance models,
giving 42 CSMs for simulations with non-use as a modeled outcome. Additionally for
comparison, the six potential acceptance models will each be assessed in a scenario that
does not model non-use as an outcome; in this case, the input donor dataset for simula-
tion will be restricted to the subset that was transplanted historically, the “transplanted
only” simulation study design that was used for KIPA2023_01.

Thisis alarge number of combinations to assess. Following the model building stage,
the number of potential utilization and acceptance models will be pared down based on
the diagnostic results, outlined in the "|Pena|ized Regression Model Building Report Out-l
" section below, in order to reach a manageable number of combinations to compare.

4.6.2 Use of Post Hoc Models

There are a number of post hoc models in this design-that is, models that are applied to
simulated results after running the simulation rather than models that are a part of the
simulation processing. The models described in the “Allocation Process Time Modeling”
section and the "Posttransplant Models]" section are post hoc models. These models
are not considered across a range of options, and are not directly involved with the OV
selection process. Instead, figures derived from these models will be used only to look
for obvious model deficiencies; these figures are marked with a f symbol below.

12The utilization and acceptance model combinations will be paired based on the utilization type (pre-placement, peri-
placement, or no non-use modeling) as discussed in the “Potential Acceptance Modeld" section.
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4.6.3 Cohort Summary Tables

+ Table 1: Candidate cohort description, nonsimulated. Kidney, columns: Adult,
pediatrics, all. This results of this table will influence the specific groupings for
the figures below.

Age groups (at start)

cPRA groups (at start)
Qualifying time groups (at start)
OPTN region

Blood type

 Table 2: Candidate cohort description, nonsimulated. Pancreas, columns: PA, PK.

Age groups (at start)

cPRA groups (at start)
Qualifying time groups (at start)
Blood type

* Table 3: Donor cohort description, nonsimulated, columns: Kl, PA.

Utilized versus not-utilized
KDPI

KDRI

Age

Height

Weight

History of hypertension
History of diabetes
Cause of death

Serum creatinine

DCD status

A range of potential CSMs will be considered, and the best as measured by the fol-
lowing metrics will be selected.

4.6.4 Primary Assessment Metrics Based on Research Question

Figures below are as usual from the reports. The figures described in this section will be
used as the primary metrics for selecting a CSM.
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The corresponding research question is indicated in parenthesis for each figure be-
low.

Overall Figures by Organ:

+ Percent of organs not used (KI-NU 1, KPPA-NU 1)
Unadjusted transplant rate (KPPA-PA 1)
Median sequence number at acceptance (KI-NU 12, KPPA-NU 4)
Median cold ischemic time at acceptanceT (KI-NU 13, KPPA-NU 6)
Median cold ischemic time at transplantT (KI-NU 13, KPPA-NU 6)
Median time from acceptance to transplantT (KI-NU 14)
Median qualifying time at transplant (KI-PA 5)
Median travel distance (KI-PE 1, KPPA-PE 1)
Distribution of travel distance (KI-PE 2, KPPA-PE 1)
Percent accepted prior to cross-clamp (KPPA-NU 5)
Percent of recipients at centers with OARs in top 25% (KPPA-NU 7)
Percent of recipients whose organ traveled more than 250 nautical miles with
cPRA >99.9% (KI-PE 4, KPPA-PE 2)
Percent of pediatric recipients whose organ traveled more than 250 nautical miles
(KI-PE 4, KPPA-PE 2)

Kidney Alone:
Percent of Kidneys Not Used by Donor Characteristics:

« KDPI (KI-NU 2)
« KDRI (KI-NU 3)
Age (KI-NU 4)
Height (KI-NU 5)
Weight (KI-NU 6)
History of hypertension (KI-NU 7)
History of diabetes (KI-NU 8)
Cause of death (KI-NU 9)
Serum creatinine (KI-NU 10)
DCD status (KI-NU 11)

Adjusted{13 Transplant Rate by Candidate Characteristics:

13Adjusted rates as described in the attached reference document: “fime-to-Event Rate Calculations in Simulation Analysis]
All covariates listed here will be included in the adjusted rate model.
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Age (KI-PA 1)

CPRA (KI-PA 2)

Qualifying time (KI-PA 3, KI-PT 214
OPTN region (KI-PA 4)

Blood type (KI-CB 1)

Other Simulated Metrics

+ Median travel distance by donor KDPI (KI-PE 3)
+ Percent of recipients by 0, 1, or 2 DR mismatches (KI-CB 2)
* Median KDPI by EPTS (KI-PA 6, KI-PT 2)

Posttransplant

+ 1-year graft failure percent by recipient ageT (KI-PT 1)
+ 10-year graft failure percent by recipient ageT (KI-PT 1)

Pancreas Alone:
(Assess the group sizes to determine if KP versus PA split is possible)

Percent of Pancreas Not Used by Donor Characteristics:3

+ Age (KPPA-NU 1.1)
+ BMI (KPPA-NU 1.2)
+ DCD status (KPPA-NU 1.3)

Adjusted Transplant Rate by Candidate Characteristics:

« cPRA (KPPA-CB 1)

+ Blood type (KPPA-CB 2)

+ Age (KPPA-PA 2)

* Qualifying time (KPPA-PA 3)

4Research question KI-PT 2 is partially addressed by the combination of the “adjusted transplant rate by qualifying time” and
“median KDPI by EPTS" figures.

>within the simulation there is no distinction between nonuse (proportion of organs recovered for transplant that were not
transplanted) and nonutilization (proportion of organs from all donors that were not transplanted) because we are currently
not modeling recovery. Therefore we are simply calculating the percentage of organs (kidney or pancreas) that were fed into
the simulation (see ’”) that were not transplanted. Consequently, we see no distinction between research questions
KPPA-NU 1.1-1.3 and KPPA-NU 2, and research question KPPA-NU 3 is out of scope.
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4.6.5 Primary Assessment Metrics Based on Modeling/Assumptions

The Committee's research questions all pertain to the potential impact of proposed con-
tinuous distribution policy scenarios. For those simulations, the same CSMs will be used
across all proposed policies. This introduces what we refer to as the invariance assump-
tion, which is to say we are assuming that each individual submodel is able to perform
well regardless of the allocation policy in effect. This assumption applies to all submodels
but is most relevant to the placement and utilization mechanisms, where we are assum-
ing that behavior is reasonably approximated by the same logistic regression models
regardless of policy. This may not be true in practice. This section will evaluate the valid-
ity of this assumption by comparing several metrics across the policy change from KAS
to KAS250. In particular, for each era we will compare:

+ Non-use overall and stratified by:

KDPI

KDRI

Donor age

Height

Weight

History of hypertension
History of diabetes
Cause of death

Serum creatinine

DCD status

+ Sequence number at acceptance

4.6.6 Secondary Assessment Metrics Based on Research Questions

These metrics will not be directly used to determine the best CSM. They will be used as
a check for any noticeable deficiencies in a way similar to post hoc models, see ”
Post Hoc Modeli”.

Kidney
Unadjusted transplant rate, as well as cumulative incidence of death, by:

+ Sex
* Race
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Ethnicity

Age (above)
Rural/urban
Geography (above)
cPRA (above)

Blood type (above)
EPTS

Medical urgency

Time on dialysis groups
Safety net candidates

Offer number and center number at acceptance, by:

+ KDPI

Pancreas
Unadjusted transplant rate by:

Geography
Age (above)
Race
Ethnicity
Sex

page 26 of




HRSA Contract # HHSH75R60220C00011 COR: Shannon Dunne, JD

SJRll SCIENTIFIC REGISTRY OF
IBRE TRANSPLANT RECIPIENTS

Table 1: Characteristics for the entire simulation candidate cohort

Adult Kl
N = 346080

Pancreas
N =2817!

Pediatric Kl
N = 5740}

Kidney-Pancreas

Characteristic N = 7833!

Age at Listing

0-<18
18-<35
35-<50
50-<65
65+

Sex
Female
Male

Blood Type
A
AB
B
@)

cPRA?
0-60%
>60-80%
>80-98%
>08-99.5%
>99,5-99.9%
>99,9-100%

0 (0%)
35,073 (10%)
93,346 (27%)
152,555 (44%)
65,106 (19%)

132,106 (38%)
213,974 (62%)

93,626 (27%)
8,749 (2.5%)

56,926 (16%)

186,779 (54%)

281,682 (81%)
18,479 (5.3%)
21,988 (6.4%)
6,160 (1.8%)
6,079 (1.8%)
11,692 (3.4%)

5,740 (100%)

0 (0%)
0 (0%)
0 (0%)
0 (0%)

2,168 (38%)
3,572 (62%)

1,890 (33%)
180 (3.1%)
839 (15%)

2,831 (49%)

4,871 (85%)
236 (4.1%)
250 (4.4%)
91 (1.6%)
167 (2.9%)
125 (2.2%)

14 (0.2%)
1,955 (25%)
4,015 (51%)
1,828 (23%)

21 (0.3%)

3,538 (45%)
4,295 (55%)

2,353 (30%)
229 (2.9%)
1,422 (18%)
3,829 (49%)

6,387 (82%)
413 (5.3%)
531 (6.8%)
180 (2.3%)
120 (1.5%)
202 (2.6%)

229 (8.1%)
718 (25%)
1,332 (47%)
516 (18%)
22 (0.8%)

1,428 (51%)
1,389 (49%)

1,089 (39%)
114 (4.0%)
340 (12%)

1,274 (45%)

2,191 (78%)
140 (5.0%)
230 (8.2%)

82 (2.9%)
89 (3.2%)
85 (3.0%)

! values are given as number (percentage).
2 Determined at the later of listing date or simulation start.

5 Simulation Cohort

Tables E| and [ show characteristics of the candidate cohort, and Table B shows charac-
teristics of the donor cohort.

page 27 of




HRSA Contract # HHSH75R60220C00011 COR: Shannon Dunne, JD

SJRll SCIENTIFIC REGISTRY OF
IBRE TRANSPLANT RECIPIENTS

Table 2: Waiting list characteristics for the entire simulation candidate cohort

Adult KI Pediatric KI Kidney-Pancreas Pancreas

. o
Characteristic N = 3460801 N = 5740 N = 78331 N = 28171

OPTN Region

1

9
10
11

Qualifying Time (Years)2

0-1

>1-2
>2-5
>5-10
>10

20,443 (5.9%)
40,969 (12%)
41,781 (12%)
34,670 (10%)
77,286 (22%)
8,318 (2.4%)
28,035 (8.1%)
11,238 (3.2%)
27,899 (8.1%)
17,094 (4.9%)
38,347 (11%)

61,582 (18%)
59,758 (17%)
140,498 (41%)
71,320 (21%)
12,922 (3.7%)

154 (2.7%)
721 (13%)
439 (7.6%)
426 (7.4%)
1,412 (25%)
236 (4.1%)
630 (11%)
249 (4.3%)
582 (10%)
265 (4.6%)
626 (11%)

1,813 (32%)
1,146 (20%)
1,817 (32%)
754 (13%)
210 (3.7%)

269 (3.4%)
1,094 (14%)
786 (10%)
430 (5.5%)
1,118 (14%)
273 (3.5%)
1,311 (17%)
275 (3.5%)
660 (8.4%)
503 (6.4%)
1,114 (14%)

2,246 (29%)

2,051 (26%)

2,648 (34%)
791 (10%)
97 (1.2%)

130 (4.6%)
400 (14%)
166 (5.9%)
120 (4.3%)
291 (10%)
31 (1.1%)
691 (25%)
93 (3.3%)
422 (15%)
234 (8.3%)
239 (8.5%)

648 (23%)
468 (17%)
958 (34%)
576 (20%)
167 (5.9%)

! values are given as number (percentage).
2 Determined at the later of listing date or simulation start.
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Table 3: Characteristics for the entire simulation
donor organ cohort. Kl includes counts for both left
and right kidneys.

L. Kl PA
Characteristic

N =15120!

N = 7331

Age
0-<18
18-<35
35-<50
50-<65
65+

Sex
Female
Male

BMI
<20
20-<25
25-<30
30-<35
35-<40
40+

Blood Type
A
AB
B
o]

KDPI
0-20%
>20-35%
>35-85%
>85-100%

795 (5.3%)
4,103 (27%)
4,689 (31%)
4,647 (31%)

886 (5.9%)

5,737 (38%)
9,383 (62%)

1,047 (6.9%)
3,905 (26%)
4,438 (29%)
2,998 (20%)
1,484 (9.8%)
1,248 (8.3%)

5,529 (37%)
557 (3.7%)
1,663 (11%)
7,371 (49%)

2,957 (20%)
2,196 (15%)
7,615 (50%)
2,352 (16%)

139 (19%)
485 (66%)
100 (14%)
9 (1.2%)
0 (0%)

208 (28%)
525 (72%)

101 (14%)
332 (45%)
239 (33%)
46 (6.3%)
13 (1.8%)
2 (0.3%)

276 (38%)
9(1.2%)
79 (11%)

369 (50%)

494 (67%)

144 (20%)

95 (13%)
0 (0%)

! values are given as number (percentage).
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6 Simulated Results

6.1 Overall Figures by Organ
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Percent of Organs Not Used by Organ Recovered
KI

¢ °

Percent of Recovered Organs

Historic Results
Historic Results

Scenar

o

Figure 1: Percent of Organs Not Used by Organ Recovered. Includes all organs that were recovered for
transplant.
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Unadjusted Transplant Rate by Waitlist Organ
KI

Historic Results

Transplants per Patient-Year
CSM: Tx-Only -

T
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Q
o
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2
T

CSM: Tx-Only -

Scenario
Figure 2: Unadjusted Transplant Rate by Waitlist Organ. Person-time is calculated in days for all candi-
dates from the start of their simulation period (simulation start or listing) to transplant, waitlist removal,
or simulation end.
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Median Sequence Number at Acceptance by Waitlist Organ
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Figure 3: Median Sequence Number at Acceptance by Waitlist Organ.
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Median Qualifying Time at Transplant by Waitlist Organ
KI

Historic Results -

Qualifying Time (Years)
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Figure 4: Median Qualifying Time at Transplant by Waitlist Organ. Qualifying time is time in years from
qualifying date to transplant date.
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Median Travel Distance by Waitlist Organ
KI
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Travel Distance (NM)
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Figure 5: Median Travel Distance by Waitlist Organ. Travel distance is between the donor hospital and
the transplant center, in nautical miles.
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Distribution of Travel Distance by Waitlist Organ
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Figure 6: Distribution of Travel Distance by Waitlist Organ. Travel distance is between the donor hospital
and the transplant center, in nautical miles.
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Percent of Recipients at Centers with OARs in Top 25th Percent by Waitlist Organ
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Figure 7: Percent of Recipients at Centers with OARs in Top 25th Percent by Waitlist Organ. OAR: offer
acceptance ratio.

page 37 of




OF
? BQ SCIENTIFIC REGISTRY oF HRSA Contract # HHSH75R60220C00011 COR: Shannon Dunne, |D
1

TRANSPLANT RECIPIENTS
B —

Percent of Recipients Whose Organ Traveled More Than 250 Nautical Miles with cPRA

>99.9+ by Waitlist Organ
Kl KP

o
o
L

°
~
L

CSM: Tx-Only -@

Percent of Recipients
P
o

Historic Results

CSM: Tx-Only -

T
%)
=
>
7
Q
o
2
=
[=]
=
2
T

Scenario

Figure 8: Percent of Recipients Whose Organ Traveled More Than 250 Nautical Miles with cPRA >99.9+ by
Waitlist Organ. Travel distance is between the donor hospital and the transplant center, in nautical miles.
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Percent of Pediatric Recipients Whose Organ Traveled More Than 250 Nautical Miles
by Waitlist Organ
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Figure 9: Percent of Pediatric Recipients Whose Organ Traveled More Than 250 Nautical Miles by Waitlist
Organ. Travel distance is between the donor hospital and the transplant center, in nautical miles.
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6.2 Kidney Alone

6.2.1 Percent of Kidneys Not Used by Donor Characteristics
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Percent of Kidneys Not Used by KDPI
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Figure 10: Percent of Kidneys Not Used by KDPI. Includes all kidneys that were recovered for transplant.
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Percent of Kidneys Not Used by KDRI
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Historic Results

Historic Results 4
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Figure 11: Percent of Kidneys Not Used by KDRI. Includes all kidneys that were recovered for transplant.
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Percent of Kidneys Not Used by Age
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Figure 12: Percent of Kidneys Not Used by Age. Includes all kidneys that were recovered for transplant.
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Figure 13: Percent of Kidneys Not Used by Height. Includes all kidneys that were recovered for transplant.
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Figure 14: Percent of Kidneys Not Used by Weight. Includes all kidneys that were recovered for transplant.
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Figure 15: Percent of Kidneys Not Used by History of Hypertension. Includes all kidneys that were recov-
ered for transplant.
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Figure 16: Percent of Kidneys Not Used by History of Diabetes. Includes all kidneys that were recovered
for transplant.
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Figure 17: Percent of Kidneys Not Used by Cause of Death. Includes all kidneys that were recovered for
transplant.
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Figure 18: Percent of Kidneys Not Used by Serum Creatinine. Includes all kidneys that were recovered for
transplant.
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Figure 19: Percent of Kidneys Not Used by DCD Status. Includes all kidneys that were recovered for
transplant.
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6.2.2 Kidney Adjusted Transplant Rate by Candidate Characteristics

6.2.2.1 Overall Model Diagnostics For kidney an adjusted rate model was fit at each
scenario/iteration and the overall model diagnostics for each scenario are shown in Fig-
ure @ The adjusting factors are age at listing, cPRA, qualifying time, OPTN region, and
blood type. These figures are meant to be a check of the overall rate model quality, be-
fore using those models to calculate by group rates using standarization. These figures
are not meant to be used for scenario selection directly but rather to look for potential
deficiencies in the simulated outcomes of the scenarios.
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Figure 20: Diagnostics Results. Kidney adjusted transplant rate model with adjusting factors: age at listing,
cPRA, qualifying time, OPTN region, and blood type.
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Figure 21: Adjusted Rate Model Results.

6.2.2.2 Coefficient-Level Diagnostics The following figures show the coefficient esti-
mate and P-value at the covariate level for each of the adjusting factors for further detail
about the quality of the adjusted rate models. For example, a scenario that calculates
both positive and negative coefficient values across iterations might be an indication that
the resulting rates calculated for that scenario should not be trusted.
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Figure 22: Adjusted Rate Model Results.
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Figure 23: Adjusted Rate Model Results.
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Figure 24: Adjusted Rate Model Results.
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Figure 25: Adjusted Rate Model Results.
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Figure 26: Adjusted Rate Model Results.
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Figure 27: Adjusted Rate Model Results.
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Figure 28: Adjusted Rate Model Results.
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Figure 29: Adjusted Rate Model Results.
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Figure 30: Adjusted Rate Model Results.
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Figure 31: Adjusted Rate Model Results.
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Figure 32: Adjusted Rate Model Results.
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6.2.2.3 Kidney Adjusted Transplant Rates Basic diagnostics of the adjusted rate
models were shown in the last section. Here the adjusted rate models are used to calcu-
late adjusted rates via the standardization process.
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Figure 33: Kidney Adjusted Transplant Rate by Age. Kidney adjusted transplant rate model with adjusting
factors: age at listing, cPRA, qualifying time, OPTN region, and blood type. Person-time is calculated in
days for all candidates from the start of their simulation period (simulation start or listing) to transplant,
waitlist removal, or simulation end. Age at listing.
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Figure 34: Kidney Adjusted Transplant Rate by cPRA. Kidney adjusted transplant rate model with adjusting
factors: age at listing, cPRA, qualifying time, OPTN region, and blood type. Person-timeis calculated in days
for all candidates from the start of their simulation period (simulation start or listing) to transplant, waitlist
removal, or simulation end. cPRA is at the last value the candidate had prior to the simulation start or their
value at listing.
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Figure 35: Kidney Adjusted Transplant Rate by Qualifying Time. Kidney adjusted transplant rate model
with adjusting factors: age at listing, cPRA, qualifying time, OPTN region, and blood type. Person-time is
calculated in days for all candidates from the start of their simulation period (simulation start or listing) to
transplant, waitlist removal, or simulation end. Qualifying time is time in years from qualifying date to the
start of their simulation period or 0 if listed during the simulation period.
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Figure 36: Kidney Adjusted Transplant Rate by OPTN Region. Kidney adjusted transplant rate model
with adjusting factors: age at listing, cPRA, qualifying time, OPTN region, and blood type. Person-time is
calculated in days for all candidates from the start of their simulation period (simulation start or listing) to
transplant, waitlist removal, or simulation end.
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Figure 37: Kidney Adjusted Transplant Rate by OPTN Region. Kidney adjusted transplant rate model
with adjusting factors: age at listing, cPRA, qualifying time, OPTN region, and blood type. Person-time is
calculated in days for all candidates from the start of their simulation period (simulation start or listing) to
transplant, waitlist removal, or simulation end.
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Figure 38: Kidney Adjusted Transplant Rate by Blood Type. Kidney adjusted transplant rate model with
adjusting factors: age at listing, cPRA, qualifying time, OPTN region, and blood type. Person-time is cal-
culated in days for all candidates from the start of their simulation period (simulation start or listing) to
transplant, waitlist removal, or simulation end.
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6.2.3 Other Simulated Metrics
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Figure 39: Median Travel Distance By Donor KDPI. Travel distance is between the donor hospital and the
transplant center, in nautical miles.
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Figure 40: Median KDPI By EPTS.
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6.2.4 Posttransplant
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Figure 41: 1-Year Graft Failure Percent By Recipient Age.
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Figure 42: 10-Year Graft Failure Percent By Recipient Age.
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6.3 Pancreas Alone

6.3.1 Percent of Pancreas Not Used by Donor Characteristics
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Figure 43: Percent of Pancreas Not Used by Age. Includes all pancreas that were recovered for transplant.
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Figure 44: Percent of Pancreas Not Used by BMI. Includes all pancreas that were recovered for transplant.
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Figure 45: Percent of Pancreas Not Used by DCD Status. Includes all pancreas that were recovered for

transplant.

page 81 of




OF
?g 'SFELEQ'\;-;LIZISTR EREICSIIIIFET\I'E HRSA Contract # HHSH75R60220C00011 COR: Shannon Dunne, |D
1

6.3.2 Pancreas Adjusted Transplant Rate by Candidate Characteristics

For pancreas an adjusted rate model was fit at each scenario/iteration and the overall
model diagnostics for each scenario are shown in Figure @ The adjusting factors are
age at listing, cPRA, qualifying time, and blood type. These figures are meant to be a
check of the overall rate model quality, before using those models to calculate by group
rates using standarization. These figures are not meant to be used for scenario selection
directly but rather to look for potential deficiencies in the simulated outcomes of the
scenarios.

Given the results below, in particular in the coefficient level diagnostics (Figure @
to Figure @), it is clear this adjusted rate model is not a good fit to the data for the
historical results. For nearly every covariate level, the historical coefficient estimate was
essentially zero-indicating the adjusting factors are not associated with the observed
waitlist outcomes. Given this, we will not be presenting adjusted rates for pancreas.

6.3.2.1 Overall Model Diagnostics
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Figure 46: Diagnostics Results.
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Figure 47: Adjusted Rate Model Results.
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Figure 48: Adjusted Rate Model Results.
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Figure 49: Adjusted Rate Model Results.
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Figure 50: Adjusted Rate Model Results.
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Figure 51: Adjusted Rate Model Results.
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Figure 52: Adjusted Rate Model Results.
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Figure 53: Adjusted Rate Model Results.
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Figure 54: Adjusted Rate Model Results.
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6.3.2.3 Pancreas/Kidney-Pancreas Adjusted Transplant Rates As noted in ”
creas Adjusted Transplant Rate by Candidate Characteristics”, the given adjusting factors
were not good predictors for the waitlist outcomes and in turn we are not presenting ad-

justed transplant rates for pancreas.
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6.4 Primary Assessment Metrics Based on Modeling/Assumptions

6.4.1 Kidney
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Figure 55: Percent of Kidneys Not Used by KDPI and Policy Era. Includes all kidneys that were recovered
for transplant.
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Figure 56: Percent of Kidneys Not Used by KDRI and Policy Era. Includes all kidneys that were recovered
for transplant.
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Figure 57: Percent of Kidneys Not Used by Height and Policy Era. Includes all kidneys that were recovered
for transplant.
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Figure 58: Percent of Kidneys Not Used by Weight and Policy Era. Includes all kidneys that were recovered
for transplant.
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Figure 59: Percent of Kidneys Not Used by History Of Hypertension and Policy Era. Includes all kidneys
that were recovered for transplant.
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Figure 60: Percent of Kidneys Not Used by History Of Diabetes and Policy Era. Includes all kidneys that

were recovered for transplant.
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Figure 61: Percent of Kidneys Not Used by Cause Of Death and Policy Era. Includes all kidneys that were
recovered for transplant.
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Figure 62: Percent of Kidneys Not Used by Serum Creatinine and Policy Era. Includes all kidneys that were
recovered for transplant.
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6.4.2 Pancreas
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Figure 63: Percent of Pancreas Not Used by KDPIl and Policy Era. Includes all pancreas that were recovered
for transplant.
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Figure 64: Percent of Pancreas Not Used by KDRI and Policy Era. Includes all pancreas that were recovered
for transplant.
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Figure 65: Percent of Pancreas Not Used by Height and Policy Era. Includes all pancreas that were recov-
ered for transplant.

page 105 of




OF
? BQ irf;lxil,;;:j:lgTREnzlcslglr:l(\lE HRSA Contract # HHSH75R60220C00011 COR: Shannon Dunne, |D
1

Percent of Pancreas Not Used by Weight and Policy Era
<50 kg 50-<100

i

A

IR
++ * N +*¢A¢A

Policy_Era

100-<150 B Kas
4 Kas 250

Percent of Recovered Pancreas

[
>

T T
%) %)
= =
> >
7] 0
Q o}
24 o
Q 2
= =
[=] =]
= =
] R
T T

Scenal

=
o

Figure 66: Percent of Pancreas Not Used by Weight and Policy Era. Includes all pancreas that were recov-
ered for transplant.

page 106 of




OF
? BQ irfl\fﬂ,\;;:j:lgTRER?CSI;Ir:l(\lE HRSA Contract # HHSH75R60220C00011 COR: Shannon Dunne, |D
1

Percent of Pancreas Not Used by History Ot Hypertension and Policy

L[=1

No History 0-5 Years

A
aana

6-10 Years >10 Years

e

Policy_Era
B Kas
4 Kkas 250

Percent of Recovered Pancreas

Yes, Unknown Duration Unknown

Historic Results
Historic Results

Scenario

Figure 67: Percent of Pancreas Not Used by History Of Hypertension and Policy Era. Includes all pancreas
that were recovered for transplant.

page 107 of




OF
? BQ ir({:/I\E\l';-I;LTISTR EREICSIIIIFET\IE HRSA Contract # HHSH75R60220C00011 COR: Shannon Dunne, |D
1

Percent of Pancreas Not Used by History Of Diabetes and Policy Era
No History 0-5 Years

HAENA HAEA

by

u,

pase

Policy_Era

6-10 Years Unknown * KAS
4 Kkas 250

Percent of Recovered Pancreas

Historic Results
Historic Results

Scenario

Figure 68: Percent of Pancreas Not Used by History Of Diabetes and Policy Era. Includes all pancreas that
were recovered for transplant.
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Figure 69: Percent of Pancreas Not Used by Cause Of Death and Policy Era. Includes all pancreas that

were recovered for transplant.
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Figure 70: Percent of Pancreas Not Used by Serum Creatinine and Policy Era. Includes all pancreas that
were recovered for transplant.
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6.5 Secondary Assessment Metrics Based on Research Questions

6.5.1 Kidney Unadjusted Transplant Rates and Cumulative Incidence
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Figure 71: Kidney Unadjusted Transplant Rate by Sex. Person-time is calculated in days for all candidates
from the start of their simulation period (simulation start or listing) to transplant, waitlist removal, or
simulation end.

page 112 of




OF
? BQ ir({:l\il';;:_lzl\clzTR EREICSIIIIFET\I'E HRSA Contract # HHSH75R60220C00011 COR: Shannon Dunne, |D
1

Kidney Unadjusted Transplant Rate by Race

TQ °

Multi-racial

Native American Pacific Islander

Transplants per Patient-Year

Historic Results 1@
CSM: Tx-Only 41 @
Historic Results 4
CSM: Tx-Only -

Scenar
Figure 72: Kidney Unadjusted Transplant Rate by Race. Person-time is calculated in days for all candidates
from the start of their simulation period (simulation start or listing) to transplant, waitlist removal, or
simulation end.
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Figure 73: Kidney Unadjusted Transplant Rate by Ethnicity. Person-time is calculated in days for all candi-
dates from the start of their simulation period (simulation start or listing) to transplant, waitlist removal,
or simulation end.
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Figure 74: Kidney Unadjusted Transplant Rate by Age. Person-time is calculated in days for all candidates
from the start of their simulation period (simulation start or listing) to transplant, waitlist removal, or
simulation end.
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Figure 75: Kidney Unadjusted Transplant Rate by Rural/Urban. Person-time is calculated in days for all
candidates from the start of their simulation period (simulation start or listing) to transplant, waitlist re-
moval, or simulation end.
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Figure 76: Kidney Unadjusted Transplant Rate by Geography. Person-time is calculated in days for all can-
didates from the start of their simulation period (simulation start or listing) to transplant, waitlist removal,
or simulation end.
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Figure 77: Kidney Unadjusted Transplant Rate by Geography. Person-time is calculated in days for all can-
didates from the start of their simulation period (simulation start or listing) to transplant, waitlist removal,
or simulation end.
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Figure 78: Kidney Unadjusted Transplant Rate by cPRA. Person-time is calculated in days for all candidates
from the start of their simulation period (simulation start or listing) to transplant, waitlist removal, or
simulation end.
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Figure 79: Kidney Unadjusted Transplant Rate by Blood Type. Person-time is calculated in days for all can-
didates from the start of their simulation period (simulation start or listing) to transplant, waitlist removal,
or simulation end.
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Figure 80: Kidney Unadjusted Transplant Rate by EPTS. Person-time is calculated in days for all candidates
from the start of their simulation period (simulation start or listing) to transplant, waitlist removal, or
simulation end.
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Figure 81: Kidney Unadjusted Transplant Rate by Time On Dialysis Groups. Person-time is calculated in
days for all candidates from the start of their simulation period (simulation start or listing) to transplant,
waitlist removal, or simulation end.
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Figure 82: Kidney Unadjusted Cumulative Incidence of Death by Sex. Person-time is calculated in days for
all candidates from the start of their simulation period (simulation start or listing) to transplant, waitlist
removal, or simulation end.
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Figure 83: Kidney Unadjusted Cumulative Incidence of Death by Race. Person-time is calculated in days
for all candidates from the start of their simulation period (simulation start or listing) to transplant, waitlist
removal, or simulation end.
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Figure 84: Kidney Unadjusted Cumulative Incidence of Death by Ethnicity. Person-time is calculated in
days for all candidates from the start of their simulation period (simulation start or listing) to transplant,
waitlist removal, or simulation end.
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Figure 85: Kidney Unadjusted Cumulative Incidence of Death by Age. Person-time is calculated in days for
all candidates from the start of their simulation period (simulation start or listing) to transplant, waitlist
removal, or simulation end.
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Kidney Unadjusted Cumulative Incidence of Death by Rural/Urban
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Figure 86: Kidney Unadjusted Cumulative Incidence of Death by Rural/Urban. Person-time is calculated
in days for all candidates from the start of their simulation period (simulation start or listing) to transplant,
waitlist removal, or simulation end.
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Kidney Unadjusted Cumulative Incidence of Death by Geography
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Figure 87: Kidney Unadjusted Cumulative Incidence of Death by Geography. Person-time is calculated in
days for all candidates from the start of their simulation period (simulation start or listing) to transplant,
waitlist removal, or simulation end.
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Figure 88: Kidney Unadjusted Cumulative Incidence of Death by Geography. Person-time is calculated in
days for all candidates from the start of their simulation period (simulation start or listing) to transplant,
waitlist removal, or simulation end.
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Figure 89: Kidney Unadjusted Cumulative Incidence of Death by CPRA. Person-time is calculated in days
for all candidates from the start of their simulation period (simulation start or listing) to transplant, waitlist
removal, or simulation end.
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Kidney Unadjusted Cumulative Incidence of Death by Blood Type
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Figure 90: Kidney Unadjusted Cumulative Incidence of Death by Blood Type. Person-time is calculated in
days for all candidates from the start of their simulation period (simulation start or listing) to transplant,
waitlist removal, or simulation end.
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Figure 91: Kidney Unadjusted Cumulative Incidence of Death by EPTS. Person-time is calculated in days
for all candidates from the start of their simulation period (simulation start or listing) to transplant, waitlist
removal, or simulation end.
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Figure 92: Kidney Unadjusted Cumulative Incidence of Death by Time On Dialysis Groups. Person-time is
calculated in days for all candidates from the start of their simulation period (simulation start or listing) to
transplant, waitlist removal, or simulation end.
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6.5.2 Kidney Match-Run Results
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Figure 93: Kidney Median Sequence Number at Acceptance by KDPI.
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Figure 94: Kidney Median Center Number at Acceptance by KDPI.
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6.5.3 Pancreas/Kidney-Pancreas Unadjusted Transplant Rates
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Figure 95: Pancreas Unadjusted Transplant Rate by Geography. Person-time is calculated in days for
all candidates from the start of their simulation period (simulation start or listing) to transplant, waitlist
removal, or simulation end.
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Pancreas Unadjusted Transplant Rate by Geography
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Figure 96: Pancreas Unadjusted Transplant Rate by Geography. Person-time is calculated in days for
all candidates from the start of their simulation period (simulation start or listing) to transplant, waitlist
removal, or simulation end.
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Figure 97: Pancreas Unadjusted Transplant Rate by Age. Person-time is calculated in days for all candi-
dates from the start of their simulation period (simulation start or listing) to transplant, waitlist removal,
or simulation end.
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Figure 98: Pancreas Unadjusted Transplant Rate by Race. Person-time is calculated in days for all candi-
dates from the start of their simulation period (simulation start or listing) to transplant, waitlist removal,
or simulation end.
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Figure 99: Pancreas Unadjusted Transplant Rate by Ethnicity. Person-time is calculated in days for all can-
didates from the start of their simulation period (simulation start or listing) to transplant, waitlist removal,
or simulation end.
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Figure 100: Pancreas Unadjusted Transplant Rate by Sex. Person-time is calculated in days for all candi-
dates from the start of their simulation period (simulation start or listing) to transplant, waitlist removal,
or simulation end.
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7 Appendix

7.1 Penalized Regression Model Building Report Outline

All models described in the “Potential Utilization Modeld” and “Potential Acceptance Mod

@” sections will be built following the same penalized regression process and will share
the common outline below for model building diagnostics.

7.1.1 Background
7.1.2 Dataset Description
*+ For each subgroup:

- Distribution of calculated values by dataset
* For example, offer distance

- Additional background figures

7.1.3 Model Building

Methods description.

Diagnostic Figures

+ For each subgroup:

- Figure 1: Penalized regression solution paths by dataset
Figure 2: Cross-validation paths by dataset
Figure 3: Predicted probability by dataset
Figure 4: Calibration by dataset
Figure 5: ROC curves by dataset
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7.2 KI2022 01 Submodels

7.2.1 History Generation

Transplant recipients in the historical cohort do not have a complete history from the
standpoint of the simulation. Through simulation we hope to create novel match runs,
so transplant recipients require a waitlist history for the simulation period after their
transplant: a model of what would have happened had they not received a transplant.

Histories were generated for candidates who underwent transplant with an organ
from a deceased donor allocated through the OPTN process. Living donor recipients and
those who underwent transplant in another country did not have histories generated; in
the simulation they were removed from the list at their time of transplant like any other
removal. The availability of living donors and foreign transplants are external to the
simulated system.

Each listing for recipients who were listed at multiple centers was treated indepen-
dently. Each will have a history generated based on the last records available for the
listing of each center; although this is the same individual, the value for each of their
records at the two (or more) centers are not required to match.

There are two time-varying fields important for allocation policies in this simulation
analysis: cPRA and EPTS.

cPRA is updated when the candidate’s transplant center enters new unacceptable
antigen information. For this history generation model, we assumed that candidates
who received a transplant had an already advantageous cPRA value and so their trans-
plant programs did not make any updates to their unacceptable antigen information.
That is, the recipients keep their cPRA value at transplant.

Raw EPTS is calculated as:

Raw EPTS = 0.047 * max(Age — 25, 0) -

.015 * Diabetes * max(Age - 25, 0) +

.398 * Prior Solid Organ Transplant -

.237 * Diabetes * Prior Organ Transplant +
.315 * log(Years on Dialysis + 1) -

.099 * Diabetes * log(Years on Dialysis + 1) +
.130 * (Years on Dialysis = 0) -

.348 * Diabetes * (Years on Dialysis = 0) +
.262 * Diabetes

_ O O O O O O O

For the purpose of calculating EPTS in a generated patient history, we assumed Di-
abetes and Prior Organ Transplant statuses do not change. Given this, the only values
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that changed were Years on Dialysis and Age. The Raw EPTS was simply calculated every
day of the simulation period posttransplant.

Waitlist removal was modeled with a matching algorithm. An attempt was made to
match each transplant recipient to a candidate who did not receive a transplant during
the cohort period; potential candidates were removals from the list or those who were
still waiting. The matching was based on:

* Kidney:

Gender

Age at listing +/- 5 years of transplanted candidate

Waitlist organ

At least 80% of the waiting time as the transplanted candidate

+ Pancreas and Kidney-Pancreas

- Gender
- Age at listing +/- 10 years of transplanted candidate
- Waitlist organ

After matching to create a group of potential candidates and checking that there
were at least 10 unique candidates, a single candidate and date on their waitlist history
that met the criteria were randomly selected. This sampled waitlist history was then ap-
plied to the transplant recipient at their transplant date. If this sampled removal history
was:

« still waiting on the list historically, then the transplant recipient did not have a
generated removal;

« removed historically, but not within the remaining simulation period, then the
transplant recipient did not have a generated removal; or

« removed within the remaining simulation period, then the transplant recipient
had a generated removal of the same reason as the selected candidate.

After the matching algorithm, there may be recipients who could not be matched
based on too few matching records. These recipients will be assumed to remain on the
list for the entire simulation period.
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7.2.2 Donor Arrival Generation

Novel simulated match runs are created in part via randomization of the donated organ
arrivals. We used a sampling approach to create different simulation iterations based
on donor arrival date. All donors were sampled as follows:

+ The donor arrival dates were sampled without replacement; reshuffling the donor
arrival dates. This was used for four simulation iterations, and was intended to
closely match the historical record.

The donor arrival dates were sampled with replacement. This was used for three
iterations, and was intended to broaden the range of possible match runs.
Donor arrival dates were sampled uniformly from the entire cohort period. This
was used for three iterations, and was intended to create more variability. This
sampling scheme may “smooth out” trends for donor arrival.

7.2.3 Posttransplant Models

Each simulation produces a unique group of patients who undergo transplant, some of
whom may not have yet received a transplant in reality. To represent posttransplant
outcomes in these simulated groups of transplant recipients, predicted probabilities at
1 year and 10 years posttransplant of all-cause graft-failure and of death after transplant
were estimated with Cox proportional hazards survival models.

Patients who underwent transplant between January 1, 2007, and November 2, 2021,
were included in the cohort to fit the survival models. Patients were followed until the
earliest of graft failure, death, or November 2, 2021. Patients who did not experience
death or graft failure were assumed alive until November 2, 2021, even if their date of
last follow-up was prior to November 2, 2021. Living donor transplants were excluded.

Separate models were fit for four different outcomes:

1. Kidney graft failure, including patient death. This outcome is defined as the
earliest of death, relisting, retransplant, resuming dialysis, or center-reported
graft failure.

. Kidney recipient death.
. Pancreas graft failure, including patient death. This outcome is defined as the

earliest of death, relisting, or retransplant as there has only recently been a con-
sistent OPTN definition of graft failure.
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4. Pancreas recipient death.

The model cohort was splitinto an 80% training dataset and a 20% validation dataset.
Elastic net Cox proportional hazards models with alpha of 0.99999 were fit with the 80%
training dataset for variable selection. Variables identified from program-specific reports
as predicting graft failure or death, and additional variables hypothesized to be associ-
ated with these outcomes, were included. Models were be stratified on demographic or
clinical predictors with evidence of violating the proportional hazards assumption to the
extent possible. Continuous variables were transformed with linear splines. After vari-
able selection with the elastic net models, center-level random effects were estimated
with a Cox proportional hazards frailty model with an offset for the linear predictor from
the elastic net model.

The linear predictor from the elastic net models and the center-level random effect
were used to predict the probability of an outcome at 1 year and 10 years posttransplant.
For each model, strata-specific baseline cumulative hazards at 1 year and 10 years post-
transplant were estimated, multiplied by the patient-level linear predictor and center-
level random effect, and transformed to a probability of event at 1 year or 10 years
posttransplant for each patient. Using the 20% validation dataset, the sum of the prob-
abilities of events from the models was compared to the observed number of events
to estimate a multiplier for adjusting the baseline hazard. For example, if there were
120 predicted events, but only 100 observed events, the multiplier (or divisor)is 1.2, and
each individual probability is divided by 1.2 to bring the baseline percents closer to those
observed in reality.

For the simulated transplants, individual-level probabilities were estimated using the
model parameters and divided by the multipliers. These individual-level probabilities
were averaged across population subgroups of interest and multiplied by 100 to get the
predicted percent of patients within a subgroup that would experience the event by 1
year or 10 years posttransplant.
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1 Introduction

OASim offers a robust set of tools that can be used to simulate many aspects of the organ
allocation system (OAS) as it processes through a sequence of donors and candidate
events. The framework of OASim may also be applicable to other systems that involve a
queue along with rules for sorting the queue, but we investigate only matters related to
organ allocation.

Given the robust nature of the software, a wide range of research questions can be
investigated. Here we discuss possibilities and considerations when designing simula-
tion studies.

2 Background: The Organ Allocation System

The OAS includes all aspects of the process of allocating donated organs to individuals
who are waiting to receive a transplant. There are two main populations of people in-
volved in this process: those waiting for an organ and those who have donated an organ
(see Figure ). In the figure, those who go on to wait for an organ are shown
on the left track and those who donate an organ after death are shown on the right.

Starting from the general population, some individuals will develop disease that has
the possibility of transplant as a treatment. Of these individuals, some will go on to re-
ceive treatment for the condition. As a part of their treatment, some may be referred
for evaluation for transplant; of these individuals, some will ultimately be listed for trans-
plant (that is, they will be added to an organ transplant waiting list). The population of
individuals who have been listed and are waiting for a transplant are referred to as “can-
didates.”
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Figure Methods 1: Entire Transplant Process
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Starting again from the general population, some individuals will be in a state of
imminent death from disease or injury. Of these, some are at a hospital and able to be
evaluated for potential donation of their organs. Of those individuals who have at least
one organ that is a viable option for deceased donor transplant, some will have agreed
to donation and go on to have the organ(s) recovered in preparation for allocation to an
individual waiting for an organ (ie, a candidate).

At this point in the process, a match run (MR) can be performed; this is the sorting
of a group of candidates into priority order for a given donated organ. The process sorts
the candidates based on an allocation policy defined by Organ Procurement and Trans-
plantation Network (OPTN) committees under the Final Rule. After the sorted results
of the MR have been determined, the organ is offered to each candidate in order. The
first candidate on the list (in concert with their treatment center) then has the option
to accept the donated organ. If they choose to accept the organ, their transplant can
proceed. If they decline the donated organ, it will be offered to the next candidate on
the sorted MR list. If all candidates on the MR have declined the organ, it will not be used
(nonuse)@.

For some organs (eg, kidney), living donation is an additional pathway to transplant.
In this process, candidates do not take part in MRs for donated organs but instead make
arrangements for a living donor transplant.

Following transplant of either a deceased or living donor organ, individuals transi-
tion from being transplant candidates to “recipients,” and their new organ is referred to
as a “graft.” This population may live with a functioning graft until death caused by injury
or any other disease. These recipients may even have organ failure in other organs and
repeat this same process for the additional organ. This same population may develop
disease of their transplanted organ (failed graft). Those with graft failure have now tran-
sitioned back to the disease population at the top of the figure. Those who have rejoined
the disease population may repeat the transplant candidate process as described above;
in this case they are referred to as “re-listed candidates.”

2.1 The Portion Modeled by OASIim

The entire OAS is a broad system, and OASim focuses on a section of the overall pro-
cesses (see Figure ). The focus of OASIm is on studying the allocation of do-
nated organs with the MR process being the main step where this occurs. To this end,
the simulation process starts at the point where candidates and recovered organs have

®Note: Declines by all candidates is not the sole reason for nonuse of a donated organ, but for simplicity it is the most
relevant reason for the simulated environment.

page 151 of



https://optn.transplant.hrsa.gov/members/committees/
https://optn.transplant.hrsa.gov/members/committees/

OF
? g irf;il'\;;:_;ll\cl}n EREICSI;IZT\I'E HRSA Contract # HHSH75R60220C00011 COR: Shannon Dunne, |D
1

Figure Methods 2: OASim Domain

already been identified; or, said another way, OASim takes as input a population of can-
didates and recovered organs.
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3 Organ Allocation Simulation

3.1 WhatIs OASim?

This section of the document is based on sections 1-3 in the entry “Computer Simulations
in Science” from the Stanford Encyclopedia of Philosophy (Winter 2019 Edition). Here we
summarize and describe the frameworks laid out in the encyclopedia entry specifically
in terms of the OAS and OASim to answer this question: What is OASim?

3.1.1 A Narrow Definition

In a narrow sense, OASIim is a computer program that uses step-by-step methods to ex-
plore the approximate behavior of the OAS (or more generally any system with a queue,
sorting rules, and events that trigger the sorting). Given the state of the OAS at some ini-
tial time t, OASIim uses a set of rules and instructions to calculate the state at t+1; from
the state at t+1 it uses the rules to calculate the state at t+2, and so on. The step-by-step
processing is a natural choice for the OAS because the system is largely recorded as a
sequence of discrete events (eg, a candidate visits a clinic and has lab values updated, a
candidate applies for and receives an exception, a donated organ arrives). The algorithm
produces a numerical history of the evolution of the system'’s state where the resultant
“data” are meant to mimic a numerical history of the actual OAS.

From a user’s point of view, this would be a situation where they have installed the
OASim software and created all of their own input data and configuration files.

3.1.2 A Broad Definition

A broader definition of OASIim may refer to the entire process of an OASim study; it is
a comprehensive method for studying the OAS. In this framing, the narrow definition
above is only a part of OASIim, with all inputs and parameter settings that are processed
by the computer program along with the presentation and study of the simulated data
making up the rest of OASim. From a user’s point of view, this would be a situation where
they have installed the OASim software along with a set of input files that represent more
aspects of the OAS (Figure ). As an example, the population of candidates is
represented by a dataset derived from historical records, and a statistical distribution is
used to randomize when the candidates arrive.
This comprehensive method for studying the OAS may include:

+ Choosing and accessing appropriate models to represent different components
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of the OAS (eg, statistical models of candidate acceptance decisions or input data
randomization models)
+ Implementing the components of the OAS as a computer program:

the statistical and data models associated with representing the OAS in a
mathematical setting

parameters that represent the allocation rules of the OAS

instructions that control the computer program as it progresses through
the sequence of events

* Running the “simulation” in the narrow sense of the definition above in order to
create the simulated data

+ Presenting and analyzing the resultant “data” to draw conclusions about the sys-
tem

3.2 Types of Simulation in OASim

OASiIm allows for multiple types of simulation to be implemented. Here we discuss dif-
ferent simulation types and how they may be present in an OASim investigation.

Equation-Based
We do not believe that any components of OASIim can be described as equation-based.

Agent-Based

In an agent-based simulation, each individual is modeled and has their own set of rules
that govern their behavior. This is the only type of simulation that is guaranteed in ev-
ery OASIm study; donors and candidates are modeled at the individual (agent) level and
have a set of rules that govern how they interact. Each candidate is represented as a
dataset and each row in that dataset represents an event related to that candidate; as
the simulation progresses, the population of candidates is updated one at a time for
each candidate and each of their events. Similarly, each donor is represented as a row
of a dataset and are processed one at a time; as the simulation processes a donor event,
an MR is created and can be offered to candidates at the level of an individual candidate
and individual donor.

Multiscale
Multiscale simulations combine models at different scales of description. An OASim sim-
ulation may incorporate models that operate at different scales. As has already been
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discussed, modeling is required at the individual candidate and donor levels of the sys-
tem, but OASIim allows for a broad range of calculation and there is potential for models
to apply to groups of candidates-say, at the transplant-center level.

Monte Carlo

Monte Carlo simulations use randomness to calculate properties of a system, but the
randomness itself is not under investigation. OASim offers a number of tools for stochas-
ticity, and this may be an important feature of a simulation study design. For example,
by randomizing the arrivals of the candidates in an OASim dataset, novel MRs can be cre-
ated for a simulation. OASIim also offers random number generators along with a rich
expression syntax, so the options for introducing Monte Carlo techniques in a simulation
study are very expansive.

3.2.1 Models in OASIim

The types of simulation described above are implemented in OASim via models of the
OAS (see Figure Methods 3). As mentioned, all OASIm designs will involve some agent-

based elements; models for randomized arrivals, as well as calculation of the MR, cer-
tainly happen at the individual agent level. Other models may be based on elements
derived from the population level; the placement mechanism or history generation may
be of this type. Stochasticity may be introduced into virtually any element of the OASIm
design; the randomized arrival model is a direct example of this type.

3.3 Why Simulate Organ Allocation

Heuristic Purposes
In this view of simulations, the point is to help understand the operation of the system,
either for a broader public audience or for researchers within the transplant discipline.

Prediction

Here simulations are run in order to create data that we do not have access to. This is
anticipated to be the main use for the OASIim system. Simulating a change in allocation
policy is a question of this type; the only data we have access to are historical records
based on the existing allocation policy. Because of the nature of the policy, experimen-
tation is not an option, so simulation may be used as a means to create scenarios within

7Note, this framing of models is not the only way the system could be described:; it is representative of our understanding
of most analyses of the OAS. This framing is shown to help describe the simulation system and OASim and represent our
understanding of both, but it is not meant to say this is the only framing possible.
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Figure Methods 3: Annotated OASim Domain. Tx, transplant.

an OAS that cannot be observed in reality.

Understand the System and Its Behavior

Simulation studies of this type could be used to help understand how a current state of
the OAS arrived, or what impacted the state. For example, if there is a variation in some
metric across the country, a range of simulations could be run to help understand which
components would contribute to this outcome.
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4 Types of Questions

The OASIim framework is robust and allows a wide range of features of the OAS to be
modeled and, in turn, allows for a wide range of questions to be investigated. In this
section we discuss a number of questions that might be investigated using OASIim. This is
not meant to be an exhaustive list, and these techniques may, of course, be implemented
together.

4.1 Past Simulation Studies of Organ Allocation

Historically, simulation studies of organ allocation undertaken by OPTN committees and
the Scientific Registry of Transplant Recipients (SRTR) have used the simulated allocation
models (SAMs) software. Here we will briefly describe features of historical simulation
study designs, because they are well known to researchers in the field, are fairly con-
strained in scope and we anticipate future OASim studies will incorporate many of these
features.

The main questions asked historically have related to changes in allocation policy.
To address these questions, the studies have compared simulations run under different
rules for organ allocation while keeping all other input data and settings the same be-
tween simulations. Data used to create models and run the simulation were drawn from
SRTR, and the data available in the registry set boundaries on the domain of the simula-
tion analysis. With this framework, the potential allocation rules are compared against
the current allocation policy under a framework that is meant to mimic a given histori-
cal period as closely as possible. The simulations were backwards looking and created a
predictive type of analysis. However, because the data conditions of the simulation were
trained and tuned to historical data, the predictions are of a counterfactual nature and
best described as predictions of what would have happened in the historical era under
different (counterfactual) allocation policies.

An important component of the historical SAMs studies involved creating simulated
data results across a range of potential historical possibilities. This was achieved by way
of creating multiple input candidate and donor datsets sampled from historical data. The
sampling was done to create randomized arrival times for both candidates and donors
in order to create novel MRs that did not actually occur historically. This framework
requires an assumption that the arrival of candidates and donors does not depend on
the characteristics of the individuals; their arrivals are essentially random and so the
reordering is thought to create valid counterfactual MRs. This randomization process
was repeated a number of times to create a range of input datasets; these can be called
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“iterations.” The simulation results using the range of input dataset iterations were then
treated as if they were sampled from a larger distribution (of hypothetical potential MRs)
and summary values were averaged across the iterationstd,

This randomization of candidate and donor arrivals can be described as introducing
a Monte Carlo aspect to the simulation, because the randomization of the arrivals is not
under investigation in its own right. The stochasticity was only introduced in order to
help calculate summary values (between different allocation policies) across hypothetical
datasets.

Each allocation policy scenario under review for the study took the same randomized
datasets described above as inputs. Another component of the SAMs models that intro-
duced a stochastic element was the “acceptance model,” which was used to determine
which (if any) candidate on the MR received a donated organ. This was implemented in
such a way where an acceptance probability in (0, 1) was calculated based on a formula
of a single candidate and donor characteristics based off of statistical modeling of the
data cohort; a uniform variable was drawn to determine if the candidate “accepted” the
organ. The sampling from this uniform distribution in this type of modeling of the OAS
introduced an additional range in the simulated outcomes; given the same input data
and settings, including a candidate and donor for an MR, different simulation scenario
runs may have different outcomes for the “same” acceptance question@.

The current allocation policy, or the policy that was current during the timeframe
of the data cohort, had a number of uses in this overall simulation framework. The first
was as a “tuning” target for the component models within the broader OASim framework.
Simulated runs of the historical time period were performed and certain outcome met-
rics compared against those calculated against the historical dataset, and modification
of the acceptance model was used to bring the summary measures closer to those seen
historically. The second was as a comparison group for the historical predictions, with
the results often being limited in interpretation to directional changes only. That is, the
simulated results of the alternative allocation policies were not compared to historical
results. The simulated results of the different allocation policies were only compared
between each other and the simulated results of the current allocation policy.

8Note: Even though the results were treated as if they were from a larger hypothetical distribution and the results averaged,
very few assumptions of statistical distribution were made, and thus formal statistical testing was not undertaken.

9For a single scenario, multiple runs could be guaranteed to return the same results for a single MR by setting a random
seed.

page 158 of




OF
?g '?ELEQ’;ELIZISTR E{(é::slglr;L'E HRSA Contract # HHSH75R60220C00011 COR: Shannon Dunne, |D
1

4.2 Varying Data Conditions

The previous section described the overall logic behind the questions asked and meth-
ods used to investigate features of the OAS in past simulations using the SAMs. The
following sections describe additional questions that may be asked with the broader set
of OASIim tools.

We have described a study design that attempted to mimic as closely as possible a
specific era in history in the simulation input dataset and compared across allocation
policies@. In a design of this nature, prediction about the future would not be appropri-
ate unless the future state of candidates and donors was assumed to not be changing
in relation to the data cohort period. This assumption is often not valid. A study ques-
tion related to future prediction would need to model some range of possibilities for the
future state of the system. A study question interested in prediction could be phrased
along these lines: “Given the current rules for allocation, what is likely to happen under
potential future data conditions?”

Under aresearch question of this type, the range of simulated outcomes might come
from varying the listing and donation trends of the candidates and donors: what hap-
pens if the listing trends do not change from today? what if the rate at which candidates
list increases while the rate of donation decreases? and so forth. The details of creating
the modeled (future) datasets would be the responsibility of the researcher; using the
randomized arrivals framework from the last section with some sort of oversampling
could be one method of achieving an input dataset that is appropriate for prediction.

4.3 Placement Mechanism Differences

Another component of the OAS that can be modeled within OASIim is the mechanism of
placing an organ with a candidate after an MR has occurred. The MR creates an ordered
list of candidates, with each candidate having the possibility of accepting the organ. A
stochastic process based on statistical modeling has already been applied, but a much
simpler method would be to simply allocate the organ to the candidate who appeared
first on the MR. A placement mechanism of this sort might not be best for broad infer-
ence or prediction but may be useful to a researcher to help establish a possible range
of values; a simulation of the “first in list” placement might be used to access questions
about who is prioritized under a given allocation policy.

Variations in placement mechanism might not be the main source of simulated vari-

ZNote: Even though the input datasets were designed to mimic the historical data, they are still models and some elements
of the datasets do not reflect every aspect of the historical data perfectly.
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ability in a study but could aid in giving confidence that the simulation study (in the broad
sense) is valid and the results can be used to make inferences about the real world.

Another example that has been discussed in historical simulation analysis has been
related to travel distance after some allocation policy change. Under (simulated) policies
that prioritize travel differently than historical policy, it is often wondered if acceptance
decisions will change. This could be modeled as part of the range of simulated outcomes
and become another iteration that the analysis can examine. A study with this design
might use the historical acceptance model as a middle ground, with a model that highly
values low travel distance as one extreme and another model that does not as the other
extreme.

4.4 Simulate at the Extremes

The previous example illustrated what can be an important simulation technique: set-
ting parameter values to extremes in order to simulate as wide a range of outcomes as
possible. This approach will not be appropriate for all research questions but should be
considered, in particular for situations where there is some a priori idea of what might
happen (ie, acceptance decisions around travel might adjust after a policy change).

4.5 Any Component Model Can Be Varied

The above examples taken together show that any subcomponent of OASim that in-
troduces a model also introduces the possibility for simulations across a range of the
model’s parameters.
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5 Verification, Validation, and Credibility

This section outlines Sargent's “Verification and Validation of Simulation Models” paper
in terms of OASIim and the OAS. The entire text can be found here. All quotations in
this section come from this Sargent paper. A key point that will be repeated is that all
verification and validation are only valid with respect to a given research question. In this
section it will be important to make a distinction between OASim in the narrow sense (ie,
restricting to a computer program) and the broad sense (ie, referring to an overall OASIim
study).

OASIm studies will likely be used to aid in investigations on the OAS as well as for
decision making, whether by researchers, SRTR, or OPTN committees. A key question
will of course be whether the study and the results of the study are “correct.”

Verification
“Ensuring that the computer program of the computerized model and its implementation
are correct.”

Under this definition, verification is a technical aspect of the overall process. In the
narrow sense of OASiIm, verification is purely a software development task; it ensures
that the software can correctly process a sequence of candidate and donor events. Inthe
broader sense of an overall study, verification ensures that results from data modeling
are correctly translated into instructions for OASIim.

Validation
“Substantiation that a computerized model within its domain of applicability possesses
a satisfactory range of accuracy consistent with the intended application of the model.”
An OASIm study should be developed for a specific question (or type of questions),
recall the “Types of Questions” section, and its validity determined with respect to that
question. For example, an OASIim study designed for prediction of (potential) future
trends in the OAS would need validation related to future listing and donation trends;
an OASim study designed to address counterfactual predictive questions would require
validation related to comparison with historical records. Further, validity for one purpose
does not (generally) imply validity for another. Validity needs to be determined within
some acceptable range that is determined by the accuracy required of the study results
to make inferences.

Credibility
“Developing in (potential) users the confidence they require in order to use a model and
in the information derived from that model.”
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Careful documentation of all logical and analytic steps of verification and validation
of an OASIm study will be required to provide the information needed by users to evalu-
ate the study for credibility.

5.1 Basic Approaches

Sargent outlines four decision-making approaches to simulation study validation.

1. The simulation development team determines validity
2. The user(s) are heavily involved with development team in deciding the validity
3. Independent verification and validation

* Third party (independent) of both developers and users
+ Useful when simulation involves multiple teams

4. Scoring model: Sargent does not recommend this approach

In the context of OASIm, the SRTR biostatisticians and software developers can be
thought of as the simulation development team and the SRTR biostatisticians, indepen-
dent researchers, and OPTN committees could be thought of as the users. There will
likely not be a place for independent verification and validation that is undertaken by
someone who would not be considered a researcher and thus fall under the “user” la-
bel.

5.2 Paradigm

Sargent's paradigm for computer simulation verification and validation is shown in Figure
Methods 4.

The problem entity for an OASim study is the OAS under investigation. The prob-
lem entity may include historical records of organ allocation, or if the research question
involves generating data, may include counterfactual or future predictive situations.
The conceptual model is the collection of all mathematical/logical/verbal representations
of the OAS problem entity developed for a particular study. The conceptual model(s)
could include models of where in a sorted MR an organ is allocated, models of historical
candidate records, models of donor arrival trends, etc. The computerized model is the
conceptual model implemented as a computer program. “The conceptual model is de-
veloped through an analysis and modeling phase, the computerized model is developed

210ften a main reason why a simulation is undertaken.
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through a computer programming and implementation phase, and inferences about the
problem entity are obtained by conducting computer experiments on the computerized
model in the experimentation phase.”

5.3 Conceptual Model Validation

The process of conceptual model validation is used to determine ifed «1 ) the theories and
assumptions underlying the conceptual model are correct and 2) the model's representa-
tion of the problem entity and the model's structure, logic, and mathematical and causal
relationships are ‘reasonable’ for the intended purpose of the model.”

5.3.1 In the Narrow Sense

Recall that OASIim operates as an agent-based simulation (ie, each candidate and donor
is represented), where it processes a sequence of events. Within this framework is the
assumption that the OAS under investigation can be represented as a sequence of dis-
crete events; “time” is not important in and of itself, it is only used as a way to order the
sequence of events. This basic assumption will be present in all OASim studies because
it is built into the OASIm software and needs to be considered when determining if an
OASim study will be informative for a given research question.

5.3.2 In the Broad Sense

The conceptual model for an OASim study will (almost always) be made up of a number
of submodels. Some examples that have been discussed include stochastic models of
candidate (or donor) arrivals, history generation for transplanted candidates, and statis-
tical models for placement of a donated organ to a position on the MR.

Examinations of the theories and assumptions underlying each model need to be
performed using mathematical analysis and statistical methods with respect to data
from the OAS under investigation. In the case of a statistical model for organ placement
for example, statistical methods for model fit should be utilized that are appropriate for
the model. This might include partitioning the data into training and test sets. Model
assumptions such as independence of observations should be tested.

The result of this step in conceptual model validation will be a collection of analysis
results that have validated each submodel on its own terms with respect to data from the
OAS. Each of these analyses should essentially be stand-alone models of which validation

2sargent uses “determine that”
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can be interpreted using only data from the OAS and without making any reference to
simulation or how the submodels will be used within the simulation study.

Following validation of each submodel in isolation, the research question of the
OASim study is considered; each submodel along with their relationship to each other
(ie, the overall model) are evaluated to determine if they are reasonable and correct for
the specific research question. “This should include determining if the appropriate de-
tail and aggregate relationships have been used for the model's intended purpose, and
also if appropriate structure, logic, and mathematical and causal relationships have been
used.” For example, consider a study concerned with detailed changes around allocation
policy in the short term compared to a study that was interested in predictions around
long-term trends in waitlist size; the former might require a detailed history for each
candidate, whereas in the latter study a simple model that only includes a single “listing”
record per candidate might be appropriate. The submodels are then examined together
to ensure that the precision required overall and by model can be achieved when the sub-
models are combined. Consider again the predictive study of long-term waitlist size; a
detailed statistical organ placement model may be incompatible with the simple “listing”
only candidate history model, so in this case a first-in-list placement mechanism may be
sufficient for prediction of overall waitlist size. To further validate that the collection of
submodels function together as expected, individual entities can be “traced” through the
models. This involves examining how a candidate is recorded throughout the course of
the simulation (not the realized values but the form the values would take).

5.4 Computerized Model Verification

The process of computerized model verification “is primarily concerned with determining
that the simulation functions (e.g., the time-flow mechanism, pseudo random number
generator, and random variate generators) and the computerized (simulation) model
have been programmed and implemented correctly.” OASIim provides a special-purpose
simulation language created using the higher level programming language C#. It was de-
signed, developed, and implemented using modern software engineering techniques in-
cluding object-oriented design, structured programming, and program modularity. The
computerized model verification process is narrow in scope and focused on technical
details related to implementation. The modular nature of OASIim allows for the imple-
mentation of the distinct components of the OAS described in Figure to be
examined in isolation.

There are two basic approaches to computerized model verification: static testing
and dynamic testing. Static testing involves analysis of the OASIim input files without ac-
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tually running the program. This may involve structured code reviews to avoid errors in
implementation, comparisons between computerized implementation and the concep-
tual model representation to ensure the models have been translated correctly into a
computer readable format, and examination of the structural relationships between the
implemented submodels to ensure they accurately represent the intended relationships.
Dynamic testing involves running the program under different conditions and examining
calculated quantities to ensure they produce the expected results.

Comparisons in computerized model verification are quantitative in nature as there
are predefined correct values for the results of the operations (eg, unit testing). Inter-
nal calculated values may also be examined during the program'’s run (ie, “debugging”).
Comparisons between independent programming of the processes can also be used to
ensure correct implementation. These methods may be applied at the level of individ-
ual calculation or aggregations may be used in cases of large numbers of comparisons.
Finally, “[i]t is necessary to be aware while checking the correctness of the computer
program and its implementation that errors found may be caused by the data, the con-
ceptual model, the computer program, or the computer implementation.”

5.5 Operational Validation

Operational validation involves running OASIim with the submodels validated in the pre-
vious steps to determine if “the simulation model’s output behavior has the accuracy
required for the model’s intended purpose over the domain of the model's intended
applicability.” Here the models are considered in tandem and so output behavior that
does not behave as expected could be caused by any submodel or overall data quality
issues. In this step the circular nature of the paradigm in Figure comes into
play. Deficiencies in output behavior should lead back to the submodels so remedies
may be considered. If improvements can be made the process repeats. However, if on
the other hand the submodels have been built as accurately as possible, the deficiencies
in output behavior may be unavoidable; in this case, the discrepancies should be noted
and used to put limits in interpretation of simulation inferences. As with the prior valida-
tion steps, the research question of interest needs to inform the operational validation.
The metrics that will be used to make inferences about the problem entity should be
used to examine the model behavior in the validation steps.

The data comparisons made during operational validation need to be carefully con-
sidered. If the OAS problem entity is observable, then direct comparisons between sim-
ulated and real-world output behavior can be made. Consider a study concerned with
changes in allocation policy that is modeling a historical period (a what would have hap-
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pened type of question); in this case a simulation(s) could be run to try and closely mimic
the real-world historical data. Important metrics can then be compared between the
generated and historical data using standard mathematical and statistical techniques.

However, the OAS problem entity is often not observable. Recall that simulation
studies are often undertaken to generate data that is not available. It is anticipated that
OASiIm studies will often be performed for this reason; the research question will be
interested in prediction, either of the future or counterfactual situations from the past.
In this case there is no real-world data available from the OAS that can be directly used for
comparison. Exploring model output behavior across a range of input values can indicate
if the OASim results are directionally correct as well as if the magnitudes of changes are
reasonable. For example, with all other parameters held constant, would using an input
dataset with a 10% higher donor arrival rate lead to more simulated transplants along
with a smaller waitlist size?

5.6 Commentary

A key distinction in Figure that should be emphasized is a clear separation be-

tween the conceptual model and the computerized model. The relationship between the
two models is also important. Notice the arrow between the two models (computer pro-
gramming and implementation) is the only one in the diagram that is uni-directional; in
other words, the conceptual model directly defines the form of the computerized model,
but the computerized model should not have influence on the conceptual model.

With any quantitative study it is easy to lose the distinction between the two models
(conceptual and computerized) and the conceptual model ends up being contained “in
the code”; in this case the problem entity (types of questions posed or even framing and
vocabulary of discussions) can end up being influenced not by theory or analysis but by
software implementation choices and details. This is an inappropriate direction for the
inferences to take. This distinction is especially important when a simulation is being
used to generate data that are unavailable.
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1 Introduction

This document describes calculation of rates in a time-to-event setting for Scientific Reg-
istry of Transplant Recipients (SRTR) simulation analysis using the OASim software. Prior
simulation analysis has presented “unadjusted” rate calculations, and in upcoming stud-
ies we will be incorporating “adjusted” rate calculations into the analysis. Here we de-
scribe in detail both calculations, how each calculation is applied in the simulation con-
text, and, finally, how the methods are incorporated into a broader simulation study
design.

For this discussion, we will only consider “rates” to be values that are expressed as
the number of events per unit time; other values called rates (eg, percentages) will not
be considered rates here. At all points in this discussion, the terms “hazard” and “rate”
could be used interchangeably.

2 Background

Rates in the setting of a transplant waiting list are a competing risk time-to-event prob-
lem. All observations contribute some amount of time until either censoring or one
event; the events are mutually exclusive and absorbing states.

2.1 Subscript Definitions

Each observation, indexed by 7, can have one and only one outcome, z, or no outcome
(censored observation). In the context of waitlist rates, each candidate is an observation
and the outcomes are transplant, death, still waiting (censored), and possibly removal
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for other reasons, which may be treated as a terminal event or a censoring event. Each
observation also has a set of covariate levels, indexed by j as in x; j, eg, blood type =

A or age-at-listing in [18,35); we will also use the term “subgroup” to refer to a specific
covariate level, z; ;.

Observation : i € (1,2,...N)
Covariate level : j € (1,2, ..., J)
Outcome : z € (1,2,...7)

2.2 Metrics

Each observation contributes time until an event or censoring, ¢;, to the rate calculation.
Each observation can contribute up to one count, Ii,z: to the total count of outcome z.

Indicator variable for observation i with outcome, z : 1I; ,

Time to (mutually exclusive) event or censoring for observation i : t; 2)

In cases where a specific subgroup is being considered, the subscript j is used.

I, wherex; ; =1:1; ;.
tiwherex; j =1 :1;;

2.3 Covariates

Each observation ¢ has a set of covariates levels that are combined into an overall design
matrix, X.

1 x Jwvector of covariates for observation i : x;

X1
. . X9

N x J design matriz : X =
XN

Note that, in this framing, X is a “wide” matrix of 0/1 indicator values for each sub-
group, J.
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3 Rate Calculations

3.1 Empirical Calculations

Below is a simple “unadjusted” rate calculation. This type of unadjusted rate calculation
has been used in past simulation analysis as well as the waitlist rates presented in the
SRTR Annual Data Report. Note that the rate for outcome type g, h,, takes into account
the time contributed by patients who experience other outcome types z, z # q.

This calculation can also be applied to entire cohorts, in which case the covariate
subscript 7 is unnecessary.

Nj,z = Z Ii,j,z
Total Time; =T; =) t;;
Nz

T

il

DY Li

Ratej’z = hj,z =

3.1.1 Commentary

This framing is an “average” rate across some period of observation. In particular, it
is “averaged” over the observation window; that is, the rate is not a function of time.
However, this could be a matter of interpretation; you do not need to take this “averaged”
view and just interpret the calculated rate value as the observed rate for the period.

This is similar to calculating an arithmetic mean over some population, say, the aver-
age height of a group of people in a room. In this case, the average height of that group
of people could be treated as just an empirical value, where you do not need to invoke
the idea of a larger population or “target” value that the calculated mean is estimating@.
The average is just the average. It can be useful to take extra steps like assuming some
larger population and probability distribution in order to do inference, but those would
be additional steps beyond the simple arithmetic mean calculation.

BThe lack of a “target” could be disputed. Even without invoking the idea of a larger population for height, there could be a
theoretical value for the mean of the group of people that our estimate deviates from because of measurement error. But that
is not important here.
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3.2 Modeled Rates

Regression models for rates can be framed as a survival proportional hazards model, or
Poisson regression (with offset) when estimating constant rates. Both of these regres-
sion models are “adjusted” in the sense that they can accommodate multiple covariates.

For our simulation analysis, we are calculating overall (non time-varying) rates for the
entire simulation period; that is, we are calculating constant rates (see the ”

" section for more details). Given this, Poisson regression is an appropriate
choice and will be discussed here.

3.2.1 Poisson Rate Regression Model

Poisson regression estimates an average rate across the observation period; or, the
model assumes a constant event rate. The estimates that come out of the fitted model
are for the coefficient vectors, 6, for each h.. The point of this model is to estimate the
effect (6; ;) of each covariate in X, adjusting for other factors, on the rate. Note that the
events indexed by z (other than censoring) are still treated as competing events in this
framing.

h,(X) = exp(X4,)

3.2.2 Calculating a Rate

A

The results of the regression model above are estimates of the coefficient vectors, 6.
To arrive at an estimate of a rate, some input dataset is required, W. Given some input

dataset, W, rate estimates can be directly calculated from the Poisson regression results
ash, = exp(W6,)&

3.2.3 Calcuated Rates via Standardization

To calculate a rate for each subgroup level within a covariate based on the Poisson regres-
sion results, we will use standardization methods using the entire cohort as a reference
population in order to calculate marginal rates. The adjusted rates are counterfactuals
and are interpreted as the rate for each subgroup of interest had that group had the
same distribution of all other adjusting factors as the overall population.

ZThis is an additional reason for choosing the Poisson model over the proportional hazards model. The proportional hazards
model would have required an additional step of estimating a “baseline hazard.”
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Steps are described at the scenario/iteration level, for each subgroup of interest 7,
eg, blood type = A or a binned continuous variable like age at listing in [18, 35).

1. Create a reference design matrix, W, for the subgroup of interest, j, by setting
every record in column x; of X to the subgroup of interest.

W, =X, sit.z;;issettol, Vi (7)

A

2. Calculate vector of rates for this subgroup via the Poisson regression results, 6.,
for the outcome of interest, z.

h;. =exp(W,0.) (8)

3. Average the vector of rates (across the observed distribution of all other adjusting
factors) to arrive at a single marginal rate value for subgroup ;.

S hij 9)

7

These steps apply for a single subgroup level 7, eg, blood type = A. To create a set of
rates for the overall blood type metric, the calculation would be repeated for each blood
type; the calculations are linked by the common regression coefficients for the outcome,

g..
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4 Applications to Simulation

The simulation problem introduces additional layers of complexity for the presentation
and analysis of rates. In historic (and presumably upcoming) simulation studies, the com-
parison is across simulated scenarios (different allocation policies), where the metrics
being compared are an average value over multiple stochastic iterations. The transplant
rate is a fundamental metric for all studies, where it is the key metric for analysis and, in
turn, is the key metric for all simulation model building.

The methods discussed for creating adjusted models in the “Modeled Rates” subsec-
tion are generally used to make statements about different subgroups within a single
cohort; inferences are made across a range (or levels) of a single covariate, or between
covariates. The key point is that the inferential comparisons are generally made within
a single model, not generally across models as is the case in the simulation setting.

In simulation analysis, we are concerned with calculating rates for subgroups of inter-
est over the simulation period; the rates presented are an attribute of the overall organ
allocation system, not necessarily individuals on the list. Additionally, unless there is a
specific mechanism to indicate the rate(s) vary over the simulation, there is no need to
model the rates as time varying. Given these considerations, we present the average
rates over the simulation cohort period; ie, we present a constant rate /., not a time-
varying rate h.(t).

4.1 Historic Analysis: Unadjusted Rates (Empirical Calculations)

In recent SRTR simulation analysis, rates were calculated with the formulas described
in the “Empirical Calculations” subsection. The simple calculation there was applied to
a single cohort; the calculations were repeated in each different subgroup/stratification
group. Figure is an example from the KIPA2023_01 data request. In this figure,
each panel (facet) has repeated the rate calculation independently for each organ group
(KI, KP, PA). In the figure, only a single outcome, z = transplant, is shown, while the
corresponding rates for the other complementary outcomes besides transplant (death,
removal, etc) are not.

Each dot (and bars) represents an aggregate measure(s) across 10 simulated
iterations: the mean, minimum (min), and maximum (max). That is, for each simulated
scenario, the rate calculation was calculated for the cohort group for each iteration
independently, and then these simulation/iteration level rates were aggregated to
mean/min/max.
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Transplant Rates by Waitlist Organ Transplant Rates by Blood Type: Kidney-Pancreas
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4.1.1 Commentary

An independent calculation for each simulation/iteration is an important feature of the
design that should be maintained regardless of the rate formula being used; the model
used for an adjusted rate should also be calculated (ie, refit) at the simulation/iteration
level and then those results aggregated (via some method) across the simulated itera-
tions.

This framing/calculation does not need to be interpreted as a model. As discussed
above, these rates are/were presented in a purely declarative way; they are not pre-
sented as “estimates” of some theoretical value, rather they are presented only as de-
scriptive measures of what occurred in the simulated results. The parsimony of this
framing is a benefit. No assumptions are needed or made, and the results are easily in-
terpretable. Since there are no assumptions made about the calculations, no diagnostics
are needed at the simulation/iteration level2d. Furthermore, there is a nice correspon-
dence between the figures in the SRTR Annual Data Report.

ZWe could apply “guardrails” by using rules for minimum group size, or other similar checks. Note that these type of steps
are not diagnostics in that they are not meant to assess model quality in light of the modeling assumptions, because there are
no assumptions.
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5 Adjusted Rates in Simulation

Here we describe specific steps needed to calculate adjusted rates in a simulation study.

5.1 Definition of X

The definition of which factors will be “adjusted” for (ie, which covariates will be included
in X) is a primary step in the simulation analysis study design. Because waitlist rates
will be a primary analysis metric, they also need to be a primary metric for submodel
building and operational validation (OV), and, in turn, need to be defined prior to any
model building.

The a priori-defined set of covariates that are included in the model could be arrived
at in a number of ways. This could be based on committee, SRTR senior staff, and sta-
tistical inputs, or could be an empirical study to determine important adjusting factors.
This should largely correspond to the set of figures planned for the final analysis report.

5.2 Aggregation Across Simulation Iterations

A

After rates have been calculated for each outcome and subgroup, £; ., at the sce-
nario/iteration level, the rates need to be aggregated across the simulation iterations.
In prior simulation studies, this has been a simple arithmetic mean across the simulated
iterations. This will likely be the choice for future studies as well, with summary of the
min and max value across iterations.

5.3 Diagnostics Across Simulation Iterations

Diagnostics for the regression models need to be considered, but the problem is com-
plicated in the simulation setting. A separate regression model(s) needs to be fit for
each scenario/iteration, and there are corresponding diagnostic measures at this level.
However, it is likely not practical to evaluate each model in isolation. Given this, the sim-
ulation study design needs to specify some method to “aggregate” the evaluation of the
specific model fits across iterations.

5.4 Operational Validation

The OV process can encompass a broad range of approaches that holistically evaluate
the performance of a simulation study. Given this, we will consider the limited OV sce-
nario where the “best” collection of submodels (COS) is selected from a range of potential
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COSs24. Here the adjusted (transplant) rate is the primary assessment metric comparing
the different COSs to a historic baseline “target” across a range of grouping factors.

Under this study design, the assessment metric itself (adjusted rate) is a modeled
value, and so the quality of the model(s) needs to be built into the OV design.

5.4.1 Historic Rate Calculation

During OV, adjusted rates for a historical target should be calculated and the diagnostics
for this single model examined. The historic analysis is performed in order to make the
best representation of the historic cohort, not to select between potential COSs.

At this stage, diagnostics should be used to inform the rate modeling and help iden-
tify deficiencies in the adjusted rate model (eg, categorical bins with too few counts may
lead to poor diagnostics and the bins may need to be resized@). That is, the definition of
X may be amended in light of the historical rate model diagnostics, provided the original
analytic intent of X is preserved.

The results of this model building stage will be a finalized definition of X that will be
used for all subsequent simulation analysis including the following OV steps as well as
the final analysis report. The set of diagnostic measures used in this stage of the analysis
will also be preserved in subsequent steps in the analysis.

5.4.2 Submodel Scenario Rate Calculations

Many of the same considerations around iterations and aggregation from the ”
tics Across Simulation Iterations” subsection are applicable in the OV situation, and in
the same way the assessment of model quality needs to be an important part of the OV
design prior to starting modeling.

In OV, adjusted rate diagnostics across iterations for a single COS should perform
favorably in comparison to the historic rate model’s diagnostics and considered when
selecting the best COS. A COS whose averaged rate (over iterations) performed better
than that of another COS may not be preferable if there is wide variability in model qual-
ity across iterations. In particular during OV, nonconvergence@ of rates during a single
iteration should likely be a disqualifying result for a given COS. Diagnostic issues at this

2Under this OV design, each COS is treated just like a scenario in the example figures above, and the same figures used for
the final analysis report are used for the OV steps.

270f note, the “binning” of continuous covariates into subgroups that we have historically done in simulation analysis may
translate into risk-adjustment models that are more flexible and therefore fit better, due to not imposing linearity on all con-
tinuous covariates.

Z“Nonconvergence” is used a broad sense here, and is intended to include any model deficiencies that would be disqualifying.
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stage of the analysis only indicate deficiencies in a given COS not deficiencies in the over-
all adjusted rate model, because the form, as defined by X, was finalized in the “
Rate Calculatior’l” stage.

5.5 Diagnostics of Simulated Scenarios

At this stage in the analysis, when a baseline and proposed scenarios are being simu-
lated and the results analyzed, diagnostics of the rate calculations again need to be ex-
amined. All considerations related to iterations from the “Diagnostics Across Simulation
lterations” section apply here.

The diagnostic results of the simulated scenarios now inform the interpretation of
the rate estimates, and are not used for any sort of “selection.” That is, the diagnostics
are used as usual to quanitify the quality of the rate estimates. A simulated scenario may
need to be considered as “noninterpretable” if the rates are not able to be estimated with
consistent quality across iterations.

Some potential ideas for formalizing diagnostic analysis:

+ determine thresholds for whether or not a simulation scenario can be interpreted
for analysis based on standard regression results

- thresholds may apply across iterations where the overall quality needs to
be above some level

- thresholds may also apply at the iteration level, where a single iteration
that has poor diagnostics may lead to the scenario overall being noninter-
pretable

« aggregate P values or overall fit metrics like Akaike information criterion across
iterations to help quantify a simulation scenario’s rate estimates quality

+ do not aggregate and examine all goodness-of-fit statistics and diagnostic plots,
perhaps with faceting by each iteration
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6 Extensions of a Calculated Rate

6.1 Cumulative Incidence

From “Survival and Event History Analysis” by Aalen et al, a cumulative incidence func-
tion (probability) for each event is derived directly from the rate function definitions and
relationships:

Ft) = [ ho(t)e o Zemtirgy (10)

Where F.(t) is a regular probability function (cumulative distribution function) for
each event type.

Note that this is not an estimated quantity (yet). This is purely a mathematical deriva-
tion from the definitions of the rates, h,. The probability associated with each event,
F}, is a function not only of that event's rate function, h., but all other event rates via

>k hi ().
6.1.1 Cumulative Incidence with a Constant Rate

Starting from equation (), what is a formula for cumulative incidence at time ¢ if all
rates are constant, h,(t) = h,,Vt, 2?

F.(t) = h. [ e Sty

_ —he amene - e oxn
>k Sk
—h,

- >k i > by,

e_tZk b + &

Yk
At this point, a cumulative incidence estimate can be calculated by simply pluggingin

a rate estimate as described above for the unadjusted case, equation (E), or the adjusted
case, equation (E).

(1— etk h’“)

(1 — e_tZk }Alk)
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Thisis a simple formula for a cumulative incidence in a competing risk framing under
constant (hazard) rates. This is internally consistent with the earlier rate estimates, and
interpretable as “given these average rates, we would see these cumulative incidence
functions”. Or perhaps, the rates are treated as the driver that leads to the resulting
cumulative incidence.
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