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Abstract

Objective—Providers recommend waiting to transplant patients with end-stage renal disease
(ESRD) secondary to lupus nephritis (LN), to allow for quiescence of systemic lupus
erythematosus (SLE)-related immune activity. However, these recommendations are not
standardized, and we sought to examine whether duration of time to transplant was associated with
risk of graft failure in U.S. LN-ESRD patients.

Methods—Using national ESRD surveillance data (United States Renal Data System), we
identified 4743 U.S. patients with LN-ESRD who received a first transplant on or after 1/1/00
(follow-up through 9/30/11). The association of wait time (time from ESRD start to transplant)
with graft failure was assessed with Cox proportional hazards models, with splines of the exposure
to allow for non-linearity of the association and with adjustment for potential confounding
demographic, clinical, and transplant factors.

Results—White LN-ESRD patients who were transplanted later (vs. <3 months on dialysis) were
at increased risk of graft failure [adjusted HR (95% confidence interval): 3-12 months, 1.23
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(0.93-1.63); 12—24 months, 1.37 (0.92-2.06); 24-36 months, 1.34 (0.92-1.97); and >36 months,
1.98 (1.31-2.99)]. However, no such association was seen among black recipients [3-12 months,
1.07 (0.79-1.45); 12-24 months, 1.01 (0.64-1.60); 24-36 months, 0.78 (0.51-1.18); and >36
months, 0.74 (0.48-1.13)].

Conclusion—While future studies are needed to examine the potential confounding effect of
clinically recognized SLE activity on the observed associations, these results suggest that longer
wait times to transplant may be associated with equivalent or worse, not better, graft outcomes
among LN-ESRD patients.

Kidney transplantation has long been considered a viable option for most patients with end-
stage renal disease (ESRD) due to systemic lupus erythematosus (SLE) and associated lupus
nephritis (LN) (1). However, many U.S. providers suggest waiting to transplant patients
until SLE is quiescent, as indicated by clinical signs such as low steroid requirement and
normal complement levels, and rheumatologists and nephrologists often suggest waiting 3
months (2, 3) to 1 year (4, 5), respectively, after the start of ESRD, to allow for this
quiescence. These recommendations—which appear to be based upon weak and
contradictory evidence of patterns of immune activity in LN-ESRD patients (5)—are not
standard and conflict with evidence from the overall ESRD population, in whom longer
duration of ESRD prior to transplant is associated with worse transplantation outcomes (6).
If these recommendations to wait are not associated with improved graft outcomes,
transplantation in LN-ESRD patients may often be delayed unnecessarily, potentially
leading to fewer transplantations or worse outcomes. Further, such consequences may be
worse for certain subgroups, such as poor (7-9) and black (9) patients, who generally have
worse graft outcomes than their wealthier and white counterparts.

A recent single-center study of Taiwanese LN-ESRD patients challenges recommendations
for delaying transplantation, with findings suggesting that patients with longer dialysis time
prior to transplant had worse graft outcomes (10). To our knowledge, there is no similar
evidence addressing whether longer time to transplant is associated with worse kidney
transplant outcomes among U.S. LN-ESRD patients. Further, the degree to which these
associations may be modified by sociodemographic characteristics is not known. We
address these questions using national surveillance data on ESRD patients to estimate the
association of time from start of ESRD to kidney transplant with subsequent graft failure in
U.S. LN-ESRD patients and to examine whether sociodemographic factors modify these
associations.

Patients and Methods

Study Population and Data Sources

We examined U.S. patients with LN-ESRD who received a kidney transplant on or after
1/1/00 (follow-up through 9/30/11) using United States Renal Data System (USRDS) data
(11). Use of these data, which include administrative data supplied by the Centers for
Medicare & Medicaid Services (CMS) and the United Network for Organ Sharing (UNOS)
on all U.S. patients treated for ESRD, was approved by the Emory Institutional Review
Board. Follow-up in the USRDS is nearly complete due to universal coverage of ESRD-
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related services (11). We obtained primary attributed cause of ESRD, sociodemographics,
and clinical factors from the CMS Medical Evidence Form (CMS-2728), completed on all
incident ESRD patients. LN-ESRD was defined by a primary attributed cause of ESRD of
secondary glomerulonephritis due to SLE on the CMS-2728 (ICD-9 code = 710.0). We
obtained transplant and donor characteristics from UNOS. Census 2000 data on
characteristics of the residential neighborhood, as defined by patient 5-digit ZIP code
tabulation area (ZCTA), were obtained from the Minnesota Population Center (12) and
linked by patient ZIP code to the USRDS data. Of the 4786 U.S. LN-ESRD patients
receiving a first transplant on or after 1/1/00, 43 were excluded due to missing race/
ethnicity, leaving 4743 for descriptive analyses (99.1% of available cases), and an additional
463 were excluded from models due to missing covariates of interest, leaving 4280 (89.4%
of available cases) in the final models.

Study Variables

Wait time to transplant—Our exposure was the wait time to transplant, defined as time
on dialysis prior to receiving a first transplant (date of first kidney transplant — date of first
ESRD service). Because of a priori assumptions about the non-linearity of the association of
the exposure with graft failure (2-5), wait time to transplant was examined based on
categories by proposed rheumatology and nephrology cutoffs (<3, 3-12, 12-24, 24-36, and
>36 months) as well as by splines (see Statistical Analysis).

Time to graft failure—Our outcome was time from transplant to graft failure (return to
dialysis, receipt of a second kidney transplant, or death), defined as: (date of graft failure or
censoring) — (date of transplant). Patients who did not have a graft failure in the observed
study period were censored at the last date of follow-up (9/30/11).

Other variables—Sociodemographics of interest included age, sex, race/ethnicity, and
insurance prior to ESRD (from the CMS-2728). Due to the relative lack of information at
the individual level on socioeconomic status (SES) and the potential for neighborhood
effects independent of individual SES, we also examined the percentage of residents
reporting black race, the percentage of households living below 100% of the federal poverty
threshold, and the percentage of residents aged =25 without a high school degree or
equivalent in the patient’s residential ZCTA. Access to pre-ESRD care was determined by
whether patients saw a nephrologist prior to starting ESRD treatment, from the CMS-2728.
Smoking, BMI, comorbid conditions, and serum albumin and hemoglobin at the start of
ESRD were also obtained from the CMS-2728. Recipient blood group, recipient peak panel
reactive antibody (PRA) status, donor type (living vs. deceased), donor age, number of
human leukocyte antigen (HLA) mismatches between donor and recipient, graft cold
ischemia time, and occurrence of delayed graft function (defined as dialysis treatment in the
week following transplantation) were obtained from UNOS.

Statistical Analysis

Patient characteristics were summarized overall and by categories of time to transplant, and
Kaplan-Meier curves of time to graft failure by time to transplant were constructed. Scatter
plots of crude graft failure risk showed a potential non-linear association of time to
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transplant with graft failure, and statistically significant departures from linearity were seen
(P<0.001, P=0.32, and P=0.005 for overall, black, and white patients, respectively). Thus,
Cox proportional hazards models with time to transplant parameterized as a restricted cubic
spline with five knots placed at Harrell’s percentiles (13) were used to graph continuous,
potentially non-linear functions of hazard ratios (HRs) for graft failure, as well as estimate
HRs (14) at the medians of the intervals of interest (<3, 3-12, 12-24, 24-36, and =36
months). Those factors we found to be associated with both time to transplant and time to
graft failure and were not thought a priori to be mediators of the association (e.g., delayed
graft function) were considered potential confounders. Potential effect modification by
individual race and insurance and by neighborhood composition of race, poverty, and
education was tested using pairwise z tests of log(HR) values. Those variables without
significant missing data (e.g., peak PRA) and that resulted in a 210% change in the estimate
of the association of wait time to transplant with time to graft failure—after backward
elimination of all potential confounders that did not change the estimate by at least 10%
when removed—uwere included in the full model. Multilevel models with clustering at the
neighborhood level were not necessary because 93% of neighborhoods (ZCTAs) included in
this analysis had only one (77%) or two (16%) cases. Stata v. 13 (StataCorp, College
Station, TX) was used for all analyses.

We examined the robustness of our results in several sensitivity analyses. First, models
additionally adjusting for peak PRA and for pre-ESRD care (available 2005+ only)—as well
as albumin, additional transplant factors, and propensity for early transplantation—were
used to examine the effect of these potentially important confounders on our results.
Propensity for early kidney transplantation (within <3 months vs. =3 months) was calculated
from logistic models with adjustment for the same predictors used in the full Cox models.
Because graft failures within 30 days might represent technical failures of the transplant
surgery, analyses excluding these observations were performed. Analyses of graft failures
excluding death and of patient death were also performed for comparison. While not an a
priori effect modification of interest, we ran stratified models to examine whether the
observed effects differed by donor type. Because disease course, wait times, and outcomes
may differ for children vs. adults, we adjusted for pediatric status in addition to age. Finally,
results using simple categorization (without allowing for a non-linear, continuous
association) were estimated and compared to the main results.

Characteristics of the Study Population

There were 1239 graft failures among 4743 transplant recipients with LN-ESRD,
contributing a total of 21,507 person-years (median follow-up, 4 years). In general, the
percentage of recipients who experienced graft failure over study follow-up was higher
among those who waited longer periods on dialysis (25% for 3—-12 months and 27-30% for
>12 months) compared to those who were transplanted <3 months after start of dialysis
(16%; Table 1). The mean age of incident ESRD was 35 years; 81% were female, 41% were
black, and 25% had Medicaid (Table 1). Patients with longer wait times to transplant were
generally younger, more likely to be black, to have Medicaid coverage, and to live in areas
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with higher proportions black, poor, and uneducated residents. They were also less likely to
have pre-ESRD care and have a living donor; and had greater peak PRA, lower albumin and
hemoglobin levels, and greater numbers of HLA mismatches, relative to those who waited
shorter periods for their transplants (Table 1). Overall, nonparametric tests for trend across
categories gave similar P values to ANOVA and x2 tests (data not shown). Patients excluded
from the models below due to missing covariates were not different from the overall
population, including by race (38.0% vs. 40.9% black; P=0.13), except that those excluded
were more likely to experience graft failure (32.2% vs. 25.5%; P=0.002) and were less
likely to have a living donor (37.1% vs. 45.4%; P=0.001) or have hypertension (67.6% vs.
76.2%; P<0.001).

of Wait Time to Transplant with Graft Failure

Crude analyses—In Kaplan-Meier analyses by categorized time to transplant, LN-ESRD
patients whose wait time to transplant was <3 months had longer times to graft failure than
those whose wait times were >3 months (Figure 1A). Race-stratified analyses (Figure 1, B
and C) suggested that this overall pattern held among whites (Figure 1C) but not among
blacks (Figure 1B).

Effect modification—Interactions of wait time to transplant with black vs. white race in
full models were statistically significant in the 24- to 36-month and >36-month intervals of
wait time to transplant (P=0.029 and <0.001, respectively) but not in earlier intervals
(P=0.15 and 0.10 in 3-12 and 12-24 vs. <3 months). However, there were no statistically
significant interactions of wait time to transplant with Medicaid vs. private insurance or high
vs. low neighborhood SES indicators, with adjustment. Thus, further analyses were shown
overall and stratified by black vs. white race only.

Adjusted analyses—In the overall LN-ESRD population, wait times to transplant of 3—
12 months and >12 months were associated with about 1.5- and 2-fold increased risk of graft
failure, respectively, relative to <3 months of wait time, in crude analyses (Table 2). While
these associations were attenuated with adjustment, particularly for age and race, even with
full adjustment, wait times of 3-12 or 12-24 months were associated with 25% and 37%
increased risk of graft failure, respectively, relative to wait times of <3 months. Similar
associations and patterns were seen among whites, except that wait times >36 months were
associated with nearly 2-fold risk of graft failure with full adjustment (Table 2). Among
blacks, crude associations showed elevated risks that were not statistically significant among
those with longer time to transplant; with adjustment, longer wait time was not associated
with graft failure and even appeared (among those waiting >24 months) possibly protective
against graft failure, relative to wait times <3 months (Table 2). Plots indicate a fairly steep
increase in the adjusted HR of graft failure for wait time to transplant up to ~20 months in
the overall population, with a subsequent slight decline and a slight increase after ~40
months (Figure 2A). Among blacks, the HR is maximized at ~12 months, with wide
confidence intervals containing the null value at all time points (Figure 2B), whereas whites
show a steadily increasing pattern (Figure 2C). It is worth noting that, with adjustment for
age, insurance, hemoglobin, and donor type, blacks in this population remained at >40%
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greater risk of graft failure overall compared to whites (HR=1.41, 95% confidence interval,
1.21-1.63).

Sensitivity analyses—With additional adjustment for PRA, we found that longer wait
time to transplant was associated with higher risk of graft failure among whites but lower
risk among blacks, although these associations were not statistically significant for either
group, except for >36 vs. <3 months in whites (Table 3). Adjustment for albumin did not
change the results (data not shown). Adjustment for pre-ESRD care (among those incident
in 2005 or later) showed similar patterns of results to the primary analyses but with much
less precision due to the reduced sample size, particularly among the groups with longer
wait times. Adjustment for delayed graft function (a potential mediator), donor
characteristics (age and race), and HLA mismatches did not change results, nor did
adjustment for propensity to receive an early transplant (data not shown). Adjustment for
proxies of secular trends in treatment, transplant year and treatment with mycophenolate
mofetil (vs. azathioprine or other immunosuppressants), also did not change the results (data
not shown). Excluding graft failures within 30 days and excluding deaths with functioning
grafts from the graft failure definition (309/1239 graft failures) did not substantially change
the results (Table 3). Risk of mortality after transplant did not differ by wait time to
transplant, overall or stratified by race (data not shown). Analyses stratified by donor type
showed that the effects seen in the primary analyses were stronger among those with living
vs. deceased donors; additionally, the protective effects of longer wait time suggested
among blacks in the primary analyses were statistically significant among those with
deceased donors (Table 3). However, numbers of deceased donors in the referent groups
were small (n=21 and 68 for blacks and whites, respectively), and these patients were older
(48.6 and 50.4 years) and more likely to have private insurance (81.0% and 63.2%). Finally,
indicators for pediatric status did not substantially change overall results, and associations
from the primary analyses using restricted cubic splines of wait time to transplant were
similar to those seen in analyses with simple categorization of wait time (data not shown).

Discussion

In this national study of kidney transplant recipients with ESRD secondary to LN, we found
that longer wait times to transplant were not associated with lower risk of graft failure
among these patients, as might be expected from current clinical recommendations (2-5).
Rather, we found that longer time on dialysis was generally associated with increased risk of
graft failure among LN-ESRD patients, relative to those patients who were transplanted in
the first 3 months of ESRD treatment, although results were not always statistically
significant. Our effect estimates were similar to those seen in the overall ESRD population,
in whom wait times to transplantation of >6 months and >1 year, relative to 0-15 days, have
been shown to be associated with approximately 25% and 40% increased graft failure risk
(6). In our study, relative to waiting <3 months, waiting =3 years for kidney transplantation
was associated with a 2-fold risk of graft failure among white LN-ESRD patients, whereas
longer wait time was generally associated with similar risk of graft failure among black LN-
ESRD patients. Even in the fully adjusted models, where there was a non-statistically
significant suggestion of a protective effect among black LN-ESRD patients whose wait
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times were =2 years, we did not see increased risk of graft failure among those transplanted
early. While the confounding effect of SLE activity at the start of ESRD cannot be fully
accounted for with adjustment for markers such as albumin, hemoglobin, and peak PRA,
nevertheless these results provide, to our knowledge, a first examination of the association
between wait time to transplant and graft outcomes in a nationally representative population
of U.S. LN-ESRD patients that can be used to generate hypotheses and guide future study of
this issue.

Patients with LN-ESRD could, in many ways, be considered ideal kidney transplant
candidates, due to their relative youth (median age, 38) (11), lower likelihood of
malignancies or cardiovascular contraindications (15), close medical supervision and
potentially better pre-ESRD management by multiple providers (including rheumatologists
and nephrologists) (16), and demonstrated adherence to complex immunosuppression
regimens (15, 16). These patients may also be more likely to identify living donors; we
found that transplants from living donors were overrepresented in these recipients with LN-
ESRD (45%, compared to 33% of all U.S. transplant recipients in 2011) (11).

There are also unique barriers to transplant among LN-ESRD patients, such as the potential
for post-transplant recurrence of LN and subsequent development of glomerulonephritis in
the graft, making SLE a potential contraindication to transplantation (17). However, in a
recent national study of transplant recipients with SLE (n=6850) (18), only 2% were
reported to have recurrent LN, and only 7% of all graft failures in this population were
attributed to recurrent LN (18). Further, graft and patient survival are comparable among
U.S. patients with ESRD due to LN vs. other causes (19, 20).

Despite the increasing evidence of likely equivalent transplant outcomes among LN-ESRD
patients (18-20), the incidence of kidney transplantation is not increasing among LN-ESRD
patients (21). Greater demand on the organ supply from the growing overall ESRD
population as well as CMS policies that currently limit medication coverage among younger
patients who qualify for Medicare based solely on ESRD status (22) may contribute to this
observed discrepancy. However, lingering provider beliefs about the necessity of waiting
periods to establish relative quiescence of SLE in the setting of ESRD prior to kidney
transplantation (3, 5) may also play a role.

Our results suggest U.S. recommendations for transplantation in LN-ESRD (2-5) may not
align with evidence from the target population. To our knowledge, no studies have reported
the association of graft failure with duration of wait time to transplant in LN-ESRD patients
in the United States, or in Canada or Europe, where renal transplantation guidelines
similarly recommend waiting periods prior to transplantation for LN-ESRD patients (23,
24). Chung et al. (10) recently examined this issue in a single-center study (n=31) in Taiwan
and found a slightly increased risk for graft dysfunction and equivalent risk for graft failure
with longer wait times, although their results were not statistically significant.

Importantly for the U.S. population, we found a potential effect modification by race, in that
longer wait times were associated with greater risk of graft failure among white but not
black kidney transplant recipients with LN-ESRD and that there was a possible protective
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effect of wait times of =2 years among blacks. This observation could be due to unexplained
differences in disease pathology and course between white and black LN-ESRD patients.
We found that early transplant, possibly indicating SLE quiescence prior to the need for
renal replacement therapy, was more common among whites than blacks.

Black ESRD patients treated with dialysis have long been known to have a survival
advantage over their white counterparts (25, 26), although this pattern may be reversed in
younger ESRD patients (27). Social differences associated with race that affect access to
care could also play a role, although our failure to find evidence of effect modification by
insurance status, poverty, or education does not support this explanation. Unavoidable bias
inherent in the study design, namely index event bias—which occurs when examined risk
factors (here, longer wait time to transplant) are not seen in the unselected (hon-
transplanted) population (28)—may also explain the results. It is also possible that the
overwhelming effect of race on graft failure in the LN-ESRD population masks any effect of
prolonged wait time in this subpopulation, although our estimates and estimates in another
national U.S. study suggested only a 1.4-fold increased risk of graft failure for blacks vs.
whites (9).

Confounding due to differences in unmeasured SLE activity (confounding by indication)
may be the most serious threat to the internal validity of our findings. Although we tried to
control for potential proxies (hemoglobin, aloumin, and peak PRA) and for the propensity to
be transplanted early, the USRDS does not have information on SLE-specific disease
activity prior to transplantation and during the first year of dialysis, which could have been
associated with decisions to delay transplantation for some patients and may have also
influenced graft outcomes. However, in their Taiwanese population, Chung et al. (10) found
that pre-transplant SLE activity was not associated with graft dysfunction or failure. Future
studies in U.S. SLE cohorts or registries that collect information on SLE activity could
potentially examine whether a similar lack of effect of SLE activity exists in the U.S. kidney
transplant recipients with SLE.

Other residual confounders may have influenced our results. Receipt of a kidney graft has
long been known to be differential by race in the overall ESRD population (29, 30). This
could lead to important, unobserved differences in the white and black LN-ESRD kidney
transplant recipient populations. However, we found that 41% of transplant recipients with
LN-ESRD were black, compared to 45% of all LN-ESRD patients (11), suggesting receipt,
if not timing, of transplant may not be differential by race among U.S. LN-ESRD patients.
Unmeasured provider characteristics that are associated with wait times could also be
associated with graft outcomes.

In addition to the limitations noted above, the potentially low sensitivity of attributed ESRD
cause (31) could bias our results. Additionally, our individual socioeconomic status data
were limited and some misclassification due to assigning neighborhood-level characteristics
to individuals, particularly using ZCTAs rather than census tract or blocks (32), is likely.
However, our study also has several strengths, including the capture of all U.S. patients who
receive kidney transplants, limited loss to follow-up with no competing risks, and limited
potential for selection bias due to excluded data.
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In summary, we found that, among U.S. LN-ESRD patients receiving a kidney transplant,
waiting 3 or 12 months on dialysis treatment was generally associated with equal or even
greater risk of graft failure compared to being transplanted within 3 months, which is not
expected given current clinical recommendations. As in the general ESRD population,
waiting to transplant may not advantage LN-ESRD kidney transplant recipients in terms of
graft outcomes. Even in the case of apparently equivalent graft outcomes among black LN-
ESRD transplant recipients, regardless of waiting time, delays in transplantation may be not
only unnecessary but also detrimental to other outcomes important to this young population,
particularly quality of life, perceived health status, and employment (33). While these results
should be considered hypothesis-generating due to the limitations of the data, future studies
with SLE cohorts could determine whether longer wait times are associated with increased
risk of graft failure, independent of SLE activity, strengthening the evidence for
standardizing recommendations. Further, compared to the general ESRD population, LN-
ESRD patients receive medical care by multiple providers, resulting in greater opportunities
to intervene early to decrease wait time to transplant and, potentially, to improve transplant
outcomes.
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Figure 1.

Kaplan-Meier curves for time to graft failure among all (A), black (B), and white (C) U.S.
patients with end-stage renal disease attributed to lupus nephritis, who received a transplant

(1/1/00-9/30/11), by categories of time to transplant.
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Figure 2.

Hazard ratios by restricted cubic splines among all (A), black (B), and white (C) U.S.
patients with end-stage renal disease attributed to lupus nephritis, who received a transplant
(1/1/00-9/30/11). Adjusted for age, race (A only), insurance at start of ESRD, hemoglobin at
start of ESRD, and donor type. Knots were placed at Harrell’s percentiles (corresponding to
values of 0, 13.1, 30.6, 52.2, and 103.4 months).
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