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Abstract

Kidney transplanbutcomeghat vary by program or geopolitical unit may result from variability
in practice patterns or healthre delivery systemn this collaborative study, waompared

kidney graft.outcomeamong four countrie@Jnited States, United Kingdom, Australia and New
Zealand)on.three comhents.We analyzed transplant and follow-uggistrydatafrom 1988-

2014 for 379,25Tecipients ofirst kidney-only transplard using Cox regression. Compared to
the United"States, ongear adjusted graft failure risk was significantly higher in theedhit
Kingdom (HR 1.22, 95% CI 1.18-1.26, p<0.001) and New Zealand (HR 1.29, 95% CI 1.14-1.46,
p<0.001), butewerin Australia(HR 090, 95% CI 0.84-0.96, p=0.001h contrast, longerm
adjusted graft failure risk (conditionah oneyearfunction) was significantlyigher in the

United States compared to Australia, New Zealand, and the United Kingdom{#R.@5, and
0.74, respectively; each p<0.001). Thus, long-term kidney graft outcomasmoximately

25% worse,in the United Statésan in three other countries with well-developed kidney
transplantsystem&ase mix differenceand residual confounding from unmeasured factors
were founditosbe unlikely explanations. These findsuggesthat identification of potentially
modifiablescountryspecific differences in care delivery and/or practice patt#rosld be

sought.

I ntroduction

Kidney transplantatiors the preferred modality of renal replacement therapy for patients with
endstage'renal diseased is performed in nearly 100 countriesspite itdroad application,
longterm graftfailure remains an important limitationeidrKriescheet al. have reported that

kidney transplant half-life has increased only modestly in recent years in tieel Saies’

The regular reporting of postansplant outcomes to a centralizedistryin some countries

offers a uniquesopportunity to explore countgyel differences in outcom&im et al.showed a

49% higher.riskof death beyond the first post-traresp year in an-§ear cohort of United
Stateskidney transplant recipients compared to a cohort of Canadians transplanted in the same
time period’ However, the absolute long-term risk of death after kidney transplant is low, and

recipients more commonly face allograft failuBondos et al. reported that graft survival among
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various subsets of European kidney transplant recipients was superior tpauineg subsets
in United States patientssing period analysis ofatasubmitted voluntarily toéhe Collaborative

Transplant Stud§. Country outcomes within Europeere not analyzed.

Theoveralleffectiveness of welkstablished kidney transplant systems, using graft failure as the
outcome of interest, has not been studited country leveRather than undertake an individual
patient data'metanalysis, the opportunity tese detailegbatientievellongitudinal data from
transplants performed over the past quarter century in four asiotr three continents and
reported to registries with robust data tracking motivated us to perform ansthdize

overarching goal to determine the existence and magnitude of country-level differekoney

graft outcome:

Materials and M ethods

Patientlevel data were combined from three transplant registries covering four coontfiless
single-organrkidney transplants from 1988 through 2014, with follow-up through @64
obtained datasfrom the Scientific Registry of Transplant Rexip SRTR) for the United States
the NationalHealthServiceBlood and Transplant for the United Kingd¢dlHSBT), and the
Australia.and New Zealand Dialysis and Transp{ANZDATA) Registry for Australia and
New Zealand.

Baseline recipient, donor, and tratent variables were harmonized across the three data sources
prior to analysisAscertainment of graft failure, defined as the earl death, retransplant,
transplant nephrectomy, mitiation of orreturn to dialysiswas based upon transplant program
reporting to the respective registri@eath ascertainment was supplemented by lirkémather
national databases in the United Stagesithe United Kingdom Details of ANZDATA auditing

have been previousheported®

Recipient race . angrimary renal diagnosiseremissing for 33% and 38 of United Kingdom
recipients, respectively. Ischemia time for deceased donor transplants was misaidagpfor
7.9%, 46.5%, and 26.8% of transplants umstalia New Zealand the United Kingdom, and the
United Sates respectivelyand for living donor transplants for 1.5%, 0.5%, 20.7%, and 44.0%,
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respectivelyln the United Kingdom,acipient ace and ischemia time weretmollecteduntil
1998 and 2000, respectively. Donor cause of death was missing for 2.7% %naf @astralia
and New Zealandcases, respectivelfhe number of HLA mismatches was missing for 4.7%
and 1.8% of transplants in Australia and New Zealand, respectha@lyhe remainingountry
and variable.combinationgalues were missinfpr no more than 1% of subjectsill list of

covariates.given hew).

As recommended by Little et &f, missing data were handled by multiple imputation using the
sequential regression imputation metfpiinplemented with the Impute modudéthe IVEware
software packag&We performediO imputations for missing data. Modebults from individual
imputations‘were combined usiSf\S Proc MIAnalyze to calculate overtik effect estimates
and significance levelgresented in the papeResults of models fitted from complete case data

(TableS1) were very similar to those that used imputed data.

Descriptiversstatistics are given as median (quartiegliartile 3) for continuougariables and as

percentages for categoricatfars.

Cox regression models were used to compakeadjustedyraft failureamong the study
countries Separatenodek were fitiedfor oneyear Ehortterm) and longtermgraftfailure. The
shortterm graft failure model examined the time from transplant to graft fdétsrdefined
above) censored ahe later ofend of follow-up or ongear postransplant. The longerm graft
failure modelwas conditional on the recipient being alive vgtlaft function at ong/ear Time

at risk forthe longerm model began at one year pwatisplant and continued to the earliest of
graft failure(as defined abovegensoredt end of follow-up. In addition to the country
indicators, ovariatesn the shorttermand longterm modelsncludedrecipientcharacteristics
(age, sex, rac@rimary renadiagnosi$, donorcharacteristics (age, 9exionation type (living,
donation after brain death, donation after circulatory determination of death), calos®of
death, relationship to recipient, total ischetmae, HLA mismatch, and year of transplant.
Figuresillustratinggraft survivalover timeby country were produced using models stratified by
country andoresentedor each country at study average covanatieies. The shorterm model
revealed some evidee of non-proportional hazarasthe countryeffects country parameter
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estimates for this model should be interpreted as the average effects over the firanppkint
year. The long-term graft failure model showed no evidence of violation of the propbrtion

hazards assumption.

To test the rebustness of our long-term model within covariate sub-cohertsstedvhether
countryspecific hazard ratider the longtermrisk of graft failurevariedacrossstudy
subcohorts'defined by the levels or categoriesach tested covariati eachmodel,we
examined the countrgpecificrisk of graft failure restricted ta subcohort defined byspecific
level or category of oneovariate This was repeated for each level of all covariateth each
model adjusted,for all other covariates. Courspgcific hazard ratip-values were adjusted

using the stepdown Bonferroni adjustment for multiple compariSons.

We examinedrends incountryspecific hazard ratios over calendane with graft failure
models that includedountry,year of transplanfcontinuous), and country-byearinteraction

terms.

We explored the sensitivity of our results to the effect of potential unmeasuredroes

using the.méthod of Lin et &, depicted graphically according to Weintraub €€dlhis method
allowed us to assess whetlsggnificantdifferences ircountryspecificrisks of longtermgraft
failure could be explained by an unmeasypatientlevel confoundemwith disparate prevahce

across countries

Statisticallanalyses were carried out using SAS veB&B(SAS Institute; Cary, NCResults
with a twasided, pvalue< 0.05 were considered statistically significant.

Results

Descriptive statistics

There wered79,257 kidney transplants performed in the four countries from 1988 to 2014.
Characteristics of the stuadphort are shown in Table 1. Medigtipientage at transplant was
48; 61% of recipients were mal&ledian recipient age and sex were consistentss countries,

as were donor age and s@ke distribution of recipient race varied considerably by couagy
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did other donor variables. Living donor orgavsre used foB6%, 33%, and 40%f transplants
in the United States, Australiand New Zealad, respectively, and for 2bin the United
Kingdom. The proportion ofero HLA-mismatched transplants was highethe Uhited Sates
(8.8%) andthe United Kingdom (9.%6) than inAustralia 6.2%) and New Zealand(5.4%).

Oneyear and conditional lontgrm graftfailuremodels

Comparedtothe United Statdse bneyearadjusted risk of kidnegraft failure wa22% and
29% higherin‘the United Kingdom and New Zealand, respectiiAyl.22 and 1.2%ach
p<0.001) (Figure 1A)Theoneyearrisk of graft failure in Australia waswer thanin the United
StatefHR.090;,p=0.001).

In contrast to the ongearresults the risk oflong-term graft failurgconditional on function at
oneyear) was significantlower in Australia, New Zealandnd the United Kingdom compared
to the United Statedy 26%, 25%, and 26, respectivelfadjustedHR 0.74, 0.75, and 0.74
eachp<0.00%)«(Figure 1B Median graft survival timeat the overall average covariate values
werell.2years for the United Statesompared to more than 14;&ars for Australia, New

Zealandand the United Kingdom.

Longterm countryspecific graft failure risk by covariagbcohorts

Subcohort:models showdidiat the lower overall countigpecific adjusted risks of loAgrm
graftfailuresinfAustralia and the United Kingdom were mirroreccbygsistent results across
individual covariate levels fomostrecipient, donor, and transplgattors(Table?2). For
example separate models for eaphimary renakdiagnosis category showétht the riskof
longterm gratft failure in Australiand the United Kingdomwere lower thathe United States
within each categoryd{abetesHR=0.84 Australiavs United $ates HR=0.60 United Kingdom
vs United $ates glomerulonephritis: HR=0.78ustraliavs United Sates HR=083 United
Kingdom vs:United ftes other diagnosis HR=0.74ustraliavs United $ates HR=0.76 United
Kingdom vs:United fteg. These results suggest that importaffiect heterogeneitin
individual covariates by countwasunlikely to have been responsible for the large overall
differences in longerm graft failure ratedn one notable exception, the subcolwbntecipients
in the United States whose race was other than white or Asian (prindipatpt exclusively
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AfricanrAmericans) had significantlyetterlong-term outcomethan their counterpart
(principally but not exclusivelyAboriginal recipients) in AustraligSubcohort models comparing
New Zealand and the United States had limited statistical power due to small sample size, but

followed the same patterns as Australia and the United Kingdom.

To examine whether the type of health care insurance (for United States recipients)
disproportionately accounted for adverse United States outcomes, weoradditvonal modls
comparing all'recipients in the Australia, New Zealand, and United Kingdom issutatrl) the
subset of United States recipients with private health care insurance ande2yhose primary
health care insurance was governmended (Medicare/Medied). The risk of longterm graft

failure for the recipient subsets in the United States in both cases was significantly higher
(United States private insurance: [HR=0.86, p<0.001 Australia vs United $i&e6;86,

p<0.001 New Zealand vs United States; HR=0.90, p<0.001 United Kingdom vs United States];
United States Medicare/Medicaid: [HR=0.63, p<0.001 Australia vs United StHte<).66,

p<0.001 NewZealand vs United States; HR=0.65, p<0.001 United Kingdom vs United States]).

Time trenduin countngpeciic graft failure risk

The risk of'shorterm graft failuredecreasedignificantly over the 27-year cohort time period
(eachwithin-countryslopep<0.001) (Figure 2A)in 1988, one/earrisk was significantly higher
in New Zealand and the United Kingdom than in the United StatesOQ0T hereaftera
largerdecreas@n oneyeargraft failure risk occurredver timein those countries than in the
United StategUnited SatesHR=094 per year, Bw ZealandHR=0.92 per year; p=0.08), such
that the ongear risk became equal to the United Staye2014.Therate of improvemenn
one-year graft failure risk was not significantly different between the UnitdsSand
Australia. The impovement in ongearrisk of graft failure wasmallerin the United Kingdom
compared.tadhe/Unitel Statesalthough theeffect sizewvasmodestUnited SatesHR=0.94 per
year, LhitedKingdom HR=0.95 per year, p<0.001).

Long-term graft failure riskconditional on function at one yeatsoimproved inall four

countries over time (each p€01) (Figure B). The reduction in riskver time compared to the
United Statesyasslightly more markedn Australia AustraliaHR=0.961 per year, United
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StatesHR=0.967per yearp=0.03) (Figure B). Long-term outcome remained worse in the
United States throughout the period of study.

Possibility. ofan unmeasured confounder

We examined,whether the significantly higher risk of loeign graft failureafter kidney
transplantiin the United Statesuld beexplained byresidual confoundingy unmeasured

factors To'negate the observed counspecific differences, thesgould need tdea strong

enough association between the unmeasured factor, andesifficisparate prevalence of that
confounder, to cause the upper 95% confidence limit of the cospémific hazard ratio to cross
1.0. Various gembinations effect sizesl{azard ratiosdf a putative confounder and disparate
prevalencein the recipents of comparator countriegere testedrigure 3showsprevalence

curves forAustraliaplotted across a range of United States prevalence and hazard Tétse
represent combinations where the upper 95% confidence limit of the hazard ratio for recipients in
Australia versus the United Stat@s77) would be elevated to 1.00 by inclusion of the
unmeasuredreonfounddsiventhe existence of an unmeasured factahwaihazard ratio of 2.0,
Figure 3shows that the observed difference between the United Statésistndliacould only

be explained by a factor thatisat least31 percentage points more prevalent in the United
StateghanAustralia e.g., 366 vs 5% orlower, respectivelyForthe United Kingdom, the
difference in prevalence compared to the Uhiates would need to beleast35 percentage
pointsto explain thedifference inong-term graft survivahile the difference for New Zealand
would needtobat leas6 percentage points. For unmeasured confounders with hazard ratios

closer to 1:0xthe corresponding requidesparity in prevalenceaseven greater

Discussion

Kidney transplantation is affective treatment for erstage renal disease, but a search for
opportunities.to improve longermallograft functiondeserves attentiokVith the goal to learn
from differemces in outcomethis collaborative study useldtailedobservationatlatarepated
to well-established transplant registries on three contirierdssess differenceskidneygraft
outcomesacross four countriagsinga uniform analytical methodology. We found that
recipients in the United States had a lower risk of graft failure in the firstiaosiplant year
compared t@atients transplantad the United Kingdom and New Zealand (Inot significantly
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different than Australias). While one year ishetraditional shorterm milepost for assessing
outcome in kidney transplant, logrm outcome is a more relevant patieabtered metric. \&
found that the risk of long-term graft failure, among those whose grafts were fungtairone
year,wasapproximately 2% lower in Australia, New Zealand, and the United Kingdom than in
theUnited Statesln patienteentered terms, threpresents three years of forfeited kidney graft
functiontime for the average recipiemnt the United States.

To evaluate'the possibility that thieiliing differencesin overall graft failure risk- despite
extensive statistical adjustment for confounding covariatesredviven byheterogeneity of
effects, wesleveragetie large size of our cohort to focus on subcohorts. Compared to the United
Staks, bwer longterm riskwasconsistently demonstrated Australia, New Zealandand the
United Kingdomacross ahostall testedsubcohort®f recipient and donor demographics, donor
source and transplant characteristiesg.,HLA mismatch). The result for the heterogeneous
subcohorof recipient racether than white or Asian was an exception. Non-white,Asian
recipients injAustralia (principalljboriginal) had significantly worse outcome than their non-
white, nonAsian counterpart (ovevhelmingly AfricanrAmerican) in the United States. While it
is well established that Australi@boriginal kidney transplantecipiens haveworseoutcomes
than non-indigenoudustralian$®*'* and thatfrican-Americanshave worse outcomes than
whites in the United StatEswe were not able tdirectly compare results between Native
Americansn the United States anddigenousAustraliansdue to small sample sizes and
insufficientsspecificity of the underlying data, respectivéiyerpretation of this finding is
challengingyas there are mgogtentialdifferences between indigenous Australians and African
Americange.g., so@economics, pharmacogenomics, social systems, access tthaaragqy

explain the disparate outcomes.

It was not surprising thdtoth one year and lortgrm outcomesignificantly improved in each
country overthe quarter century encompassed by this study. This is consistent with
improvements.in kidney transplantatia@sults worldwideOne-year outcomes, which were
significantly better in the United States compared to the Unitadd§im and New Zealand in

the early years of the study, were similar in all four countries by 2014. For long-term ositcome
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the average reduction in graft failure risk ranged from 2.7% &b & year across the four

countries.

The rats of improvement cer timein long-term outcome in the United Kingdom and New
Zealand were,not significantly differefitom that in the United Statew/hile the rate of
improvement in Australia was significantly higher. Consequently, cospeegificdisparitiesn
longtermoutcomewere sustainedver time, even in the mostcentyears of the study; long-
term outcome’in the United States remains worse than in the United Kingdonaliauatrd

New Zealand.

We had aceess to rich clinical dattsfrom all four countriesthe three registries selected for

this study had comparable data collection methods, analytical conventions, and Inabitudi
follow-up. Nonetheless, unmeasured confounders could have accounted for the observed
differences.in outcomes. It has been postaththat kidney transplant recipients in the United
Statesmayhavemorecomorbid conditions thatontributeto graft failurethan recipients
elsewheré®|f'stich data were available, and if their inclusion as adjustment covariates negated
the observed excelmg-term graft failureisk in the United States patients, it would explain

why results'wee worsein the United StatedVe did not have uniform daten panel reactive
antibody levels, but the majority of firitne kidney transplant recipients are unsensitirethe
current study, we adjusted for the presence or absence of diabetes mellitus, but we did not have
access to patieii¢vel data on cardi@scular disease, peripheral vascular disease, or other
conditions.*€enceptually, howeveme or morevariables important enough to negate our

findings would haveequired, in aggregatea very large effect sizeombined with highly

disparate prevalende United States and ndonited States recipientShis seems unlikely from

a clinical standpoint, given the relative stringency of kidney transpaigient eligibility
assessmenAs.a further step, owtudy included apecific quantification of the gsibility of
unmeasureds€onfoundinging a method reported in other observational stddies: results

cast doubt'en,unmeasured confounding as the explanation for cepatific differences in

outcome.
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Limitations of the present study include the possibility of uraeertainment of gftefailure or
death. However,each of the registries used supplemental data sources to capture dialysis or
death. Racewasbased on registry files and may not be patient reported, a common problem in
most clinical studiedData on race were not availalite early years in the kited Kingdom
however, sensitivity analysesing complete cas#ata were consistent with the main anadys
performed usingnultiple imputation.

Internationalstudies of chronic diseases have the potential to reveal differences in outcomes that
result from countryspecific medical practice patterns or health care delivery systems that are
exogenousstospatient characteristiosthe Dialysis Outcoms and Practice Patterns Study, a
international prospective observational studheidaialysis patients, detailed adjustment for
multiple comorbid conditions failed to explagxcess mortalitamongUnited States dialysis
patients whereas more than half the excess was accounted for bytry-specific differences

in vascular.access practicésn kidney transplantationime-limited insurance coverage for
immunosuppressive medicatiomay mediae impaired longerm outcome in lowncome
recipients in the United Statésnd incomebasedutcomedisparities were ameliorated after a
threeyear-coverage limitation end&dln each of the countries other than the United States
studied here, health insurance coverage and medication availatglityiversal.Our sub

analysis showed that recipients in the United States with private basdihsurance and
governmenfunded health care insurance (Medicare/Medicaid) each had significantly higher
risks of longterm graft failure than recipients in Awalia, New Zealand and the United

Kingdom.

Aside from health care insuranckete are othetifferences in health care systeaml
potentiallyidentifiabledifferencedn postiransplant carpracticepatternghat would be
candidates. to. study as factors leading to disparate kidney transplant outcouneistiae world.
Focused studies afansplant center practicés.g., the extent to which uniform patient care
guidelines are .used; the timing and extent of return of care respongibitityhe transgnt
centerto local physicians; differences in immunosuppression practiceageded tdetter
understand the differencesoutcome we observed and to suggest interventions in post-
transplant care to test as best practices.
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Figure Legends

Figure 1. Adjusted graft survival by country for (A) oyearfollow-up (n=379,257 graft
failures=33,981) and (B) longerm follow-up conditional on being alive with a functioning graft
at oneyear(n=318,048 graft failures119,322) Survival curves for each country weyenerated
using average covariate values of the entire study cotote. that in panel (A) the-gixis has a
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break that zooms in on the upper part of the rangeatethe differences in shoterm graft

survival more easily visible.

Figure 2. Trend in isk of graft failure ovecalendatime 1988-2014 by country (A)dzardratio
(HR) of graftfailure within the first yeaand (B) long-term HR of graft failure conditional on
being alive,with a functioning graft at one year. The reference (HR=1.0) is the rigitof gr
failure in 1988in the United States

Figure 3. Effect/of potential unmeasured confounder. The graph showsangavan effect

and/or disparity.in prevalence of a single confounder would need to be to explain thersuperi
long-term graft‘outcome in Australia compared to the United States. For a gbvahepice in
Australia (eacliine represents a given prevalehe@din theUnited Statesdepicted on the x-

axis), the values on the y-axis represent the hazard ratios for graft failureothidtlve required

to account.for the difference in the observed risk of graft failure. The dot ilgthte fepresents

the examplegofian unmeasured confounder with a hazard ratio of 2.0. A prevaleriZeioti3é
United Statesand 5% or fewein Australiawould be necessary to negate the observed difference
in long-term.outcome. Adapted from Weintraub efal.

Supportingtnfor mation

Additional'Supporting Information may be found online in the supporting information tab for

this article:
Table S1. Complete case analysis of adjusted risk of ltrga graft failure versus the United

Staes by covariate subgroups. Bold face indicates statistically significant results. Each row

below represents a separate Cox regression using complete case analysis.
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Characteristic Australia New Zealand United Kingdom | United States Total
Median (Q1,Q3) or n(%) (n=13,582) (n=2,471) (n=44,781) (n=318,423) (n=379,257)
Recipient age (years) 48 (35,57) 46 (32,57) 46 (33,57) 48 (36,59) 48 (35,58)
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Recipient sex: male

8,318 (61.2%)

1,540 (62.3%)

27,746 (62.0%)

192,297 (60.4%)

229,901 (60.6%)

Recipient race

Asian 1,088 (8.0%) 165 (6.7%) 3,563 (8.0%) 14,939 (4.7%) 19,755 (5.2%)
White 11,343 (83.5%) | 1,748 (70.7%) 24,462 (54.6%) | 179,142 (56.3%) | 216,695 (57.1%)
Other 1,111 (8.2%) 555 (22.5%) 2,087 (4.7%) 124,314 (39.0%) | 128,067 (33.8%)
Missing 40 (0.3%) 3(0.1%) 14,669 (32.8%) | 28 (<0.1%) 14,740 (3.9%)

Recipient diagnosis

Diabetes

1,172 (8.6%)

262 (10.6%)

2,878 (6.4%)

75,446 (23.7%)

79,758 (21.0%)

Glomerulonephritis

6,231 (45.9%)

1,105 (44.7%)

7,104 (15.9%)

86,588 (27.2%)

101,028 (26.6%)

Other 6,179 (45.5%) 1,104 (44.7%) 18,003 (40.2%) | 156,154 (49.0%) | 181,440 (47.8%)
Missing 0 (0.0%) 0 (0.0%) 16,796 (37.5%) | 235 (0.1%) 17,031 (4.5%)
Donor age (years) 46 (33,56) 41 (28,51) 46 (33,56) 38 (26,49) 40 (26,50)

Donor sex: male

7,254 (53.4%)

1,255 (50.8%)

23,489 (52.5%)

169,534 (53.2%)

201,532 (53.1%)

Donor type

Living

4,540 (33.4%)

994 (40.2%)

11,060 (24.7%)

115,642 (36.3%)

132,236 (34.9%)

Deceased (brain death)

8,224 (60.6%)

1,455 (58.9%)

28,325 (63.3%)

188,502 (59.2%)

226,506 (59.7%)

Deceased (circulatory.

death)

818 (6.0%)

22 (0.9%)

5,396 (12.0%)

14,279 (4.5%)

20,515 (5.4%)

Donor cause of death

Trauma

2,910 (21.4%)

537 (21.7%)

7,242 (16.2%)

90,852 (28.5%)

101,541 (26.8%)

Non-trauma

5,765 (42.4%)

787 (31.8%)

26,327 (58.8%)

111,765 (35.1%)

144,644 (38.1%)

N/A (living donor)

4,540 (33.4%)

994 (40.2%)

11,060 (24.7%)

115,642 (36.3%)

132,236 (34.9%)

Missing

367 (2.7%)

153 (6.2%)

152 (0.3%)

164 (0.1%)

836 (0.2%)

Relationship to recipient

Sibling

1,110 (8.2%)

271 (11.0%)

3,019 (6.7%)

35,949 (11.3%)

40,349 (10.6%)
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Biologically related non-

sibling

1,901 (14.0%)

392 (15.9%)

4,581 (10.2%)

42,954 (13.5%)

49,828 (13.1%)

Biologically unrelated

1,529 (11.3%)

331 (13.4%)

3,455 (7.7%)

35,857 (11.3%)

41,172 (10.9%)

N/A (deceased donor)

9,042 (66.6%)

1,477 (59.8%)

33,721 (75.3%)

202,781 (63.7%)

247,021 (65.1%)

Missing 0 (0.0%) 0 (0.0%) 5 (<0.1%) 882 (0.3%) 887 (0.2%)
Total ischemia time

Living donor 2(1,3) 3(1,4) 3(2,4) 2(1,2) 2(1,3)

Deceased donor 14 (11,18) 16 (12,19) 16 (13,20) 19 (13,25) 18 (13,25)

Number of HLA mismatches

0 700 (5.2%) 134 (5.4%) 4,191 (9.4%) 28,037 (8.8%) 33,062 (8.7%)
1 1,307 (9.6%) 240 (9.7%) 4,926 (11.0%) 14,750 (4.6%) 21,223 (5.6%)
2 2,990 (22.0%) | 572 (23.1%) 11,901 (26.6%) | 35,416 (11.1%) | 50,879 (13.4%)
3 2,893 (21.3%) | 620 (25.1%) 13,289 (29.7%) | 66,119 (20.8%) | 82,921 (21.9%)
4 1,963 (14.5%) | 466 (18.9%) 6,479 (14.5%) | 66,991 (21.0%) | 75,899 (20.0%)
5 2,053 (15.1%) | 305 (12.3%) 2,729 (6.1%) 69,719 (21.9%) | 74,806 (19.7%)
6 1,044 (7.7%) 90 (3.6%) 921 (2.1%) 34,644 (10.9%) | 36,699 (9.7%)
Missing 632 (4.7%) 44 (1.8%) 345 (0.8%) 2,747 (0.9%) 3,768 (1.0%)

Era of transplant

1988-1994 2,697 (19.9%) | 522 (21.1%) 10,032 (22.4%) | 59,765 (18.8%) | 73,016 (19.3%)
1995-1998 1,605 (11.8%) | 365 (14.8%) 5,624 (12.6%) | 40,653 (12.8%) | 48,247 (12.7%)
1999-2002 1,809 (13.3%) | 381 (15.4%) 5,475 (12.2%) | 47,986 (15.1%) | 55,651 (14.7%)
2003-2006 2,023 (14.9%) | 342 (13.8%) 6,071 (13.6%) | 55,511 (17.4%) | 63,947 (16.9%)
2007-2010 2,521 (18.6%) | 426 (17.2%) 7,950 (17.8%) | 57,429 (18.0%) | 68,326 (18.0%)
2011-2014 2,927 (21.6%) | 435 (17.6%) 9,629 (21.5%) | 57,079 (17.9%) | 70,070 (18.5%)
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Table 2. Adjusted risk of lontgrm graft failure versus the United States by covasalbeohorts Bold face indicates statistically
significant results. Each row below represents a separate Cox regression.

Hazard ratio p-value* vs United States

Subcohort
Characteristic

count (n) United New United New United

Australia Australia
States Zealand Kingdom Zealand Kingdom

Overall 322,624 1.00 0.74 0.75 0.74 <0.001 <0.001 <0.001
Recipient age-at transplant: <12 8,449 1.00 0.73 1.25 0.79 0.087 1.000 0.029
Recipient age at transplant: 12 to 17 9,882 1.00 0.92 1.14 0.75 1.000 1.000 <0.001
Recipient age at transplant: 18 to 29 35,560 1.00 0.71 0.68 0.69 <0.001 <0.001 <0.001
Recipient age‘at transplant: 30 to 39 51,608 1.00 0.70 0.80 0.68 <0.001 0.236 <0.001
Recipient age at transplant: 40 to 49 70,690 1.00 0.75 0.62 0.74 <0.001 <0.001 <0.001
Recipient age at transplant: 50 to 59 78,217 1.00 0.80 0.84 0.76 <0.001 0.275 <0.001
Recipient age at transplant: 60 and over 68,218 1.00 0.76 0.76 0.84 <0.001 0.035 <0.001
Recipient sex: Female 127,274 1.00 0.76 0.70 0.74 <0.001 <0.001 <0.001
Recipient sex:"Male 195,350 1.00 0.73 0.79 0.74 <0.001 <0.001 <0.001
Recipient race: Asian 18,439 1.00 0.82 0.94 0.96 0.117 1.000 1.000
Recipient race: White 196,372 1.00 0.73 0.73 0.74 <0.001 <0.001 <0.001
Recipientrace®Other 107,813 1.00 1.40 1.12 0.56 <0.001 1.000 <0.001
Recipient diagnosis: Diabetes 69,376 1.00 0.84 0.69 0.60 0.014 0.006 <0.001
Recipient diagnosis: Glomerulonephritis 91,244 1.00 0.79 0.82 0.83 <0.001 0.009 <0.001
Recipient diagnosis: Other 162,004 1.00 0.74 0.75 0.76 <0.001 <0.001 <0.001
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Hazard ratio

p-value* vs United States

Subcohort
Characteristic - " .
count (n) United New United New United
Australia Australia
States Zealand Kingdom Zealand Kingdom

Donor age: <18 29,822 1.00 0.79 0.74 0.75 <0.001 0.159 <0.001
Donor age:nl8.to 29 68,956 1.00 0.74 0.75 0.74 <0.001 0.004 <0.001
Donor age : 30 to 39 63,698 1.00 0.74 0.83 0.71 <0.001 0.519 <0.001
Donor ages 40%to 49 75,487 1.00 0.74 0.71 0.75 <0.001 <0.001 <0.001
Donor age : 50 to 59 58,519 1.00 0.76 0.73 0.71 <0.001 0.001 <0.001
Donor age.:.60.and over 26,142 1.00 0.74 0.81 0.76 <0.001 1.000 <0.001
Donor sex: Female 150,971 1.00 0.73 0.74 0.73 <0.001 <0.001 <0.001
Donor sex :.Male 171,653 1.00 0.75 0.76 0.74 <0.001 <0.001 <0.001
Donor type: Living 117,489 1.00 0.76 0.87 0.71 <0.001 0.613 <0.001
Donor type=Deceased (brain death) 188,654 1.00 0.74 0.71 0.74 <0.001 <0.001 <0.001
Donor type.=Deceased (circulatory death) 16,481 1.00 0.70 1.18 0.69 0.077 1.000 <0.001
Donor cause of death (deceased donor):

86,576 1.00 0.74 0.75 0.74 <0.001 <0.001 <0.001
Trauma
Donor cause of/death (deceased donor):

118,559 1.00 0.74 0.68 0.74 <0.001 <0.001 <0.001
Other
Donor relationship to recipient

36,653 1.00 0.82 0.87 0.78 0.044 1.000 <0.001
(living donor)=Sibling
Donor relationship to recipient

44,694 1.00 0.72 0.81 0.68 <0.001 0.519 <0.001
(living donor): Biologic non-Sibling
Donor relationship to recipient

36,142 1.00 0.79 1.04 0.73 0.008 1.000 <0.001

(living donor): Biologically unrelated
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Hazard ratio

p-value* vs United States

Subcohort
Characteristic

count (n) United New United New United

Australia Australia
States Zealand Kingdom Zealand Kingdom

Total ischemia time: Living donor < 2 hrs. 49,838 1.00 0.78 0.95 0.68 <0.001 1.000 <0.001
Total ischemia.time: Living donor > 2 hrs. 67,651 1.00 0.73 0.81 0.72 <0.001 0.341 <0.001
Total ischemia time: Deceased donor < 20 hrs. 115,945 1.00 0.73 0.72 0.74 <0.001 <0.001 <0.001
Total ischemiatime: Deceased donor > 20 hrs. 89,190 1.00 0.78 0.68 0.75 <0.001 <0.001 <0.001
HLA mismatch: 0 29,611 1.00 0.72 0.88 0.77 <0.001 1.000 <0.001
HLA mismatchi1 18,923 1.00 0.76 0.84 0.80 <0.001 1.000 <0.001
HLA mismatch: 2 44,988 1.00 0.73 0.73 0.75 <0.001 <0.001 <0.001
HLA mismatch: 3 72,290 1.00 0.70 0.69 0.71 <0.001 <0.001 <0.001
HLA mismatch:4 63,922 1.00 0.79 0.71 0.71 <0.001 0.002 <0.001
HLA mismateh: 5 62,448 1.00 0.77 0.92 0.72 <0.001 1.000 <0.001
HLA mismatchi6 30,442 1.00 0.73 0.86 0.69 <0.001 1.000 <0.001
Year of transplant: 1988-1994 60,257 1.00 0.83 0.75 0.78 <0.001 <0.001 <0.001
Year of transplant: 1995-1998 42,023 1.00 0.73 0.78 0.74 <0.001 0.019 <0.001
Year of transplant: 1999-2002 49,174 1.00 0.66 0.75 0.68 <0.001 0.013 <0.001
Year of transplant: 2003-2006 57,689 1.00 0.71 0.66 0.65 <0.001 0.005 <0.001
Year of transplant: 2007-2010 62,971 1.00 0.70 0.85 0.73 <0.001 1.000 <0.001
Year of transplant: 2011-2014 50,510 1.00 0.67 1.05 0.90 0.033 1.000 1.000

*P-values were adjusted for multiple comparisaamg stepdown Bonferroni method.
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