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Abstract

Background: Desensitization protocols for HLA-incompatible living donor kidney
transplantation (ILDKT) vary across centers. The impact of these, as well as other practice
variations, on ILDKT outcomes remain unknown.

Methods: We sought to quantify center-level variation in mortality and graft loss following
ILDKT using a 25-center cohort of 1,358 ILDKT recipients with linkage to SRTR for accurate
outcome ascertainment. We used multi-level Cox regression with shared frailty to determine the
variation in post-ILDKT outcomes attributable to between-center differences, and to identify any
center-level characteristics associated with improved post-ILDKT outcomes.
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Results: After adjusting for patient-level characteristics, only 6 centers (24%) had lower
mortality and 1 (4%) had higher mortality than average. Similarly, only 5 centers (20%) had higher
graft loss and 2 had lower graft loss than average. Only 4.7% of the differences in mortality
(p<0.01) and 4.4% of the differences in graft loss (p<0.01) were attributable to between-center
variation. These translated to a median hazard ratio of 1.36 for mortality and 1.34 of graft loss for
similar candidates at different centers. Post-ILDKT outcomes were not associated with the
following center-level characteristics: ILDKT volume and transplanting a higher proportion of
highly sensitized, prior transplant, pre-emptive, or minority candidates.

Conclusion: Unlike most aspects of transplantation where center-level variation and volume
impact outcomes, we did not find substantial evidence for this in ILDKT. Our findings support the
continued practice of ILDKT across these diverse centers.

Keywords
Mortality; graft loss; incompatible living donor kidney transplantation

INTRODUCTION

HLA-incompatible living donor kidney transplantation (ILDKT) allows for transplantation
in the face of donor-specific antibody (DSA) through the use of various desensitization
protocols.1:2 ILDKT has been used to facilitate transplantation for highly sensitized
candidates, who potentially face prolonged waiting times for kidney paired donation or
deceased donor kidney transplantation.3-> Despite this widespread use, published reports of
ILDKT have shown significant differences in graft survival across studies and centers, with
1-year survival ranging from 82% — 100% and 5-year survival ranging from 69.4% — 95.1%.
6-17 The reasons for these wide variations in post-ILDKT outcomes have not been fully
characterized.

To date, studies of ILDKT outcomes have focused on the role of patient-specific factors. For
example, one study reported a 1.64-fold increased risk of graft loss among ILDKT recipients
with a positive flow cytometric crossmatch compared to compatible living donor kidney
transplant recipients, and a 5.01-fold increased risk for ILDKT recipients with a positive
cytotoxic crossmatch.18 Another study of recipients with pre-transplant DSA found that
having a pre-transplant DSA with a mean fluorescence intensity, a semi-quantitative
measure of antibody strength based on Luminex bead testing, of >8000 was associated with
a 23-fold increase in the risk of antibody-mediated rejection, an important predictor of graft
loss for which ILDKT recipients are at particular risk.19-21 However, patient-specific factors
alone may not explain the wide variation in post-ILDKT outcomes across studies.

Center-level factors could plausibly impact outcomes following ILDKT, but have thus far
not been studied. For example, it is possible that centers that perform more ILDKT, and
therefore likely have standardized pre- and post-transplant protocols, may have better
outcomes. Additionally, centers that more commonly perform higher-risk ILDKT, such as
transplanting a higher proportion of recipients with a positive cytotoxic crossmatch, might
be more equipped to manage pre- and post-ILDKT DSA. An understanding of the center-
level factors associated with post-ILDKT outcomes may identify possible interventions to
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reduce the wide differences in reported post-ILDKT outcomes. To investigate this further,
we used a 25-center ILDKT cohort to provide a more granular assessment of center-level
variation in outcomes after ILDKT. The goals of our study were to describe and quantify
center-level variation in outcomes after ILDKT, and to identify center-level characteristics
associated with high-performing or low-performing centers.

METHODS
Study population

The study population was drawn from a previously described existing cohort of adult (=18
years of age) patients undergoing ILDKT at 25 centers across the United States between
1997 and 2016.2 ILDKT recipients were defined as patients who received a kidney
transplant from an HLA-incompatible living donor requiring any method of desensitization
therapy for DSA identified prior to transplantation.18 Each center was asked to categorize
patients as having undergone ILDKT across a positive Luminex crossmatch, flow cytometric
crossmatch, or cytotoxic crossmatch based on whatever information was available at the
time of transplant.

Data Linkage

Data source

Data on ILDKT recipients (such as strength of pre-transplant DSA) provided by the
participating transplant centers were linked to the SRTR for reliable ascertainment of
mortality and graft loss. The SRTR supplements mortality and graft loss ascertainment
through linkage to Medicare data and the Social Security Death Master File.

This study used data from the Scientific Registry of Transplant Recipients (SRTR). The
SRTR data system includes data on all donor, wait-listed candidates, and transplant
recipients in the US, submitted by the members of the Organ Procurement and
Transplantation Network (OPTN), and has been described elsewhere.?? The Health
Resources and Services Administration (HRSA), U.S. Department of Health and Human
Services provides oversight to the activities of the OPTN and SRTR contractors. This study
was approved by the Johns Hopkins University Institutional Review Board.

Center-level variation in mortality and graft loss after ILDKT

To quantify center-level variation in mortality and graft loss following ILDKT, we used a
Cox proportional hazards model with shared frailty, which allows a random effect for each
center.23 In other words, each center was allowed to have a different underlying hazard of
mortality and graft loss. The term shared frailty in this context refers to the idea that
recipients at each center would share the same risk specific to the center they were
transplanted at (“shared frailty”), and is distinct from the traditional clinical usage of the term
frailty. One advantage of the shared frailty framework is that it allows for the use of all
follow-up time, whereas other models that limit follow-up time (e.g. 1-year mortality or
graft loss) cannot.23
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We adjusted this shared frailty model for the following patient-level characteristics: donor
and recipient age, recipient gender, recipient blood type, recipient race (white, black, or
other), years on dialysis, cause of end-stage renal disease (glomerular vs. non-glomerular),
panel reactive antibody (PRA), history of prior transplant, and DSA strength (positive
Luminex crossmatch, positive flow crossmatch, or positive cytotoxic crossmatch). To
determine whether there were center-level factors that were associated with mortality or
graft loss beyond patient-level factors, we also explored the following center-level
characteristics: percentage of ILDKT recipients with a positive cytotoxic crossmatch, total
ILDKT volume, total living donor kidney transplant (LDKT) volume, percentage of total
LDKT recipients with a history of prior transplant, percentage of total LDKT recipients that
were transplanted pre-emptively, percentage of ILDKT recipients who were African-
American, and percentage of total LDKT recipients with a PRA = 80. In this framework, we
were able to distinguish the impact of DSA strength (i.e. at the patient-level) and how
frequently centers perform ILDKT across stronger DSA (i.e. at the center-level). In selecting
our final model, we removed non-significant center-level characteristics for model
parsimony, which helps improve model interpretability and stability at the expense of model
precision, although this is minimized by removing only non-significant variables.

Using the final shared frailty model, we used the variance of the random effects (i.e. the
variability between different center’s underlying hazard of death or graft failure) to calculate
two measures of center-level variation in mortality and graft loss. First, we calculated the
variance partition coefficient, which describes the percentage of variation in outcome that is
due to center-level differences. This is obtained by taking the variance of the random effects
(Q), and solving for Q/(Q + 2).23 Second, we calculated the median hazard ratio (MHR), a
quantitative measure of the magnitude of center-level differences. For gamma-distributed
frailties, the MHR is calculated as the upper quantile of an F(VQ =2, vQ~2) distribution.24 The
MHR can be interpreted as the median increase in the hazard of the outcome (mortality or
graft loss) that would arise if a patient moved from a lower risk center to a higher risk center.
We then estimated the hazard ratio associated with each center after adjusting for recipient
characteristics by taking each center’s frailty, and generated a 95% confidence interval of
this estimate by bootstrapping with replacement for 1000 replications, selecting the 2.5t
percentile and 97.5t percentile ordered estimate as the lower and upper bounds of the 95%
confidence interval, respectively.

Statistical analysis

There were no missing demographic data for any patient- or center-level variable used in our
models. Based on each center’s underlying center-specific hazard of mortality or graft loss,
we divided centers into two groups: higher-performing (center-specific frailty < 1.0) and
lower-performing centers (center-specific frailty > 1.0). We compared baseline
characteristics between higher-performing and lower-performing centers using the chi-
squared test for categorical variables, student’s t-test for normally distributed continuous
variables, and the Kruskal-Wallis test for non-normally distributed continuous variables.
Confidence intervals are reported as per the method of Louis and Zeger.25 All analyses were
performed using Stata 15.0/IC for Windows (College Station, Texas).
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Sensitivity analysis

RESULTS

To understand whether our results were driven by transplants performed early in our study
period, when clinical experience with ILDKT was still developing and Luminex testing was
not routinely reported, we performed a sensitivity analysis restricting our study population to
ILDKT recipients from 2009-2016. Results of this were consistent with our main analysis.

Study Population

Mortality

We identified 1,358 recipients from 25 centers who were followed for a median of 9.0 years.
To better understand between-center differences in recipient characteristics, we compared
829 recipients at 10 centers with worse unadjusted post-ILDKT outcomes than average to
529 recipients at 15 centers with better unadjusted post-ILDKT outcomes than average
(Table 1). Compared to recipients at centers with worse unadjusted post-ILDKT outcomes
than average, recipients at centers with better unadjusted post-ILDKT outcomes than
average were less likely to be African-American (14.2% vs. 19.3%, p<0.001) and spent less
time on dialysis (1.1 years vs. 1.8 years, p<0.001). However, recipients at centers with better
unadjusted post-ILDKT outcomes than average were more likely to have had a prior
transplant (59.9% vs. 53.1%, p=0.01), more likely to have DSA that reached only a positive
Luminex crossmatch strength (40.8% vs. 13.5%, p<0.001), and more likely to have received
induction (91.9% vs. 81.9%, p<0.001). Recipients at centers with better unadjusted post-
ILDKT outcomes than average were of a similar age (45.5 years vs. 45.1 years, p=0.6), had
donors of a similar age (41.4 years vs. 40.3 years, p=0.09), were equally likely to be female
(56.3% vs. 56.5%, p=0.9), and had a similar PRA (57% vs. 66%, p=0.2) compared to
recipients at centers with worse unadjusted post-ILDKT outcomes than average.

Compared to centers with worse unadjusted post-ILDKT outcomes than average, centers
with better unadjusted post-ILDKT outcomes than average had similar median annual
ILDKT (2 vs. 3, p=0.3) and LDKT volumes (39 vs. 43, p=0.8), and transplanted a similar
percentage of pre-emptive LDKT recipients (31% vs. 30.5%, p=0.9), ILDKT recipients with
a positive cytotoxic crossmatch (17.9% vs. 24.7%, p=0.7), LDKT recipients with a prior
transplant (13% vs. 13.5%, p=1.0), LDKT recipients with a PRA = 80% (8% vs. 7%, p=0.9),
and African-American ILDKT recipients (15% vs. 17%, p=0.9).

After adjusting for recipient characteristics, 6 centers (24%) had significantly lower
mortality than average, whereas 1 center (4%) had significantly higher mortality than
average (Figure 1). However, we did not identify any center-level characteristics that were
associated with higher mortality (Table 2). Post-transplant mortality was not associated with
the following center-level characteristics: ILDKT volume (adjusted hazard ratio [aHR]:
0.981.011 g4, p=0.7), LDKT volume (aHR:  g91.001 o1, p=0.9), or transplanting a higher
proportion of highly sensitized (aHR: g.961.001 g4, p=0.9), prior transplant (aHR:
0.950.991 4, p=0.8), pre-emptive (aHR: 9 g71.001 g3, p=0.9), minority (aHR: g 991.001 o1,
p=0.9), or positive cytotoxic crossmatch (aHR: g g91.455 33, p=0.1) recipients.

Transplantation. Author manuscript; available in PMC 2021 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jackson et al.

Graft loss

Page 7

After adjusting for patient-level characteristics, only 4.7% of the variation in post-ILDKT
mortality was explained by center-level differences (p=0.001). This translated to a median
hazard ratio (MHR) for the overall effect of the center on post-ILDKT mortality of 1.36. In
other words, otherwise similar candidates across different centers have a 1.36-fold median
difference in mortality. The magnitude of this effect was much less than the effect of having
a flow cytometric positive crossmatch (aHR: 1 261.80, 56 VS. @ Luminex positive crossmatch)
on post-ILDKT mortality.

After adjusting for recipient characteristics, 5 centers (20%) had significantly lower graft
loss than average, whereas 2 centers (8%) had significantly higher graft loss than average
(Figure 2). Four of the six centers with significantly lower mortality than average also had
significantly lower graft loss than average. The one center with significantly higher mortality
than average also had significantly higher graft loss than average. However, we did not
identify any center-level characteristics that were associated with increased graft loss (Table
3).

Post-transplant graft loss was not associated with the following center-level characteristics:
ILDKT volume (aHR: g 9g1.031 g5, p=0.3), LDKT volume (aHR: g 991.001 g1, p=0.3), or
transplanting a higher proportion of highly sensitized (aHR: ¢.950.991 o3, p=0.6), prior
transplant (aHR: .gg1.001 g5, p=0.9), pre-emptive (aHR: g 9g1.011 g3, p=0.6), minority (aHR:
0.991.001 g1, p=0.9), or positive cytotoxic crossmatch (aHR: g gg1.301 97, p=0.2) recipients.

After adjusting for recipient characteristics, only 4.4% of the variation in post-ILDKT graft
loss was explained by center-level differences (p<0.001). This translated to a MHR for the
overall effect of the center on post-ILDKT graft loss of 1.34. In other words, otherwise
similar candidates across different centers have a 1.34-fold median difference in graft loss.
The magnitude of this effect was less than the effect of having a flow cytometric positive
crossmatch (aHR: 1 ggl.411 g4 Vs. a Luminex positive crossmatch) on post-ILDKT graft loss.

DISCUSSION

In this multi-center, observational cohort study of 1,358 ILDKT recipients from 25 centers,
we have shown that <5% of the variation in post-ILDKT outcomes can be attributed to the
center-specific factors. The majority of centers (76%) had outcomes that were
indistinguishable from average, and the magnitude of between-center differences was only
1.36 for mortality and 1.34 for graft loss. For perspective, the median center-level effect was
lower than the effect of having a flow cytometric positive crossmatch for mortality (1.80-
fold increased mortality risk vs. Luminex positive crossmatch) and graft loss (1.41-fold
increased risk of graft loss vs. Luminex positive crossmatch). Although there was some
center-level variation in post-ILDKT outcomes, the vast majority of between-center
differences in post-ILDKT mortality and graft loss can be attributed to differences in
recipient composition, rather than between-center differences in performance.

Many aspects of transplantation have been shown to be influenced by center-specific factors,
such as the development of delayed graft function, choice of induction therapy, and even
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post-transplant mortality and graft loss.26-2° Given the challenges of desensitization and
post-transplant management of DSA and antibody-mediated rejection, one might also expect
to see relatively high center-level variation in post-ILDKT outcomes.>30:31 However, our
results suggest that the center has a relatively small impact, and that patient-level factors
largely drive post-ILDKT outcomes, and we did not find any evidence of a center-volume
effect. Our results are consistent with a number of studies showing that transplant recipients
can have substantially different risks of mortality, graft loss, and antibody-mediated
rejection, depending on the strength of their DSA, and serve as an important perspective that
the impact of DSA strength (>5-fold) alone far outweighed that of center-level differences
(1.36-fold for mortality, 1.34-fold for graft loss).18-21 Our results also extend prior single-
center reports on post-ILDKT outcomes by using a 25-center cohort and analytic framework
that accounts for between-center differences in recipient composition that make it
impossible to compare single-center publications side-by-side. In light of our findings, it
might be that the vast majority of between-center differences in reported post-ILDKT
survival are driven by differences in recipient composition (i.e. patient-level factors) rather
than between-center differences in performance (i.e. center-level factors).

The major strength of this study is the use of a large, multi-center cohort of ILDKT
recipients, augmented by linkage to SRTR for accurate outcome ascertainment, to study
center-level variation in post-ILDKT outcomes, which would not otherwise be possible.
However, our study has several limitations worth considering. First, we use a cohort of 25
centers who decided to participate in a multi-center study of ILDKT, and as such our results
may not generalize to centers outside this study (or we might have missed some centers); for
example, it is possible that centers who felt their post-ILDKT outcomes were excellent were
more likely to participate than those who did not. Nevertheless, the 25 centers in our study
represent a diverse group of centers, with a broad range of hospital size, ILDKT volume, and
LDKT volume, and so are likely to be representative of other transplant centers performing
ILDKT. Second, we do not have comprehensive data about desensitization protocols, flow
cytometry interpretation, DSA monitoring, biopsy strategies (e.g. protocol biopsies), or
center practices in treatment of identified antibody-mediated rejection in this study.
Certainly, these vary across centers, and might affect post-ILDKT outcomes. However, our
analytic design allows us to contextualize the effect of these protocols. Even if these
accounted for a// between-center variation in outcomes, they would still only be responsible
for at most 4.7% (mortality) or 4.4% (graft loss) of the total variation in post-ILDKT
outcomes. In other words, despite all of these between-center factors that might impact
outcomes, 295% of differences in ILDKT outcomes are attributable to patient-level factors.
Additionally, it is possible that there are between-center differences in recipient
characteristics that are unaccounted for in the OPTN data. However, the effect of this would
be to further lower the amount of variation attributable to between-center differences (since
more variation is now being attributed to between-recipient differences), which only
underscores the extent to which patient-level factors drive post-ILDKT outcomes.

In conclusion, we have shown that most of the variation in post-ILDKT outcomes can be
attributed to patient-level characteristics, rather than center-level differences in performance.
Unlike many aspects of transplantation which have been shown to be influenced by center-
specific factors, there was very little center-level variation in post-ILDKT outcomes.
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Importantly, we found no center volume effect. Our findings support the continued practice
of ILDKT across these diverse centers.
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Figure 1. Center-specific hazard ratiosfor post-1LDKT mortality, adjusting for patient-level
characteristics

Although most centers had a post-ILDKT mortality risk that was indistinguishable from
average, 6 (24%) centers had a significantly lower mortality risk than average, whereas 1
center (4%) had a significantly higher mortality risk than average, after adjusting for patient-
level factors.

¢ Center whose post-ILDKT mortality risk was significantly different than average
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Figure 2. Center-specific hazard ratios for post-ILDKT graft loss, adjusting for patient-level
characteristics

Although most centers had a post-ILDKT graft loss risk that was indistinguishable from
average, 5 (20%) centers had a significantly lower graft loss risk than average, whereas 2
centers (8%) had a significantly higher graft loss risk than average, after adjusting for
patient-level factors.

¢ Center whose post-ILDKT graft loss risk was significantly different than average
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Table 1.

Characteristics of participating transplant centers, stratified by unadjusted center-specific performance.

Centerswith worseoutcomes ~ Centerswith better outcomes  p-value

than average than average

Donor/Recipient characteristics N =829 N =529
Donor age, years + sd ™ 403+11.9 41.4+119 0.09
Donor gender, % female 56.5 56.3 0.9
Recipient age, years + sd 45.1+13.4 455+133 0.6
Recipient gender, % female 56.3 56.5 0.9
Recipient race, % AA™ 193 14.2 <0.001
Recipient blood type, %0 49.9 47.8 0.7
Time on dialysis, median years (IQR ) 18(03-45) 11(01-29 <0.001
Panel reactive antibody, median (IQR*) 66 (15-93) 57 (17 -89) 02
Cause of ESRD ", % due to diabetes 118 178 0.002
History of prior transplant, % 53.1 59.9 0.01
Strength of DSA™ % <0.001

Positive Luminex crossmatch 135 40.8

Positive Flow crossmatch 62.5 32.0

Positive Cytotoxic crossmatch 24.0 27.2
Induction type <0.001

None 18.1 8.1

Depleting 5.6 15.2

Non-depleting 76.3 76.7
Center characteristics N =10 N =15
Annual ILDKT *volume, median (IQR) 3(2-109) 2(1-65) 03
Annual LDKT “volume, median (IQR) 43(26-63) 39 (13-83) 08
Percentage of pre-emptive LDKT recipients, median (IQR) 30.5 (28 - 35) 31 (26 -39) 0.9
Proportion of ILDKT recipients with a positive Cytotoxic 24.7 (0-64.9) 17.9 (0-44.4) 0.7
crossmatch, median (IQR)
Proportion of LDKT recipients with a prior transplant, median 13.5 (12 -15) 13 (11 -20) 1.0
(IQR)
Proportion of LDKT recipients with a PRA *> 80%, median 7(7-9) 8(5-10) 0.9
(IQR)
Proportion of AA *ILDKT recipients, median (IQR) 17(3-33) 15(6-33) 0.9

Higher-performing centers were defined as those with a frailty < 1.0, as derived from the Cox model with shared frailty for mortality. Lower-

performing centers were those with a frailty > 1.0.

*
AA, African-American; ESRD, end-stage renal disease; ILDKT, incompatible living donor kidney transplantation; LDKT, living donor kidney
transplantation; PRA, panel reactive antibody; sd, standard deviation; IQR, inter-quartile range
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Table 2.

Predictors of mortality after ILDKT, stratified by patient-level or center-level characteristics

Hazard ratio p-value

Patient-level characteristics
Donor age 0.991.001 o1 0.9
Recipient age 1031.041 05 <0.001
Recipient female gender 0.720.901 13 0.4
Recipient race

White Ref

Black 0670.911 54 0.6

Other 0.460.650.94 0.02
Recipient blood type

o Ref

A 0.710-871.10 03

B 0.610-841.16 03

AB 0781.265 03 0.4
Time on dialysis, per year 1011.044 g5 0.001
Panel reactive antibody, per % increase 0.991.001 01 0.4
Cause of ESRD ™, diabetes 0.390-500 64 <0.001
History of prior transplant 0.881.121 43 0.3
Strength of DSA™

Positive Luminex crossmatch Ref

Positive Flow crossmatch 1261.80 56 0.001

Positive Cytotoxic crossmatch 1472.123 05 <0.001
Center-level characteristics
Median annual ILDKT *volume, per 1 transplant increase 0981.011.04 07
Median annual LDKT *volume, per 1 transplant increase 0991.001,01 0.9
Percentage of pre-emptive LDKT recipients, per 1 percent increase 0.971.001 o3 0.9
Percentage of ILDKT recipients with a positive Cytotoxic crossmatch, per 1 percent increase 0901455 33 0.1
Percentage of LDKT recipients with a prior transplant, per 1 percent increase 0.950.991 04 0.8
Percentage of LDKT recipients with a PRA *> 80%, per 1 percent increase 0961.001.04 09
Percentage of AA *ILDKT recipients, per 1 percent increase 0991.001.01 09

Although certain patient-level characteristics were associated with higher post-ILDKT mortality, no center-level characteristics were. After
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adjusting for patient-level characteristics, only 4.7% of the variation in post-ILDKT mortality was explained by differences between centers.

*
ESRD, end-stage renal disease; ILDKT, incompatible living donor kidney transplantation; LDKT, living donor kidney transplantation; PRA, panel

reactive antibody
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Table 3.

Predictors of graft loss after ILDKT, stratified by patient-level or center-level characteristics

Hazard ratio p-value

Patient-level characteristics
Donor age 0.991.011 o1 0.07
Recipient age 0.991.001 01 0.5
Recipient female gender 0.820.971 16 0.7
Recipient race

White Ref

Black 0.921.161 46 0.2

Other 0520.680.90 0.007
Recipient blood type

o Ref

A 0.680-810.97 0.02

B 0.750.961 23 0.7

AB 0761131 68 0.5
Time on dialysis, per year 1011.02; ¢4 0.005
Panel reactive antibody, per % increase 0.991.001 01 0.7
Cause of ESRD*, diabetes 0.520.650 81 <0.001
History of prior transplant 0.881.061 28 0.5
Strength of DSA*

Positive Luminex crossmatch Ref

Positive Flow crossmatch 1081411 g4 0.01

Positive Cytotoxic crossmatch 1411.855 44 <0.001
Center-level characteristics
Median annual ILDKT* volume, per 1 transplant increase 0.981.031 05 0.3
Median annual LDKT* volume, per 1 transplant increase 0.991.001 01 0.3
Percentage of pre-emptive LDKT recipients, per 1 percent increase 0.981.011 o3 0.6
Percentage of ILDKT recipients with a positive Cytotoxic crossmatch, per 1 percent increase 0.861.301 97 0.2
Percentage of LDKT recipients with a prior transplant, per 1 percent increase 0.961.001 o5 0.9
Percentage of LDKT recipients with a PRA* > 80%, per 1 percent increase 0.950.991 03 0.6
Percentage of AA* ILDKT recipients, per 1 percent increase 0.991.001 01 0.9

Although certain patient-level characteristics were associated with higher post-ILDKT graft loss, no center-level characteristics were. After
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adjusting for patient-level characteristics, only 4.4% of the variation in post-ILDKT graft loss was explained by differences between centers.
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