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Abstract

Variation in hearand lung offer acceptance practices may afiecbbers of transplanted
organs andreatevariability in waitlist mortality. To investigate these issues, offer acceptance
ratios or adjusted odds rasgfor heart and lung transplant programs individually fomall
programs withirdonation service areas (DSAs) were estimated wsfiegs from donors
recoveredJuly™l, 2016-June 30, 2014ggistic regressions estimatdte association d)SA-
level offeraceceptance ratios widonor yield and local placement of organs recovered in the
DSA. Competing risk methodologgstimatedhe assoation of programievel offer acceptance
ratios with.ngidence and rate of waitlist remavedle to death or becoming too sick to undergo
transplantHigherDSA-level offer acceptance was associatgtth higheryield (odds ratie
[ORs]: lung,1.042.11 16, heart 1.001.21; 35) andmorelocal placement of transplantedyans
(ORs:lung, 1.011.12; »4; heart 1.471.691 93). Higher programevel offer acceptance was
associated,with lower incidence of waitlist remodaé to death or becoming too sick to undergo
transplant(hazard raB§HRs]: heart,o 800.86.93 lung, 0.670.7%.83), but notwith rateof waitlist
removal HRsheart 0910.98; o6, lUNG, 0.890.991.10). Heart and lungffer acceptance practices
affectednumbers of transplanted organs andtributed tqprogramtevel variability in the
probabilityef waitlist mortality.

I ntroduction

Offer acceptance practices aeeeivingincreasingattentionin the transplant community
Transplant.typically conferssurvival benefito candidatesomparedvith remaining on the
waiting list=>:thérefore, higtoffer acceptance may improsarvival outcomesor listed
candidates through better access to transpléin relationshipwvasestablished ifiver
transplantatiorwherelow programspecific acceptanaef the firstorganoffer was associated
with additional mortality on thevaiting list® Also, offer acceptance ia conceptual component
of allocation efficiencybecause below average offer acceptance may leamhtéocal organ
placementlonger cold ischemia times and, ultimately, discard. For example, in kidney
transplantation, higbffer acceptance in@onation service are®§A) was associated with
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higher kidney yield (kidneysansplantedrom a donor)|ower cold ischemia timegand higher
odds oflocal organplacement.

Despite potentially important practical implications, organ offer degdimited in
complexwaysthat may obscure the expected association between offer acceptance and waitlist
mortality. Specifically, organ offer data can only evaluate offers for eventually adoegans,
and programs.can screen offers out of match runs (i.e., never receive anafiedpfrors with
certain ¢linical"’characteristics; e.g., lung programs may not transpiayg from donors who
recently smoked. Programs that aggressively screen offers could agpbielvapparent offer
acceptance despite providing poor access to transplant. Conversely, programs that consider every
offer may have,low apparent offer acceptance but provide better access tantafi$ps may
attenuate the expected association of offer acceptance with waitlist mortality because offer
acceptance may no longer reflect progilanel variability in access to transplant. Thus, due to
the difficult and potentially confounding nature of offer acceptance data, an empirical evaluat
is necessary to establish the association between offer acceptance and waitlist mortality.

In heartiand lung transplantation, organ offer acceptance practices amagquayt
important duesto relatively high rates of waitlist mort&litgnd low rates of organ yield
comparedswith kidney and liver transplantati8iThoracic transplantation differs from kidney
transplantation in important ways that may modify the previously establishedbéissanf
organ offer acceptanawith organ yield and local placement of transplanted or§&irst, hears
and lungs are more difficult to transport than kidneys. This could create a stronger depende
between the"acceptance practices of programs in proximity to the donor and organngeld. Si
low acceptance atearby programs may be more difficult to overcome, the offer acumpta
practices of nearby heart and lung programs could be more strongly associated with aigan yiel
and local placement than kidney offer acceptance. Second, the relatively lovedrorgjan
yield and lower level of program competition within DSAs could motivate organ procareme
organizations (OPOs) to avoid offering and/or recovering hearts or lungs that would be
unacceptable™to local prografisSince offer acceptance data can only evaluate eventually
accepted Orgaristhis could attenuate the assomatbf heart and lung offer acceptance with
organ yield and, especially, local placement of transplanted organs compareimeghddfer

acceptancel o determinewhetherthese limitations modify the expected relationshiyes
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estimated thempirical asso@tionsof offer acceptancwith waitlist mortality, organ yield and
local placemenin heart and lung transplantation.

M ethods

This'study used Scientific Registry of Transplant Recipients (SRTR) data. The SRTR
data system'includes data ondhors, waitlisted candidates, and transplant recipients in the
US, submitted by the members of the Organ Procurement and Transplantatiork NEfADN),
and has been-described elsewh&fhe Health Resources and Services Administration, US
Department'of*Health and Human Services, provides oversight of the actvitiesOPTN and
SRTR contractors.
Heart and Lung Offer Acceptance Models

The heart and lungffer acceptance models were estimatgti offer data (callednatch
runs for individual donors) for donors recovered between July 1, 2016, and June 30, 2017.
Discretetime 'survival models estimated the probability of acceptance separateffefsrto
pediatricand adultandidatesrom match runs that ended in acceptance, and were estimated
with generalized linear models with a logjitk. The timescale was the number of previous
offers, and a senparametric baseline hazard function (i.e., the effect of the number obysevi
offers) ensured a non-zero probability of acceptance for each offehegnt offer acceptance
modelstratifiedoffersto adult candidatelsy donor age< 40 or > 40 years. The lung offer
acceptancesmodstratifiedoffersto adult candidatesy donor risk levelhigh-risk donorsvere
aged> 55 years, continually useigaretes inthe past 6 months, or donated after circulatory
death. Both models adjusted for several other donor/candidate factors, inclu@imgy Rg
offer acceptance and ejection fraction for heart offer acceptBndéerdocumentation,
including the denodandidate factorand inclusion/exclusion criteriare accessible on the
SRTR websitefttps://www.srtr.org/reportols/riskadjustmenimodelseffer-acceptancé/

Estimation of Program- and DSA-Level Offer Acceptance Ratios
Heart and lung offer acceptance ratios were estimated separately from the offer
acceptance models to alleviate the computational burden. After the heamgrudfér
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aceptance modelwere estimatedseparatgeneralized linear mixed mod€{SLMMs) with a
logit link estimated th@rogram- andSA-level offer acceptance ratios witlcarresponding
random intercept terri?. The GLMMs accounted for donor and candidekaracteristics through
an offset term equal to the linear predictors from the appropriate offer acceptancelimeskel.
program- and,DSAevel offer acceptance ratios were used as predictors in the primary analyses.
Association.of DSA-Level Offer Acceptance Ratios with Organ Yield and Local Placement

Multiplelogistic regressi@estimatedhe association between D3ével offer
acceptance'ratios (on log base 2 scale) and the likelihaogaryield and local placement of
transplante@rgansfrom donorsrecovered in the DSA. Thargan yieldanalysis used recovered
donors, i.es denors from whoanmy solid organ was recoverdar the purpose of transplant.
Donors were includednly if the recovering DSA hadn activeheart or lungransplant program
betwea July 1, 2016, and June 30, 2Q1Hiswas required to guarantee the existence of the
DSA-level offer acceptance ratibhe Supplementary Materials specify the donor characteristics
included in.each model
Associ ationef*Program-Level Offer Acceptance Ratios with Waitlist Removal Due to Death or
Becoming Teo'Sick to Undergo Transplant

Waitlist mortality was assessed in the competing risk framework forttimamoval
from the waiing list. The competingisksof waitlist removalwerecategorized as: removdiie
to transplant, deattbecoming too sick to underg@nsplant, or other reasoMge were
interestedin the effect of offer acceptance on remawalto death or becoming too sick to
undergaransplant (i.e., a composite outcomB)e analyses usedperiodprevalent cohort of
candidatestentthe waiting list between July 1, 2016, and June 30, 2017. Thedieeras
calendar timeCandidates listed after July 1, 20W&re lefttruncated at the time of listingnd
candidates stibn the waiting list on June 30, 201vere rightcensoredCandidates listed for a
heart or lungalone transplant were included in the anadyse

The association between progréewel offer acceptand@n the log base 2 scala)d the
incidenceof.death or becoming too sick to undetgansplanivas estimated with Fine and Gray
methodology.adapted to left-truncatiori. The association of progratavel offer acceptance
(on the log base 2 scale) with the rate of waitlist removal due to death anibgdoo sick to
undergo transplant was estimated with a Cox proportional hazards model that censored for
removal from the list for reasons other than death or becoming totf'{@khe Supplementary
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Materials specify the candidate characteristics included in each model. Missing data were
imputed with the median of the non-missing values, and a missing indicator was included in the
regression models. The effect of continuous risk factors was estimated with penalized splines.

The incidence but not the rate of waitlist mortality depends orateeftransplant-®*’

Since high_offer acceptansbouldaffectwaitlist mortality through better access tartsplant,

we anticipatedhathigh offer acceptance would be associated with lower incidence of waitlist
mortality but'have no association with the rate of waitlist mortalitybetter evaluate this
hypothesiswe estimated the association of offer acceptance with incidence and rate of deceased
donor transplant.

For.bath heart and lung transplatibn, sensitivity analyses considered the effect of
programlevel offer acceptanaatioson removal due to death and, separately, removal due to
becoming too sick to undergo transplant.

Data Analysis

All analyses were completed in R v3.3.3. The logistic models and the corresponding
splines forseontinuous variablegre estimated with thHemgcv' package. The survival models
were estimated with thsurvival” packageand the fnstaté package estimated the appropriate

weights for.the Fine and Gray methodoldgy.

Results
Characteristics of Heart and Lung Offers (Table 1)

Foroth heart and lung transplantation, the acceptance rate was highestirfsr dfffef
(28% and 249%, respectively) and substantially lower for organs with more than 10 previous
offers (3%).Later offers involved, on average, older candidates and older recipients. In lung
transplantation, later offers involved lower donorZHévels andigher proportions of donors
with a smokinghistory. In contrast, donor ejection fractiéor heart offeravas relatively
constant early.and late the match run
Characteristies of Heart and Lung Candidates (Table 2)

Lungrcandidates were more likely to be listed during the cohort, or after July 1, 2016,
than heart candidates (67% and 51%, respectivalyly candidates included in the period
prevalent cohort were most likely bave undergongansplant (55%) aio remain on the
waiting list (32%)at theend of the cohort (June 30, 2017). In contrast, removal from the waiting
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list due to death or becomingo sick to undergo transplant (8%) or other reasons (4%) occurred
less oftenHeart candidates were Idgeely to undergo transplant and more likely to remain on
the waiting listthanlung candidates (37% and 47%, respectively).

Association of Heart and Lung Offer Acceptance with Organ Yield and Local Placement (Figure

1)

For:both heart and lung transplatibn DSA-level offer acceptance was associated with
organ yield"and'local placemearitdonors recovered in the DSRigheroffer acceptanceas
associated with' higherdds of orgaryield (odds ratiosQR]: heart,1.091.21; 35, lung, 1.041.115 19)
and local placement of orgarecovered in the DSAOR: heart; 471.69 o3 lung, 1.011.12; 24).

For example gdoubling the DSlavel offer acceptance ratio was associated with 21% and 11%
higher doner yield of, respectively, hearts and lungs. Additionally, the association offieing
acceptance with local placement of transplahtedswasrelativdy weak, especially in
comparison withheart transplantation.

Association.of Program-Level Heart Offer Acceptance with Incidence and Rate of Transplant

and Waitlist"Mertality (Figure 2)

Heart offer acceptanagasstrondy associateavith both incidence (hazard ratio [HR]:
1.331.3843)+and rate ofvaitlist removaldue to undergoingansplant (HR1.341.3% 44). Heart
offer acceptance aldmdthe anticipateé@ssociation with incidend@iR: ¢.s00.8693) but not rate
of waitlist death or removal due to becoming too sick to undergo trangiR&ng 910.981 o6).

For example, a doubling of the offer acceptance ragbdseen heart transplant programs was
associatedwith, 84% lowerhazardfor incidence of witlist removaldue to death or becoming
too sick. Heart'offer acceptance had a slightly stronger association with incidevendisf
removal due to becoming too sitKR: .720.81y.90), and & attenuated association withcidence
of waitlist removaldue todeath(HR: 0.850.941 05). In contrast, heart offer acceptance was not
associateavith.the rate of waitlist removédbr the composite endpoifiHR: ¢.910.98; ¢6) OF,
individually, fordeath(HR: ¢.951.06; 19) Or becoming too sickHR: 520.91; o2).
Association.ef'Program-Level Lung Offer Acceptance with Incidence and Rate of Transplant and
Waitlist Mortality (Figure 3)

Lung offer acceptanosasstrondy associatedavith incidence (HR31.521.58; 64) and rate
of waitlist removaldue to undergointransplant (HR:15,1.57; 63). Lung offer acceptance also
hadthe anticipategssociation with incidendeiR: ¢670.75% .83) but not rate of waitlist death or
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removal due to becoming too sick to undergo transglRt 5 500.99 10). For example, a
doubling of the offer acceptance ratios between lung transplant programs wadessathiean
approximately 25% lower hazafor incidence ofvaitlist removaldue to death or becoming too
sick. Similar associations were observed when separately comgjdenmovaldue todeath

(HRs: incideneey 620.72 g4, rate,o.s00.93;.09) andbecoming too sickHRs: incidence,
0.670.78.91; ¥at€40,891.04 21).

Discussion

Despite the limitations of organ offer data, we found tingtt heart and lung offer
acceptancaithin a DSAwas associated withigher organ yield anldwerincidence buhot
rate of waitlistimortalityThe distinguishing difference between waitlist mortality incidence and
rate is that the former depends ontita@splant raté®” Since high offer acceptance was
strongly associated with a higher transplant rate, programsigitioffer acceptanckkely had
lowerincidence ofwaitlist mortalitybecause they performed transplants bedaredidateslied
or becamdoorsick to undergo transplamiowever, offer acceptance was likely not associated
with pretransplantare beyond the effeohaccess to transpladtie tolack of an association
with the waitlist mortalityrate Thus reducing variability irheart and lungffer acceptance
practicesmayreduceprogramlevelvariability in the incidence ovaitlist mortality.

Measuring offer acceptance among heart and lung transplant programs provides
opportunities for improving orgayield and reducingariability in waitlist mortality.In
particular, therassociation with organ yield suggests that improving offer accemould
increase thesnumber of transplaiRTRrecentlyintegratecheart and lungffer acceptance
into the progranspecific reportso helpprograms benchmark acceptance practieksdive to
other programs. SRTR also proggbffer acceptanceumulative sumGUSUM) charts that
allow monitoring of more recent offer acceptance practices and may help programs identify
periods with unexgctedlylow offer acceptanc¥ As an alternative approagcinformation could
be provided-during the offer procdssimprove acceptance.g., the probability of receiving a
better offefwithin a montff Further research shodilivestigate the efficacyf different
approachefor improvingoffer acceptance.

Approaches toeducing variability iroffer acceptance haymtential limitations. The
most important iprograms’ability to screen offersut of match runfrom donorswith certain
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characteristicse.g., never receive offers from donors aged older thge&® This limitation
couldcausepolicy and/or regulatory interventions to incentivize programs to screes ofié of
match runs without necessarily improving access to transplénle screaing offers out of
match runs could improve organ yield by reducing the numibeffers required to place an
organ, offer,acceptance provides an opportunity to begin a discussion of an important
determinant in.access to transplartius, further research should consider interventiongrihat
to improvethe“overall acceptance rate, which may improve organ wiagld,simultaneously
reducing the"variability imccess to transplaatross programs.

Offer acceptance is a pretransplant neetinatdoes not account for posttransplant
outcomes Fhissis potentially problematic because programs kigh offer acceptance may be
transplantin@rgans from high-risk donors that may not confer significant survival béhefit.
While transplant rateare not associated with posttransplant outcofhagnetric that integrates
pretransplant and posttransplant outcomes may lakseribe the overall patient experience at a
program.Fer example, a recently proposeétricconsidered survival among lung candidates
who underwent transplaftalthough survival from listing coulalsoprovide a straightforward
alternativeapproach fointegratingthe pretransplant and posttransplant experiexi@ program.
Alternatively, clinical support toolsnay help chaacterize scenarida which accepting an offer
of a heart-orlung may confer a survival benefit relative to declining and remainihg on t
waiting list for a better offefThere is substantiaésearch on clinical support tools in kidney and
liver transplantatiod>?’ but a relative paucity afuchtoolsin heartand lungtransplaration
This is particularly important becauiee organ shortage hreart and lungransplantation igess
severedue tofewertransplant candidat@s which maylead b moreinstancesn which
declining an offer couldhaximizepatient survivacompareavith kidney orliver
transplantation

While. mostkey variablesvere included in offer acceptance models could not
account forll variables For example, alculatedpanelreactive antibodiesQPRA) could affect
offer acceptance practicessoffer acceptance fdrighly sensitized candidates maylbower
than expected.due to offers from incompatible donarsudr offer acceptance would likely limit
access to transplaand therefore be associated wathigher incidencef waitlist mortality.
Unfortunately, CPRA datareinsufficiently collected in heart and lung transpédian although
the recent heart policsalled foradditional data collectiofor sensitized candidatehe role of
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CPRA in offer acceptance and waitlist mortality should be revisitedatliection of sufficient
relevantdata.

We have shown that organ offer acceptance practices may serve as an important tool for
reducingvariability in access to heart and lung transplant and improving organ yield. Reducing
variability in.access to transplastespecially importardue to the corresponding increasdhia
incidence ‘ofvaitlist mortalitythat results frontow offer acceptance
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Figure L.egends

Figure 1. The adjusted odds ratios for a doubling in the [@8&loffer acceptance ratios for
organ yield and local placement of organs recovered in the local DSA. The orgaamyilgisis
includedrecovered donors, and the local placement analysis included transplamedTdrga
heart and lunganalyses adjusted for common donor factors: hepatitis C, hBpAtgtsry of
hypertension, diabetes status, insulin dependence, mechanism of death, Publi§éteih
increased infectious risk, sex, blood type, cause of death, circumstance of death¢cpasnt

cigarette use, past or current cocaine use, past or current use of other drugs, current alcohol use,
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history of cancer,ardiac arrest after brain death, history of myocardial infarction, protein in
urine, recovery outside of the contiguous United States, pO2, pO2/fi02, serumiecatialy
mass index, and age. The heart models also adjusted for ejection framtidghdung models

for time between support withdrawal and cross-clamp for donation after circulasdhy DSA,
donation service area.

Figure 2. The adjusted hazard ratios for a doubling in the prolgnaghheart offer acceptance
ratios for the“incidence andte of removal from the waiting list duettansplantgdeath being

too sick to'undergo transplaatyd a composite afeath and being too sick to undergo transplant.
The distinguishing difference between incidence and rate is that incidence depé¢heste of
every remevalreason, while rate is independent of the other removal rédsmasalyses
adjusted for'several candidate characteristics at listing: s®d bfpe, life support, height,
missing height,\weight, age at listirgtra-aortic balloon pump, drug-treated hypertension,
cardiovascular disease, peripheral vascular disease, pulmonary artery diastolic pressure, missing
pulmonary.artery diastolic prag®, current or former smoking, prior cardiac surgksyed after
July 1, 2016y7and time on the list on July 1, 2016.

Figure 3. Theradjusted hazard ratios for a doubling in the proignsehlung offer acceptance
ratios forthe incidence and rate of removal from theimglist due totransplantdeath being

too sick tosundergo transplaaiyd a composite afeath and being too sick to undergo transplant.
The distinguishing difference between incidence and rate is that incidence depé¢hesite of
every removal reason, while rate is independent of the other removal rédsmasalyses
adjusted for'several candidate characteristics at listing: sex, blood tgidport, height,

missing height; weight, age at listing, history of cigarette use, prior lung surgensgealise
grouping,lung allocation score at listing, listed after July 1, 2016, and time on the list on July 1,
2016.

Supporting lnformation

Additional Supporting Information may be found online in the supporting information tab for
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Table 1. Summary statistics for offered hearts and lungs across different points in the match run

Offer Characteristics
Offer 1 Offers 210 Offers > 10

Heart transplantation

Numbertof offers 2941 10,693 24,864
Acceptanee 820 (28%) 1514 (14%) 667 (3%)
Candidate characteristic
Age, yrs. 44 (20) 48 (18) 53 (13)
Status 1 2399 (82%) 6320 (59%) 8842 (36%)
Listed with VAD 1085 (37%) 4191 (39%) 11427 (46%)
Donor characteristics
Age, yrs. 29 (13) 32 (14) 39 (12)
Ejectionsfraction % 61.9 (6.8) 61.6 (6.7) 61.9 (6.8)
Lung transplantation
Number of dfers 2172 9851 23486
Acceptance 520 (24%) 1092 (11%) 714 (3%)
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Candidate characteristic

Age, yrs. 51 (16) 54 (14) 56 (13)
Disease group A 221 (10%) 2161 (22%) 8438 (36%)
Disease group B 125 (6%) 563 (6%) 1087 (5%)
Disease.group C 369 (17%) 1331 (14%) 2578 (11%)
Disease. group D 1457 (67%) 5796 (59%) 11383 (48%)
Donor“characteristics

Age, yrs. 35 (14) 36 (14) 38 (14)
P02 mmHg 372.2 (143.1) 366.4 (143.1) 351.2 (148.4)
Smoking history 148 (7%) 789 (8%) 2290 (10%)

Note: Values.aren (%) or mean (standard deviatioBach comparison was statistically
significant:

VAD, ventricular assist device.

"Disease groupsA, obstructive lung disease; B, pulmonary vascular disease; C, cystic fibrosis
and immunodeficiency disorders; D, restrictive lung disease.

Table 2. Summary statistics of candidates waiting for a heart or lung trainspthcandidate
status at thesend of the cohort period (June 30, 2017)

Characteristic at Listing Lung Candidates Heart Candidate:

Total candidates 4237 7619
Candidates listed during cohdafter July 1, 2016 2837 (67%) 3883 (51%)
Candidate age,.yrs. 56 (13) 53 (13)
Candidate malsex 2157 (51%) 5739 (75%)
Waiting listsstatus on June 30, 2017

Still on waiting list 1372 (32%) 3600 (47%)

Removed due.to deatin becoming too sick 333(8%) 571 (7%)

Removed due to transplant 2344 (55%) 2855 (37%)

Removed due to other reasons 188 (4%) 593 (8%)

Note: Values aren (%) or mean (standard deviatioRemoved due to death or becoming too

sick was the only comparison that was not statistically significant.
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