
ED I T OR I A L

Principles for simulating the organ allocation system

A simulator is a program designed to mimic a complex
system like the organ allocation system. Such a
simulator allocates organs as they become available
while dynamically updating the waiting list of candi-
dates. Data about candidates and donors, rules
governing allocation, and submodels specifying fea-
tures of the organ allocation system are simulator
inputs. A simulation is the concrete execution of the
simulator using these inputs to generate data. With
different inputs, a researcher can execute many
simulations using a single simulator.

A simulation study begins with a set of research
questions to be analyzed using simulated data. Simu-
lation studies are useful for answering research
questions where no empirical data exist. For this
reason, when evaluating a simulation study, we should
ask not only “What are the results?” but also “Why
should we believe them?” A credible simulation study
must be anchored to historical data and provide positive
information that the reader should trust the simulated
results. Each component in a credible simulation study
should be designed and assessed, both individually and
jointly, in relation to a historical era in transplantation to
answer the specific research questions. This process is
called validation, and the results should be reported
with each simulation study.

Submodels must accurately replicate historical data
without overfitting to it. Validation results provide insight
into how to interpret the simulated data. Simulation
study submodels may not be suitable to answer the
research questions,[1,2] or they may be suitable to
answer them, provided the results are interpreted within
the boundaries described during validation.[3]

The Scientific Registry of Transplant Recipients
(SRTR) performs simulation studies to guide allocation
policymakers. SRTR simulates the organ allocation
system during a historical era and compares simulated
results of the current allocation policy with those from
proposed allocation policies. These studies are counter-
factual (ie, they answer the question, “What would have
happened had the allocation policy been different?”). For
example, “How would the proposed policies have
affected access to transplant for pediatric candidates

had they been in place during the historical period?”[1,2] In
these simulation studies, only the allocation policy varied
between simulation scenarios. All other aspects of the
organ allocation system were assumed unchanged.
There are 2 reasons for this. First, we cannot reliably
predict the future landscape of transplantation—new
technologies, changing donor/candidate populations,
changes in offer acceptance practices, etc. Second,
concurrently changing several factors deviates the
simulation further from reality and creates ambiguity
about the interactions of the many counterfactual
assumptions, making the simulated results more difficult
to interpret credibly.

For some research questions, it is reasonable to
change factors other than the allocation policy in a
simulation study. In this issue of Liver Transplantation,
Blandon et al[4] used the Liver Simulated Allocation
Model (LSAM) for one such study. LSAM is one
member of a family of SRTR simulators that are publicly
available for research and policymaking purposes.
SRTR provides 1 set of input files and submodels that
were developed to simulate the liver allocation system
between 2013 and 2016. Recognizing changes since
that time, Blandon and colleagues show one way to
alter these input files and submodels to better reflect the
modern landscape of liver transplantation. In particular,
they increased the number of donors, but they did not
update the donor composition to reflect the increasing
percentage of recovered livers from donation after
circulatory death (DCD) and older donors, nor did they
model the changing size/composition of the liver waiting
list (Figure 1). This counterfactual scenario massively
diverges from recently observed cohorts, and so is not
actionable/informative; our recommended approach
would be to build new input files for both donors and
candidates to resemble data from the recent past.

Separately, Blandon and colleagues suggest changes
to the input files to reflect their hypotheses about
behavior changes (to organ acceptance) to be used as
a sensitivity analysis. They increased the number of
offers after which a liver is not used for transplant, and
they changed the offer acceptance models to increase
acceptance of DCD and nearby donors and decrease
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Abbreviations: DCD, donation after circulatory death; LSAM, Liver Simulated Allocation Model; SRTR, Scientific Registry of Transplant Recipients.
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acceptance of offers that appear early on the match run.
They made crude adjustments to the beta parameters of
a regression model without justifying the magnitude of
the adjustments or indicating why they believed all other
elements of the acceptance model would be unchanged.
In contrast, our recommended approach would be to
build a new accept/decline model using recent data on
increased acceptance of DCD donors and to show
validation graphs comparing the magnitude of their
hypothesized decrease in acceptance for highest
match-run positions to changes in acceptance after
recently observed allocation changes.

SRTR encourages more simulation studies. How-
ever, using the above principles, we recommend the
following steps:

(1) Define the specific research questions to be
answered using simulation.

� One research question might be, “How do changes
in offer acceptance practice affect the transplant
rate for high MELD candidates?” This step includes
specifying figures or other methods to present the
simulated data to answer the questions.

(2) Design simulation submodels to answer the specific
research questions.

� Given that “high MELD candidates” are of interest
to the research question, this factor should be
considered as a predictor of acceptance.

(3) Report validation results, both individually and
jointly, in relation to a recent historical era. Some
example questions to address with the validation
process include the following:

� Do the donors and candidates simulated resem-
ble those in the recent cohort?

� Does the updated acceptance model have better
predictive power on the recent cohort than the
prior models?

� Do the updated inputs and submodels produce
simulated results that more closely reflect the recent
cohort than the prior LSAMmodels as measured by
the figures and methods identified in step 1?

(4) Based on the validation results, place limitations and
interpretive bounds on the simulation study.

� Only after validation can other aspects of the
organ allocation system be changed to answer
the research question. These simulation studies
should not be interpreted as predictions of the
future but rather as counterfactual predictions of
what would have happened.

(5) Limit deviation. The further simulations deviate from
the observed organ allocation system, the less
confidence one can have in the simulated results.

� Validation anchors a simulation study to historical
data. Results generated by hypothesizing future
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F IGURE 1 Liver transplantation time trends. On each day, we calculated the number of (A) liver waitlist registrations, (B) the average size of
the liver waiting list, (C) the average donor age in years, and (D) the proportion of recovered livers from DCD donors in the previous 365 days.
Abbreviation: DCD, donation after circulatory death.
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changes require an exceptionally compelling
rationale and should be viewed as speculative.
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