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BACKGROUND: The thoracic simulated allocation model (TSAM) is used by the Scientific Registry of

Transplant Recipients to predict the relative effect of organ allocation policy changes. A new lung allo-

cation policy changing the first unit of allocation from donation service area to 250 nautical miles took

effect on November 24, 2017. We studied TSAM’s ability to correctly predict trends caused by changes

in allocation policy.

METHODS: We compared the population characteristics from the TSAM cohort, 6,386 lung transplant

candidates from 2009 to 2011, with the observed cohort of 7,601 candidates from the year before the

policy change on November 24, 2017, and the year after. Simulations were run 10 times. Waitlist mor-

tality and transplant rates were calculated and compared with observed mortality and transplant rates

in the years before and after the policy change.

RESULTS: TSAM correctly predicted no change in overall waitlist mortality or transplant rates with the

policy change. Observed waitlist mortality values were higher, as were transplant rates, because of

increased organ donation and population change. TSAM predicted increased transplant rates for diag-

nosis group D (idiopathic pulmonary fibrosis), decreased rates for group A (chronic obstructive pulmo-

nary disease), and increased rates for candidates with lung allocation score ≥50, but these changes did
not occur in the waitlist and transplant populations after the policy change.

CONCLUSIONS: TSAM correctly predicted the relative trends caused by a change in allocation policy

but smaller sub-group predictions were not seen.
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The United States organ transplant system aims to pro-

vide patients equitable and timely access to transplant.

Over time, policies have developed to reduce subjectivity

in organ allocation by emphasizing objective medical crite-

ria and by minimizing the impact of waiting time and

geography on access to transplant.1 In lung transplantation,

implementation of the lung allocation score (LAS) system

addressed the goal of prioritizing allocation based on medi-

cal criteria rather than waiting time, but geography

remained a major factor limiting access to transplant.2,3 In

response to a court order, on November 24, 2017, the Organ

Procurement and Transplantation Network (OPTN)/United

Network for Organ Sharing Executive Committee enacted

an emergency policy eliminating donation service area

(DSA) as the first geographic unit of organ distribution in
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lung transplantation.1,4,5 This policy change was justified

because DSA boundaries were set based on historic prece-

dent, were inconsistent in size, and did not correlate to

organ viability.6 The new temporary first geographic unit of

distribution was a 250-nautical-mile (NM) circle surround-

ing the donor hospital until further studies could help refine

this policy.4

To predict the possible effects of these changes in geo-

graphic donor organ distribution across the US, the Scien-

tific Registry of Transplant Recipients (SRTR) used the

thoracic simulated allocation model (TSAM), a discrete

event-based, computer-based simulation program that uses

historical data to model organ offers, acceptance, waitlist

and post-transplant survival, and the uncertainty associated

with these events. The TSAM has been used to study the

potential impact of other proposed allocation changes, such

as the changes to pediatric lung allocation implemented in

2017.7 A number of investigators have recently published

findings using the TSAM to reach conclusions about the

best geographic distribution schemes to optimize outcomes

for lung transplant candidates.8,9 TSAM was designed to

show the relative effect of new allocation rules on waitlist

mortality and transplant rates in different waitlist sub-popu-

lations. Despite this reliance on the TSAM for research and

policy decisions, its projections have never been compared

with observed data occurring after a policy change. In this

study, we present SRTR’s TSAM predictions regarding the

change from the previous DSA-first to the current 250-NM-

circle lung allocation policy and compare predicted changes

with observed changes that occurred from the year before

the policy change (DSA population) to the year after imple-

mentation of the 250-NM-circle allocation policy (250-NM

population).

Methods

We used the SRTR database, which includes data on all donors,

candidates, and transplant recipients in the US, and has been

described elsewhere.10 Data are submitted by members of the

OPTN with oversight provided by the Health Resources and Serv-

ices Administration, US Department of Health and Human

Services.10

Simulation design

SRTR developed the TSAM to simulate lung and heart allocation

and waitlist and post-transplant outcomes. TSAM uses historical

donor, candidate, and offer data to model waitlist survival, organ

offers, acceptance, and post-transplant survival.11 The simulation

cohort included donors and candidates (including retransplant and

multiorgan transplant candidates) from July 1, 2009, to June 30,

2011. Simulated offers were made to candidates based on different

allocation rules, and offers were accepted or declined according to

underlying statistical organ-acceptance models. Accepted offers

were considered transplants, and simulated recipients were

assigned predicted post-transplant death dates. Waitlist deaths

occurred for candidates who either received no offers or accepted

no offers. Each simulation was run 10 times (the standard number

of software runs), and donors were randomly reordered to provide

variability to the simulation studies.

TSAM is a Monte Carlo simulation, and the 10 simulation runs

per set of allocation rules use the same candidates and donors.

From TSAM simulation runs, we computed average waitlist mor-

tality rates and transplant rates for DSA and 250-NM allocation

rules. These are not independent samples, so traditional measures

of variability or p-values cannot be computed in the comparison

of outcomes across different sets of rules. TSAM is a tool for

assessing access to transplant using different allocation rules and

was not designed to precisely predict waitlist outcomes. Its value

is in predicting trends in waitlist outcomes in one group relative to

another.

Study populations

The TSAM population included lung transplant candidates and

recipients aged ≥18 years from July 1, 2009, to June 30, 2011, the

most recent subset of the population included in the TSAM. The

observed population included lung transplant candidates and

recipients aged ≥18 years from (1) November 24, 2016−Novem-

ber 23, 2017 (DSA population) and (2) December 1, 2017

−November 30, 2018 (250-NM population). The analysis was

limited to adults because they represent 99.7% of the lung trans-

plant population, and the allocation schemes for adolescent (age

12−18 years) and child (age <12 years) candidates differ and

already use broader geographic regions.12

Data analysis

Demographic and clinical characteristics of the TSAM population

were compared with the combined observed DSA and 250-NM

populations using chi-square tests. Lung transplant and waitlist

mortality rates were compared between the simulation populations

(for the DSA and 250-NM simulations) and in the 2 observed pop-

ulations (DSA and 250-NM populations). These rates were plotted

graphically to determine how well TSAM predicted both the direc-

tion and the magnitude of change between the allocation schemes.

For rates resulting from the TSAM simulation, we plotted mean

(95% confidence limits), minimum, and maximum per sub-group

across the 10 simulation runs. We stratified rates by LAS, lung

diagnosis group, and transplant center volume. Lung diagnosis

was stratified as for the LAS calculation, by survival probability

and pathophysiology of the underlying disease. Diagnosis groups

include group A, obstructive lung disease; group B, pulmonary

vascular disease; group C, cystic fibrosis and immunodeficiency

disorders; and group D, restrictive lung disease.

Results

Study population

The TSAM population comprised candidates and recipients

from July 1, 2009, to June 30, 2011; however, listing practi-

ces have changed in the last decade and the LAS was

revised in 2015. The impact of these changes is clear when

the TSAM candidate population is compared with the com-

bined observed candidate populations. The more recent

observed candidate population was older, with 30.9% of

candidates aged ≥65 years, compared with 18.5% of candi-

dates in the TSAM population (p < 0.0001). The observed

population included more non-white candidates, 23.2%

compared with 18.8% in the TSAM population (p <
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0.0001). The observed population included more patients

from diagnosis group D than the TSAM population, 55.6%

and 43.5%, respectively (p < 0.0001), and included larger

proportions of candidates with an LAS of ≥40, 38.5% com-

pared with 30.2% (Table 1).

Similarly, the observed transplant recipient population

included a greater proportion of older patients, with 33.0%

of recipients aged ≥65 years, compared with 23.7% in the

TSAM population (p < 0.0001), and more non-white recipi-

ents, 20.7% compared with 18.2% in the TSAM population

(p = 0.004). The observed recipient population included

more group D patients than the TSAM population, 58.8%

and 53.3%, respectively (p < 0.0001), and a greater propor-

tion of recipients with an LAS ≥60, 20.9% and 16.1%,

respectively (p < 0.0001) (Table 2).

Tables 1 and 2 compare transplant candidates and recipi-

ents, respectively, in the TSAM (2009−2011) and observed

populations (November 24, 2016−November 30, 2018) to

highlight differences between the 2 populations. The

observed DSA and 250-NM groups are combined in these

tables because of similarity in most baseline patient charac-

teristics and potential overlap of candidates and recipients.

Supplementary Table S1, available online at www.jhtlon

line.org, compares the TSAM population, DSA population,

and 250-NM population and provides a 3-group comparison

in addition to a pre- and post-policy population comparison.

Transplant and waitlist mortality rates

Overall predicted transplant rates were lower in the TSAM

population than in the observed population. The TSAM pre-

dicted no meaningful change in transplant rates between

allocation policies (137.5 transplants per 100 waitlist-years,

TSAM DSA; 137.0, TSAM 250-NM) (Figure 1). Similar to

the prediction, we found no change in transplant rates in the

observed populations (206.9 transplants per 100 waitlist-

years, observed DSA; 202.5, 250-NM). Although TSAM-

predicted transplant rates differed from observed rates, the

predicted trend of no meaningful change held true. Differ-

ences in magnitude were expected, as (1) the lung donor

population increased 41% from 2011 to 2018 (data from the

2019 OPTN/SRTR Annual Date Report, to be published in

early 2020), and (2) the proportion of high-urgency candi-

dates increased between the 2 periods.

Overall TSAM-predicted waitlist mortality rates were

lower than in the observed populations. The TSAM pre-

dicted 13.6 deaths per 100 waitlist-years in the DSA simula-

tion and 12.8 in the 250-NM simulation. This comparison

was similar in the observed populations, with 15.8 deaths

per 100 waitlist-years in the DSA population and 16.7 in

the 250-NM population. The confidence limits overlapped,

suggesting no difference in overall waitlist morality rates.

Waitlist mortality rates were higher in the observed popula-

tion than in TSAM predictions, although rates did not differ

meaningfully between DSA and 250-NM allocation rules in

either the predicted or the observed population. This

increase may be due to (1) a sicker population awaiting

transplant in a more current era and (2) structural elements

Table 1 Characteristics of the TSAM (2009−2011) and
Observed Waitlist Cohorts (November 24, 2016−November 23,
2017; December 1, 2017−November 30, 2018)

TSAM Observed
Characteristics n (%) n (%) p-value

Age, years
18−34 866 (13.56) 722 9.50 <0.0001
35−49 1,149 (17.99) 984 (12.95)
50−64 3,191 (49.97) 3,544 (46.63)
≥65 1,180 (18.48) 2,351 (30.93)

Sex
Male 3,206 (50.20) 4,065 (53.48) 0.0001
Female 3,180 (49.80) 3,536 (46.52)

Race/ethnicity
White 5,185 (81.19) 5,837 (76.79) <0.0001
Black 635 (9.94) 806 (10.60)
Hispanic 397 (6.22) 678 (8.92)
Asian 124 (1.94) 227 (2.99)
Other/unknown 45 (0.70) 53 (0.70)

Diagnosis groupa

A 2,324 (36.39) 2,171 (28.56) <0.0001
B 537 (8.41) 513 (6.75)
C 748 (11.71) 689 (9.06)
D 2,777 (43.49) 4,228 (55.62)

Blood type
A 2,491 (39.01) 2,821 (37.11) 0.089
B 709 (11.10) 857 (11.27)
AB 200 (3.13) 271 (3.57)
O 2,986 (46.76) 3,652 (48.05)

OPTN region
1 259 (4.06) 277 (3.64) <0.0001
2 915 (14.33) 1,346 (17.71)
3 770 (12.06) 759 (9.99)
4 757 (11.85) 812 (10.68)
5 841 (13.17) 1,219 (16.04)
6 170 (2.66) 196 (2.58)
7 545 (8.53) 610 (8.03)
8 440 (6.89) 441 (5.80)
9 254 (3.98) 391 (5.14)
10 824 (12.90) 980 (12.89)
11 611 (9.57) 570 (7.50)

Initial LAS
<35 2,969 (46.49) 2,569 (33.80) <0.0001
35−<40 1,489 (23.32) 2,106 (27.71)
40−<50 1,069 (16.74) 1,548 (20.37)
50−<60 319 (5.00) 477 (6.28)
≥60 540 (8.46) 901 (11.85)

Annual program
volumeb

<10 256 (4.01) 152 (2.00) <0.0001
10−25 1,747 (27.36) 1,321 (17.38)
>25−50 2,011 (31.49) 2,488 (32.73)
>50−75 1,021 (15.99) 1,062 (13.97)
>75 1,351 (21.16) 2,578 (33.92)

All 6,386 (100.00) 7,601 (100.00)

Abbreviations: LAS, lung allocation score; OPTN, Organ Procurement

and Transplantation Network; TSAM, thoracic simulated allocation

model.
aDiagnosis group A: chronic obstructive pulmonary disease; diagno-

sis group B: idiopathic pulmonary hypertension; diagnosis group

C: cystic fibrosis; diagnosis group D: idiopathic pulmonary fibrosis.
bTransplants per year.
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in the TSAM that typically predict lower than observed

waitlist mortality rates, which occurs because individuals

who receive a simulated offer before their (actual) death

count as a transplant rather than a waitlist death.

Transplant and waitlist mortality by primary
diagnosis

Transplant rates varied by primary diagnosis. The TSAM

predicted slightly increased transplant rates for group D and

slightly decreased rates for group A, with 250-NM com-

pared with DSA as the first unit of allocation (Figure 1).

These small changes did not occur in observed data. Pre-

dicted transplant rates in groups B and C were similar in

DSA and 250-NM simulations but populations were small,

resulting in large 95% confidence limits. In simulated and

observed data, under both policies, transplant rates were

highest for diagnosis group D. For each diagnosis group,

predicted and observed waitlist mortality were similar

under DSA and 250-NM policy.

Transplant and waitlist mortality by LAS

Transplant rates and waitlist mortality by LAS varied across

LAS category (LAS <30, 30−<35, 35−<40, 40−<50,
50−<60, and ≥60) (Figure 2). Generally, transplant rates

were higher for high-LAS and lower for low-LAS groups.

As in the overall data, TSAM-predicted transplant rates

were lower than observed rates in general. Increases in

transplant rates did not occur in the observed data, although

the pattern of increased transplant rates at higher LAS

occurred in simulated and observed data. For LAS ≥60,
predicted transplant rates were 15% higher in the 250-NM

simulation than in the DSA simulation. Observed rates

were 11% higher in the 250-NM simulation, although 95%

confidence limits overlapped and the difference was not sta-

tistically significant. Within LAS groups, predicted waitlist

mortality did not differ by allocation rules.

Transplant and waitlist mortality by transplant
program volume

Observed transplant rates and waitlist mortality were on

average higher than TSAM predictions for programs that

perform ≥10 transplants per year (Figure 3). For programs

performing <10 transplants per year, observed transplant

rates decreased with the change from DSA to 250-NM allo-

cation rules, although the TSAM had predicted no change.

TSAM predicted an increase in transplant rates for pro-

grams performing >75 transplants per year. There was no

significant difference in observed rates, but in both simu-

lated and observed data, transplant rates were higher at

larger programs. Waitlist mortality did not change signifi-

cantly in the DSA compared with the 250-NM population

by program volume in the observed data.

Table 2 Characteristics of the TSAM (2009−2011) and
Observed Transplant Cohorts (November 24, 2016−November
23, 2017; December 1, 2017−November 30, 2018)

TSAM Observed
Characteristics n (%) n (%) p-value

Age, years
18−34 418 (12.63) 493 (9.99) <0.0001
35−49 489 (14.77) 581 (11.77)
50−64 1,619 (48.91) 2,234 (45.25)
≥65 784 (23.69) 1,629 (33.00)

Sex
Male 1,873 (56.59) 2,937 (59.49) 0.009
Female 1,437 (43.41) 2,000 (40.51)

Race/ethnicity
White 2,709 (81.84) 3,916 (79.32) 0.004
Black 317 (9.58) 480 (9.72)
Hispanic 201 (6.07) 389 (7.88)
Asian 60 (1.81) 124 (2.51)
Other/unknown 23 (0.69) 28 (0.57)

Diagnosis groupa

A 956 (28.88) 1,274 (25.81) <0.0001
B 187 (5.65) 264 (5.35)
C 403 (12.18) 494 (10.01)
D 1,764 (53.29) 2,905 (58.84)

Blood type
A 1,300 (39.27) 1,934 (39.17) 0.035
B 400 (12.08) 555 (11.24)
AB 93 (2.81) 195 (3.95)
O 1,517 (45.83) 2,253 (45.64)

OPTN region
1 96 (2.90) 198 (4.01) <0.0001
2 489 (14.77) 824 (16.69)
3 396 (11.96) 497 (10.07)
4 412 (12.45) 584 (11.83)
5 450 (13.60) 779 (15.78)
6 81 (2.45) 100 (2.03)
7 273 (8.25) 367 (7.43)
8 220 (6.65) 292 (5.91)
9 120 (3.63) 210 (4.25)
10 403 (12.18) 631 (12.78)
11 370 (11.18) 455 (9.22)

Initial LAS
<35 745 (22.51) 1,172 (23.74) <0.0001
35−<40 762 (23.02) 1,103 (22.34)
40−<50 871 (26.31) 1,176 (23.82)
50−<60 398 (12.02) 453 (9.18)
≥60 534 (16.13) 1,033 (20.92)

Annual program
volumeb

<10 109 (3.29) 79 (1.60) <0.0001
10−25 870 (26.28) 785 (15.90)
>25−50 977 (29.52) 1,571 (31.82)
>50−75 523 (15.80) 758 (15.35)
>75 831 (25.11) 1,744 (35.33)

All 3,310 (100.00) 4,937 (100.00)

Abbreviations: LAS, lung allocation score; OPTN, Organ Procurement

and Transplantation Network; TSAM, thoracic simulated allocation

model.
aDiagnosis group A: chronic obstructive pulmonary disease; diagno-

sis group B: idiopathic pulmonary hypertension; diagnosis group C:

cystic fibrosis; diagnosis group D: idiopathic pulmonary fibrosis.
bTransplants per year.

436 The Journal of Heart and Lung Transplantation, Vol 39, No 5, May 2020



Figure 1 Transplant and waitlist mortality rates by primary diagnosis group. Predicted transplant rates and waitlist mortality (TSAM) in

the simulated DSA-first allocation scheme (black triangle) compared with the simulated 250-NM simulation (gray triangle) by primary

diagnosis group. Observed transplant rates and waitlist mortality in the DSA-first lung allocation policy (black circle) compared with the

250-NM allocation policy (gray circle). Simulated rates are shown as mean, minimum, and maximum rates per sub-group across 10 simula-

tion runs. Observed rates are shown as means and 95% confidence limits. CF, cystic fibrosis; COPD, chronic obstructive pulmonary disease;

DSA, donation service area; IPAH, idiopathic pulmonary arterial hypertension; IPF, idiopathic pulmonary fibrosis; NM, nautical mile;

TSAM, thoracic simulated allocation model; WL, waitlist.

Figure 2 Transplant and waitlist mortality rates by LAS. Predicted transplant rates and waitlist mortality compared with observed val-

ues stratified by LAS. Transplant rates increased with increasing LAS but did not differ meaningfully by changes in geographic distribution

area. Simulated rates were generally lower than observed rates. Waitlist mortality increased with LAS without a meaningful difference by

changes in geographic distribution area. DSA, donation service area; LAS, lung allocation score; NM, nautical mile; WL, waitlist.
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Discussion

Major findings

We found that the TSAM was a reliable predictor of the

impact of broader geographic sharing of donor lungs fol-

lowing replacement of DSA by 250-NM as the first unit of

allocation in US lung transplantation. TSAM predicted no

overall change in transplant rates or waitlist mortality, and

few changes have been observed so far, demonstrating that

the structure of the simulation model reliably predicted the

relative impact of the geographic allocation change. Actual

observed transplant rates and waitlist mortality were higher

than the TSAM predicted, which was expected given the

increase in the donor population and the increase in the pro-

portion of high-LAS candidates since the TSAM population

ended in 2011. Important updates to the LAS, changes in

the waitlist and transplant populations, and an increase in

deceased donors have occurred since that time.12 Because

of the mandate from the emergency injunction in November

2017, SRTR could not perform the time-intensive update to

the TSAM population before developing models to predict

the effect of the change from DSA to 250-NM as the first

unit of lung allocation.

TSAM performance in predictions for subgroups

TSAM predicted that a change from DSA to 250-NM allo-

cation rules would result in an increase in transplant rates

for group D, the group with the highest simulated rate, and

a decrease for group A, the group with the lowest simulated

rate. These predictions were not realized in the observed

population, although group D did maintain the highest rates

and group A the lowest transplant rates. This rate mismatch

may be affected by the LAS score revision that was imple-

mented on February 19, 2015. After the LAS revision, wait-

ing times became shorter, the number of group D

candidates stabilized, and the prevalence of extremely high

LAS values decreased.13 Although TSAM predicted

increased transplant rates under the 250-NM allocation

rules for patients with an LAS ≥50, observed rates were

similar between the 2 allocation rules. A concern related to

the DSA-based system was that organs were being allocated

to lower-priority recipients; however, the comparison of a

year of pre-policy and a year of post-policy transplants did

not show an increase in transplant rates for candidates in

the higher LAS categories.14,15 In candidates with an LAS

of ≥60, TSAM underestimated the magnitude of transplant

rates and overestimated the difference in the observed data

with the policy change.

TSAM did not predict a difference in transplant rates for

programs of similar volume; however, transplant rates

decreased at programs performing <10 transplants per year.
Only 152 candidates (2.0% of the total) were listed at pro-

grams performing <10 transplants per year in the observed

population, compared with 256 candidates (4.0%) in the

TSAM population. The small number of candidates under-

going transplant at such programs may limit the strength of

this finding.

Figure 3 Transplant and waitlist mortality rates by program transplant volume. Predicted transplant rates and waitlist mortality com-

pared with observed values by geographic distribution area stratified by transplant center volume. Transplant rates generally increased with

increasing center volume and observed rates were higher than TSAM predictions. The number of transplants occurring at low volume cen-

ters (<10 transplants per year) decreased with the change from DSA to 250-NM allocation policy. DSA, donation service area; NM, nautical

mile; TSAM, thoracic simulated allocation model; tx, transplant; WL, waitlist.
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Differences between TSAM predictions and actual
observations

The TSAM predictions underestimated both waitlist mortality

and transplant rates. These changes may be due to increased

transplant rates, increased donor numbers, and the 2015 LAS

revision, none of which are represented in the TSAM popula-

tion from 2009 to 2011.12 The number of lung transplants has

increased yearly, from 1,849 at the end of the TSAM popula-

tion to 2,478 in 2017, an increase of 34%.12 The number of

transplants has grown because of increasing use of technol-

ogy, such as ex vivo lung perfusion, and the increased number

of donors as a result of the opioid epidemic, an increase of

350% from 2003 to 2014.16,17

Transplant rates have increased yearly since the end of

the TSAM population. From 2009 to 2011, transplant rates

ranged from 87.1 to 102.8 transplants per 100 waitlist-

years, and in 2017, transplant rates among adult candidates

increased to 173.2 transplants per 100 waitlist-years. Wait-

list mortality remained more stable over this period, ranging

from 15.1 to 17.9 deaths per 100 waitlist-years despite an

increase in illness severity in lung transplant candidates.

Over the past 5 years, more candidates now require inten-

sive care unit hospitalization, mechanical ventilation, and

extracorporeal membrane oxygenation support before trans-

plant. The median LAS has not changed considerably since

2011, but this may be due to changes in LAS score calcula-

tion after the 2015 revision. Although the populations in

TSAM and observed data differed, the predicted trend was

often similar to the observed data, highlighting the value of

TSAM, despite limitations of an older population, for

studying potential changes to organ allocation.12

How TSAM compares to other simulated allocation
models

Simulated allocation models have been used in thoracic

(TSAM), liver (liver simulated allocation model [LSAM]),

and kidney and pancreas allocation to study the potential

impact of allocation changes.18 The LSAM was validated

by comparing projections before and after the Share 35 pol-

icy (2013), producing similar candidate, recipient, and

donor characteristics, and it correctly predicted the direc-

tionality of changes in transplant rates.19 The LSAM under-

estimated the number of transplants and overestimated

waitlist deaths as a result of the Share 35 policy, whereas

the TSAM underestimated both transplant rates and waitlist

mortality as a result of the change from DSA to 250-NM as

the first unit of allocation in lung transplantation. The kid-

ney and pancreas simulated allocation model has been used

to study the impact of the kidney donor profile index, lead-

ing to the implementation of a new kidney allocation

system in 2014, and was used to model waitlist time in the

pre− and post−kidney allocation system eras.20,21

Limitations

Limitations of simulated allocation models include simplifi-

cation of the complex system of organ allocation, inability

to account for changes in listing or acceptance practices,

and lack of granular data to estimate program-specific

effects of allocation changes. The TSAM is limited by the

use of retrospective populations and simulation of effects of

allocation 1 year at a time, which prevents the study of

long-term effects of a policy change in a modern popula-

tion. Simulation models do not use program-level data and

they cannot generate more granular predictions for 2 rea-

sons. First, small numbers, as is the case in program-level

transplant data, would generate unpredictable estimates;

second, all models, including organ acceptance models, are

based on national experience and do not account for varia-

tion in program-level practices. An additional limitation is

that mortality models are based on overall data and TSAM

predicts outcomes less well for small groups. Finally,

TSAM cannot account for changes in listing or acceptance

behavior caused by changes in policy, nor can it account for

changes in the donor pool or the addition of new technology

such as ex vivo lung perfusion or increasing use of extracor-

poreal membrane oxygenation.

In this work, we tested the ability of the TSAM to predict

changes in transplant rates and waitlist mortality in an out-

of-sample population. We found that the TSAM correctly

predicted that the change from DSA to 250-NM allocation

rules would not meaningfully affect transplant or waitlist

mortality rates but was unable to predict the magnitude of

these rates. Predicted transplant and waitlist mortality rates

differed in magnitude between the TSAM and the observed

population, reflecting the TSAM’s use of a population that

is outdated by nearly a decade and an increasing number of

donors over time. Although TSAM predicted trends cor-

rectly, interpretation of results should focus on relative

change, rather than anchor to specific predicted rates. Deci-

sion makers should be aware of this limitation and use

results accordingly when cohorts are not current. The

TSAM should be updated to ensure that a current cohort is

used to simulate important future changes in geographic

allocation rules.
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