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IMPORTANCE Kidney transplant (KT) is the optimal treatment for end-stage kidney disease
(ESKD). The evaluation process for KT is lengthy, time-consuming, and burdensome,
and racial and ethnic disparities persist.

OBJECTIVE To investigate the potential association of the Kidney Transplant Fast Track
(KTFT) evaluation approach with the likelihood of waitlisting, KT, and associated disparities
compared with standard care.

DESIGN, SETTING, AND PARTICIPANTS This nonrandomized clinical trial was a prospective
comparative cohort trial with a historical control (HC) comparison and equal follow-up
duration at a single urban transplant center. Study duration was 2015 to 2018 for KTFT,
with follow-up through 2022, and 2010 to 2014 for HC, with follow-up through 2018.
Adult, English-speaking patients with ESKD, no history of KT, and a scheduled KT evaluation
appointment were included. Among 1472 eligible patients for the KTFT group, 1288
consented and completed the baseline interview and 170 were excluded for not attending
an evaluation appointment; among 1337 patients eligible for the HC group, 1152 consented
and completed the baseline interview and none were excluded. Data were analyzed from
August 2023 through December 2024.

EXPOSURE Streamlined, patient-centered, coordinated-care KT evaluation process.

MAIN OUTCOMES AND MEASURES Time to waitlisting for KT and receipt of KT.

RESULTS The study included 1118 participants receiving KTFT (416 female [37.2%]; mean [SD]
age, 57.2 [13.2] years; 245 non-Hispanic Black [21.9%], 790 non-Hispanic White [70.7%], and
83 other race or ethnicity [7.4%]) and 1152 participants in the HC group (447 female [38.8%];
mean [SD] age, 55.5 [13.2] years; 267 non-Hispanic Black [23.2%], 789 non-Hispanic White
[68.5%], and 96 other race or ethnicity [8.3%]). After adjusting for demographic and clinical
factors, the KTFT compared with the HC group had a higher likelihood of being placed on the
active waitlist for KT (subdistribution hazard ratio [SHR], 1.40; 95% CI, 1.24-1.59). Among
individuals who were waitlisted, patients in the KTFT vs HC group had a higher likelihood of
receiving a KT (SHR, 1.21; 95% CI, 1.04-1.41). Black patients (SHR, 1.54; 95% CI, 1.11-2.14) and
White patients (SHR, 1.38; 95% CI, 1.16-1.65) receiving KTFT were more likely to be waitlisted
for KT than those in the HC group, but no such difference was found for patients with other
race or ethnicity. Among Black patients, those with KTFT were more likely than those in the
HC group to undergo KT (SHR, 1.52; 95% CI, 1.06-2.16), but no significant differences were
found for White patients or those with other race or ethnicity.

CONCLUSIONS AND RELEVANCE This study found that KTFT was associated with a higher
likelihood of waitlisting and KT than standard care. Findings suggest that KTFT may be
associated with reduced disparities in KT by race and ethnicity.
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I t is well established that kidney transplant (KT) is the
optimal treatment for end-stage kidney disease (ESKD).
It reduces mortality, improves quality of life, and is less

costly than dialysis.1-5 Despite these advantages, there are
well-documented barriers that prevent otherwise-eligible
patients from obtaining KT.6,7 Numerous studies have
demonstrated significant disparities in ESKD and its treat-
ment for members of at-risk groups (eg, racial and ethnic
minority and low-income groups), particularly Black
patients.8 ESKD incidence in Black patients is 4 times greater
than that in White patients, but Black patients are less than
half as likely to undergo KT.9 Among patients referred for
transplant, Black race is associated with a longer evaluation
completion time,10 lower likelihood of KT,11,12 lower rates of
preemptive listing for KT,13-17 and lower rates of living-donor
KT.18,19

Most efforts to reduce disparities in KT emphasize edu-
cating patients who are receiving dialysis who have not been
referred for KT.20-33 Although modestly successful,21,23,26,34 pa-
tient education does not reduce patient burden, nor does it
eliminate external barriers to completing the evaluation pro-
cess. Similarly, our own and others’ data show that changes
to the national Kidney Allocation System were not associated
with increases in KT for those who were not waitlisted35,36 or
listed inactive.37 We believe an organizational approach that
changes how care is delivered and reduces the burden of care
coordination may be an important alternative.

Most patients referred for KT do not get a KT, in part be-
cause of the significant patient burden in navigating the KT
evaluation process after a referral.38-42 KT evaluation tradi-
tionally requires an initial visit with the transplant team, a bat-
tery of tests conducted by multiple specialists, and several fol-
low-up visits before a patient case is presented to the transplant
team for a decision about waitlisting the patient for KT.43 The
process is lengthy, time-consuming, and burdensome to the
patient.44 Typically, patients must complete testing on their
own and ensure that results are forwarded to the transplant
team. This process requires significant effort by patients who
may be feeling unwell and can be daunting, especially for those
with low health literacy45 or who experience barriers within
the health care system. This exacerbates long-standing racial
and ethnic and socioeconomic disparities in KT waitlisting and
receipt on a national level.36-38,46,47

Thus, we hypothesized that by using the same urgent, health
care system–facilitated approach to KT that exists for other end-
organ transplant9,48 and removing the complex coordination of
care that patients must complete on their own for KT evalua-
tion, the time to complete evaluation may be reduced. This
would be associated with a higher number of patients wait-
listed and receiving KT more quickly owing to less time for physi-
cal decline as they await testing appointments and delivery of
results to the transplant team. Eliminating patient burden in
managing the demands of the KT evaluation process may be as-
sociated with reduced racial and ethnic disparities in KT wait-
listing and subsequently improved KT rates among racial and
ethnic minority groups. Support for this approach comes from
a retrospective analysis of recipients of KT.49 However, this work
did not examine outcomes associated with the intervention pro-

spectively, and there was no comparison group of patients who
did not undergo the intervention.

After extensive discussion and review with hospital
leadership and clinical and administrative staff, the KT pro-
gram at the University of Pittsburgh Medical Center Starzl
Transplantation Institute (UPMC STI) implemented a
streamlined evaluation approach for all patients undergoing
KT, dubbed Kidney Transplant Fast Track (KTFT). Ramp up
for KTFT started in early 2012 and commenced by December
2012.50 KTFT has not been systematically compared with
previous standard care procedures that existed at UPMC
until then. Thus, it presented a unique opportunity to pro-
spectively examine and evaluate the association of a system-
atic surgical clinic change with patient outcomes. We lever-
aged participant data from our previous study36,47 and used
those patients as a historical comparison group.50 Our objec-
tive was to investigate whether, compared with standard
care, the KTFT streamlined approach was associated with a
higher likelihood of KT waitlisting and KT and decreased
disparities in time to waitlisting and KT for Black patients
and members of other racial and ethnic minority groups
compared with White patients.

Methods
Study Design
This study was a nonrandomized clinical trial (ClinicalTrials.gov
identifier: NCT02342119) of patients who were scheduled for
transplant evaluation at the UPMC STI between May 2015 and
June 2018 and followed up via electronic health record (EHR)
through August 2022 (see Figure 1 for a description of patient
flow through the study). See Supplement 1 for the trial protocol.
The historical control (HC) sample came from a patient cohort
scheduled for transplant evaluation at the UPMC STI between
March 2010 and October 2012 and followed up via EHR through
August 2018 (see Ng et al36 and Wesselman et al47 for the study
protocol and patient flow). A total of 2473 evaluations were
performed during KTFT, which was comparable to the 2126
evaluations in the HC period.

Key Points
Question Is the Kidney Transplant Fast Track (KTFT) evaluation
approach associated with a higher likelihood of waitlisting and
kidney transplant?

Findings In this nonrandomized clinical trial of 1118 patients with
end-stage kidney disease (ESKD) who underwent KTFT and a
historical control group of 1152 patients with ESKD undergoing
evaluation for kidney transplant, the KTFT group had a higher
likelihood of waitlisting and transplant than the historical control
group. Unlike the historical control group, the KTFT group had no
significant differences in kidney transplant by race or ethnicity.

Meaning This study found that KTFT was associated with a higher
likelihood of waitlisting and kidney transplant. Findings suggest
that KTFT may be associated with reduced disparities by race
and ethnicity.
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To obtain demographic and clinical information, partici-
pants who underwent KTFT completed structured baseline in-
terviews prior to their first KT evaluation clinic appointment.
Patients in the HC group completed their baseline interview
after attending their initial KT evaluation appointment. For
both cohorts, we followed patient progress through trans-
plant evaluation, waitlisting, and time to transplant via EHR
review to obtain outcome measures. Per UPMC Institutional
Review Board (IRB) requirements, we obtained verbal con-
sent for the interview and written consent for EHR review.

This study was approved by the University of Pittsburgh
and University of New Mexico IRBs, and a data use agree-
ment was signed between the 2 institutions. The study was
conducted in accordance with the Declaration of Helsinki and
is consistent with the Principles of the Declaration of Istanbul.

KTFT Intervention: Brief Overview
For all patients seeking transplant (regardless of donor type),
the KTFT intervention involves completing most or all test-
ing on the day of patients’ first pretransplant clinic appoint-
ment rather than being provided with a list of tests to
complete on their own with their referring clinician. The in-
tervention consisted of 4 phases: (1) actions before the evalu-
ation clinic appointment (eg, clinic staff member schedules
necessary testing the same day as the evaluation); (2) actions
during the evaluation clinic appointment (eg, clinic staff es-
cort patients to testing locations); (3) actions during evalua-
tion clinic discharge (eg, nurse coordinator reminds patients
that all testing must be completed before listing can occur);
and (4) actions after the evaluation clinic appointment (eg, if
patients cannot complete all testing the same day as their
evaluation, the nurse coordinator arranges all remaining tests
to be completed as soon as possible). See eTable 1 in
Supplement 2 and Bornemann et al50 for the study protocol.
Personnel effort was increased (ie, for the scheduler and nurse)
to implement the new workflow and related tasks. The origi-
nal protocol included an education intervention, but this
was not discussed because we found no association with
outcomes for the intervention.51

Study Cohort
For both study samples, patient inclusion criteria were that
they were scheduled for a KT appointment, English speak-
ing, aged 18 years or older, without a prior KT, and not wait-
listed for KT. During KTFT, 1472 people were eligible and
1288 consented and completed the baseline interview, but
170 patients were excluded for not attending their evaluation
appointment. During HC, 1337 people were eligible for the study
and 1152 attended their evaluation, consented to participate,
and completed the baseline interview (due to a difference
in baseline interview timing).

Measures
Outcome Variables
Our main outcome variables were time to transplant waitlist-
ing and, among waitlisted patients, time to KT. Other out-
come variables (eg, quality of life and booklet helpfulness)
were collected during the study but are beyond the scope
of this report.

Demographic, Clinical, and Intervention-Related Characteristics
Our previous work showed that demographic characteristics
and clinical factors were associated with the rate of KT evalu-
ation completion.36,47,52 Thus, we assessed demographics (eg,
race and ethnicity, age, income, and education), clinical fac-
tors (eg, dialysis, comorbidities, and number of potential liv-
ing donors), and intervention completion via baseline inter-
views and EHR review. Race and ethnicity, age, income, and
education were all obtained from patient self-report; clinical
factors were obtained from EHR data. For race and ethnicity,
patients were first asked if they were Hispanic or Latino, and
responded yes or no. Then, patients were asked their race, with
the following options: American Indian or Alaskan Native;
Asian (Chinese, Japanese, Korean, or other), Black or African

Figure 1. Study Flowchart

2252 Patients scheduled appointments 
for KT evaluation in clinic

1472 Eligible for recruitment

1315 Consented to baseline interview

1288 Completed baseline interview

1108 Included in medical 
record abstraction

780 Excluded
282 Previous transplant

66 Participants in HC

228 Evaluated elsewhere 
(already waitlisted)

150 Clinic or patient cancellation or 
patient did not attend evaluation

17 Other reasons

21 Physical or sensory impairment
16 Language barrier

157 Excluded
143 Refused
14 Unreachable

27 Excluded
24 Declined baseline interview
2 Died before baseline interview
1 Excluded due to impairments and 

contact issues

1118 Attended clinic, received KTFT, 
and signed consent for medical 
record review

170 Administratively withdrawn after 
baseline interview
166 Never attended clinic appointment

4 Found to be ineligible after 
completing baseline interview

10 Excluded because written consent for 
medical record review could not 
be obtained 

Other reasons for exclusion included patient death, pursuit of nonkidney
transplant (eg, pancreas), evaluation appointment not completed yet, too well,
too ill, missed recruitment, or incarceration. HC indicates historical control;
KT, kidney transplant; KTFT, Kidney Transplant Fast Track.
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American, Native Hawaiian or Other Pacific Islander (Indone-
sian or other), White, and other race or ethnicity (please
specify). In this study, American Indian or Alaskan Native,
Asian, Hispanic or Latino, Native Hawaiian or Other Pacific
Islander, multiracial or multiethnic (ie, multiple options
chosen), and other race or ethnicity not specified were com-
bined owing to small sample size. We calculated the Charlson
Comorbidity Index score from EHR information.53-55

Statistical Analysis
We examined descriptive data across KTFT and HC cohorts
using standard tests for continuous and categorical variables.
To visualize the probability of events, we calculated and plot-
ted adjusted cumulative incidence functions for time from
evaluation inception to waitlisting and, among patients
waitlisted, time from waitlisting to KT.

Study Cohort Multivariable Analyses
We used Fine-Gray competing risk models with death as a com-
peting event56-58 to examine the cumulative incidence of each
study outcome within KTFT and HC groups. Censored events
included not waitlisted, case closed due to incomplete evalu-
ation, KT team declined patient for waitlisting, and patient
chose to withdraw from evaluation (eTable 2 in Supple-
ment 2). Our analyses controlled for demographic, clinical, or
intervention covariates that showed associations with 1 or more
study outcomes (ie, P < .10, subdistribution hazard ratio
[SHR] > 2, or SHR < 0.5). We assessed proportionality of the
hazards assumption for all models. Given our study design, a
multivariable model approach was optimal to matched groups
and avoided introducing unnecessary bias.59-62

We adopted the Fine-Gray approach for our key out-
comes because alternative approaches63,64 are not optimal: the
competing risk of death is not random and cannot be ig-
nored. The Cox approach would combine deaths with cen-
sored patients who were still undergoing evaluation, who had
opted out of undergoing evaluation, or whose cases were closed
by the transplant team, resulting in bias due to ignoring infor-
mative censoring. Additionally, because our study was not a
randomized clinical trial, we sought to identify predictors of
outcomes and could not investigate causal relationships. Fine-
Gray models are superior to other approaches when predic-
tion rather than causation is the goal. Nevertheless, given limi-
tations of common approaches,56-58,63,65-69 we conducted a
Cox regression as a sensitivity analysis. The level of statistical
significance we used for model selection was P = .10, so vari-
ables with P < .10 became model candidates and were dropped
only if multicollinearity was an issue. For everything else,
our level of statistical significance was P = .05. All tests per-
formed were 2-sided, and we used SAS statistical software
version 9.4 (SAS Institute) and Stata SE statistical software
version 16.1 (StataCorp). Data were analyzed from August 2023
through December 2024.

Study Cohort by Race and Ethnicity Analyses
Because another important concern for our intervention was
the potential association of KTFT with racial and ethnic dis-
parities in access to KT, we examined whether unique combi-

nations of study cohort and race and ethnicity were associ-
ated with study outcomes. Rather than testing an interaction,
we hypothesized that there would be no race or ethnicity dif-
ferences within KTFT but that there would be race and eth-
nicity differences within HC. Thus, we cross-classified study
cohort (KTFT or HC) by race and ethnicity (non-Hispanic Black
[hereafter, Black], non-Hispanic White [hereafter, White], and
other race and ethnicity [including Asian, Hispanic or Latino,
Native Hawaiian or Pacific Islander, multiple races or ethnici-
ties, and other not specified for KTFT and Asian, Hispanic or
Latino, Native American, and multiple races or ethnicities for
HC]). We tested for differences within group pairs according
to our hypotheses. We completed these analyses for each key
outcome, adjusting for demographic and clinical factors.

Results
Sample Description
The study included 1118 participants in the KTFT group (416
female [37.2%]; mean [SD] age, 57.2 [13.2] years; 245 Black
[21.9%]; 790 White [70.7%], and 83 other race or ethnicity
[7.4%]) and 1152 participants in the HC group (447 female
[38.8%]; mean [SD] age, 55.5 [13.2] years; 267 Black [23.2%],
789 White [68.5%], and 96 other race or ethnicity [8.3%]). For
both groups, individuals with other race and ethnicity con-
sisted mostly of individuals who were multiracial (Table 1).70

KTFT and HC groups were similar across most demograph-
ics; however, the KTFT cohort’s mean age was approximately
2 years older and a higher percentage of participants in the
KTFT group relied exclusively on public insurance. On clini-
cal characteristics, the KTFT cohort had a lower percentage of
patients with less than 1 year of dialysis but a greater percent-
age with 1 to 5 years of dialysis and more potential donors. See
eTable 2 in Supplement 2 for the numbers of patients experi-
encing study outcomes and reasons for censoring. We found
differences in patient outcomes and censored events and used
these data in time-to-event analyses addressing study aims.

Comparison of Study Outcomes by Cohort
After adjusting for demographic and clinical factors, we found
that patients in the KTFT group were more likely to be placed
on the active waitlist for KT over a 7-year follow-up period than
those in the HC group (SHR, 1.40; 95% CI, 1.24-1.59) (Figure 2A
and Table 2).71 Among patients who were on the active wait-
list, patients in the KTFT group were more likely to receive a
KT than those in the HC group (SHR, 1.21; 95% CI, 1.04-1.41)
after adjusting for demographic and clinical factors (Figure 2B
and Table 2). See eFigures 1 and 2 in Supplement 2 for monthly
waitlisting and transplant rates across preintervention and
study periods for UPMC.

Comparison of Study Outcomes by Cohort
and Race and Ethnicity
Likelihood of Waitlisting
Among patients in the KTFT group, Black patients (SHR, 1.54;
95% CI, 1.11-2.14) and White patients (SHR, 1.38; 95% CI, 1.16-
1.65) were more likely to be waitlisted for KT than Black and
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White patients, respectively, in the HC group; however, there
was no statistically significant difference for patients with other
race or ethnicity by cohort (SHR, 1.28; 95% CI, 0.83-1.98). As
hypothesized, we found no significant differences in likeli-
hood of waitlisting between Black and White patients in the
KTFT group (SHR, 0.79; 95% CI, 0.61-1.01) or between pa-
tients with other race or ethnicity and White patients in the
KTFT group (SHR, 0.77; 95% CI, 0.51-1.15). In contrast, Black
patients were significantly less likely to be waitlisted than

White patients in the HC group (SHR, 0.71; 95% CI, 0.58-0.87)
(Figure 3A and Table 2).

Likelihood of Receiving a Transplant After Waitlisting
Black patients in the KTFT group were more likely to receive
a KT after waitlisting than Black patients in the HC group (SHR,
1.52; 95% CI, 1.06-2.16). Results for White patients (SHR, 1.14;
95% CI, 0.96-1.36) and patients with other race or ethnicity
(SHR, 1.22; 95% CI, 0.72-2.07) in the KTFT group were not sig-

Table 1. Patient Characteristics

Characteristic

Patients, No. (%) (N = 2270)a Group comparison

KTFT (n = 1118) HC (n = 1152) Test statistic P value

Demographics

Race and ethnicity

Non-Hispanic White 790 (70.7) 789 (68.5)

χ2 = 1.38 .50Non-Hispanic Black 245 (21.9) 267 (23.2)

Otherb 83 (7.4) 96 (8.3)

Sex

Female 416 (37.2) 447 (38.8)
χ2 = 0.59 .44

Male 702 (62.8) 705 (61.2)

Age, mean (SD), y 57.2 (13.2) 55.5 (13.2) t = 3.06 .002

Education (≤high school) 519 (46.5) 551 (47.8) χ2 = 0.42 .52

Household income (<$50 000) 778 (72.3) 809 (74.2) χ2 = 0.94 .33

Insurance status

Private only 204 (18.3) 233 (20.2)

χ2 = 9.79 .008Public only 483 (43.2) 424 (36.8)

Public and private 430 (38.5) 495 (43.0)

Employment status (employed) 270 (24.2) 293 (25.5) χ2 = 0.54 .46

Marital status (not married) 582 (52.1) 564 (49.0) χ2 = 2.24 .13

Clinical characteristics

BMI

Without obesity (≤30) 274 (52.2) 354 (54.3)
χ2 = 1.38 .47

With obesity (>30) 251 (47.8) 298 (45.7)

Charlson Comorbidity Index score, mean (SD) 4.3 (1.7) 4.2 (1.7) t = 1.29 .20

Type of dialysis

None 415 (37.2) 397 (36.4) <0.0001c .13

Hemodialysis 572 (51.3) 573 (52.5)

Peritoneal dialysis 128 (11.5) 116 (10.6)

Both 0 5 (0.5)

Dialysis duration, y

0 392 (35.1) 395 (34.3)

χ2 = 10.06 .02
<1 429 (38.4) 504 (43.8)

1-5 236 (21.1) 192 (16.7)

>5 61 (5.5) 61 (5.3)

Kidney disease burden (range, 1-5), median (IQR) 4.0 (3.0,4.7) 4.0 (3.0,4.7) t = 1.35 .18

No. of potential donors, median (IQR)d 4.4 (3.4, 5.8) 4.2 (3.4,5.4) t = 2.48 .01

Intervention-related characteristics

Intermediate step: evaluation completione 810 (73.1) 589 (51.1)

χ2 = 134.9 <.001

Competing risk: death 13 (1.2) 66 (5.7)

Censored

Evaluation ongoing 4 (0.4) 15 (1.3)

Case closed, incomplete evaluation 253 (22.8) 457 (39.7)

Patient choice to withdraw from process 19 (1.7) 24 (2.1)

Abbreviations: BMI, body mass index
(calculated as weight in kilograms
divided by height in meters squared);
HC, historical control; KTFT, Kidney
Transplant Fast Track.
a The following variables had missing

values (percentages in the table are
given among those with data):
42 patients for household income,
10 patients for BMI and Charlson
Comorbidity Index, 9 patients for
intermediate step evaluation
completion, 3 patients for dialysis
type, and 1 patient for sex, age,
education, insurance, employment
status, marital status, and burden of
kidney disease in the KTFT group
and 61 patients for household
income and dialysis type, 1 patient
for intermediate step evaluation
completion, 4 patients for age,
and 3 patients for employment in
the HC group.

b Other race and ethnicity included
7 Asian, 25 Hispanic or Latino,
1 Native Hawaiian or Pacific Islander,
38 multiracial or multiethnic, and
7 other not specified for KTFT and
13 Asian, 21 Hispanic or Latino,
8 American Indian, and 54
multiracial or multiethnic for HC.

c Fisher exact test statistic.
d Patient-reported number of

potential living donors available for
evaluation was determined by
asking participants to indicate how
many living relatives and friends
they had aged 18 to 75 years who
would be considered among the
patient’s network of potential
donors (range, 0-150 donors).
This variable was then transformed
(square root transformation after
capping at 101 donors)70 to address
skewness and nonnormality.

e Evaluation completion includes
everyone who completed
evaluation testing regardless
of being found eligible or ineligible
for transplant.
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nificantly different than those of the respective populations
in the HC group. There were no significant KT differences be-
tween Black and White patients in the KTFT group (SHR, 1.06;
95% CI, 0.80-1.40); such differences between Black and White
patients in the HC group were more pronounced, although also
not statistically significant (SHR, 0.80; 95% CI, 0.60-1.06)
(Figure 3B and Table 2). Results from sensitivity analyses
using Cox modeling were comparable to those of our primary
analyses in identifying statistically significant outcomes
(eTable 3 in Supplement 2).

Discussion
Our health care system–level changes in the clinical approach
to KT evaluation created a naturalistic before and after experi-
ment of the KTFT. Inspired by results from our previous de-
scriptive work at the Department of Veterans Affairs72 and oth-
ers’ retrospective findings,49 we sought to test the advantage
of using a comprehensive, patient-centered, system-level
fast-track KT evaluation process for patients with ESKD over
standard care in the likelihood of waitlisting and KT. We be-
lieve our nonrandomized clinical trial is superior to second-
ary data analysis using Scientific Registry of Transplant Re-
cipients data to compare centers because our approach
examined the intervention prospectively. Additionally, our
comparison group came from the same center, allowing for the
control of factors such as similar clinical structure, hospital
policies, and geographic region of patients served. Although
there was some turnover in transplant clinicians and office staff,
the number of clinicians was consistent and the required test-
ing for evaluation during the 2 periods was uniform.

Over a 7-year follow-up period, results showed that
KTFT was associated with a higher likelihood of waitlisting
and KT. Patients in the KTFT group had a higher likelihood
of being placed on the active waitlist and of undergoing KT
than patients in the HC group. Notably, these advantages

persisted after controlling for sociodemographic and medi-
cal factors, indicating the advantage of our intervention
regardless of patients’ varying social determinants of health,
such as income or education level. These findings are par-
ticularly important because they are a substantial departure
from previous interventions focused on patient education,
which neither alleviated the logistical burden for patients
nor were associated with improved waitlisting or KT
outcomes.21,23,26,29 We believe that the KTFT intervention
reduced patient burden and focuses on what the health care
system can do for all patients regardless of their social deter-
minants of health.

Another unique and important study finding was the as-
sociation of KTFT with reduced racial and ethnic disparities
in access to KT. Although prior research demonstrated racial
and ethnic disparities in KT referral among patients undergo-
ing dialysis,6,29,34,73,74 to our knowledge, few studies exam-
ined disparities occurring after KT referral but before KT
acceptance75 and none developed a transplant center–based
intervention to reduce disparities at this point. This period,
however, is clearly a critical point preceding KT in which dis-
parities may occur.8,37 Thus, increasing the representation of
at-risk groups at this point may increase their access to KT. Our
results demonstrated that KTFT may have contributed to sig-
nificantly higher likelihoods of waitlisting for Black patients.
Among Black patients, those in the KTFT cohort were more
likely to be waitlisted for KT and more likely to undergo KT
compared with those in the HC cohort. Our conclusions are
buffered by the finding that there were no significant differ-
ences in waitlisting between Black and White patients in the
KTFT group, despite significant differences between Black and
White patients in the HC group. To our knowledge, this is the
first study to demonstrate such a remarkable change in KT wait-
listing disparities for Black and White patients. Although we
did not find similar significant differences for patients with
other race or ethnicity, we suspect differences may be ob-
scured because of small group sizes and more heterogenous

Figure 2. Cumulative Incidence of Waitlisting and Transplant
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patient groups compared with those in Black and White
patient groups.

Limitations
Despite our significant findings, our study has limitations be-
cause it was not a randomized clinical trial. Temporal changes
or other unmeasured confounders occurring after the HC re-
cruitment period or during the KTFT period (eg, national Medi-
care policy changes, secular changes due to transplant center–

specific policy changes, and changes in hospital staff personnel)
may have influenced KT outcomes or contaminated associa-
tions that we observed with KTFT. However, data on UPMC wait-
listing rates strongly suggest that the increase in waitlisting rates
coincided with the implementation of KTFT in 2012. We also
acknowledge that additional unmeasured confounders may
have contributed to the association between the KTFT inter-
vention and the receipt of a transplant in light of the relatively
short duration of the intervention and the multiple interim steps

Table 2. Group Comparison of Waitlisting and Kidney Transplant Outcomes

Group

SHR (95% CI)a

Waitlisted for transplantb Received transplantc

Cohort (KTFT vs HC)d 1.40 (1.24-1.59) 1.21 (1.04-1.41)

Cohort by race and ethnicity group: key comparisonse

Black individuals (KTFT compared with HC) 1.54 (1.11-2.14) 1.52 (1.06-2.16)

White individuals (KTFT compared with HC)f 1.38 (1.16-1.65) 1.14 (0.96-1.36)

Individuals with other race (KTFT compared with HC) 1.28 (0.83-1.98) 1.22 (0.72-2.07)

Black individuals compared with White individuals (KTFT) 0.79 (0.61-1.01) 1.06 (0.80-1.40)

Individuals with other race compared with White individuals (KTFT) 0.77 (0.51-1.15) 0.82 (0.53-1.28)

Black individuals compared with White individuals (HC) 0.71 (0.58-0.87) 0.80 (0.60-1.06)

Covariates

Age, per 1-y increase 0.98 (0.98-0.99) 0.98 (0.97-0.99)

Education (≤high school) 0.92 (0.81-1.04) 0.80 (0.68-0.94)

Income (≤$50 000) 0.79 (0.68-0.92) 0.75 (0.63-0.90)

Marital status (married or partnered) 1.21 (1.06-1.39) NA

Employed (yes) 1.26 (1.08-1.46) 1.11 (0.93-1.32)

Insurance

Public 1 [Reference] 1 [Reference]

Private 1.60 (1.33-1.93) 1.24 (0.99-1.55)

Both 1.47 (1.25-1.74) 1.14 (0.91-1.42)

Kidney disease burden 0.95 (0.90-1.01) NA

Charlson Comorbidity Index score, per 1-unit increase 0.87 (0.84-0.91) 0.92 (0.88-0.97)

Dialysis duration, y

None 1 [Reference] 1 [Reference]

<1 0.63 (0.54-0.73) 0.78 (0.66-0.93)

1-5 0.68 (0.57-0.83) 1.33 (1.06-1.66)

>5 0.61 (0.45-0.83) 1.13 (0.71-1.79)

BMIg

Without obesity NA 1 [Reference]

With obesity NA 0.84 (0.72-0.97)

Network of potential donors, per 1-donor increase NA 1.03 (0.99-1.08)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); HC, historical control; KTFT, Kidney Transplant
Fast Track; NA, not applicable; SHR, subdistribution hazards ratio.
a Comparisions were done using multivariable competing risk models

and resulting SHRs.
b BMI and network of potential donors did not meet criteria in univariable

selection and were therefore excluded from the waitlist model; evaluation
completion was conflated with the accepted for waitlisting outcome and thus
excluded from final multivariable analyses.

c Marital status and kidney disease burden did not meet criteria in univariable
selection and were therefore excluded from the received transplant model.

d The number of events included in analyses was as follows: 1130 events for
active waitlisting, 469 events for competing risk, and 555 censored events in
the waitlisting model and 689 events for kidney transplant, 190 events for
competing risk, and 250 censored events in the received transplant model.

e We adjusted CIs for multiple comparisons of race and ethnicity groups and
cohorts using false discovery rate adjustment.71

f Schoenfeld residual and hazard plots did not suggest pronounced violation
of the proportional hazard assumption. However, Cox test suggested a
borderline deviation of the assumption between non-Hispanic White
individuals in the KTFT and HC groups for waitlisting (correlation = −0.07;
P = .03) and transplant (correlation = −0.12; P = .003). Exclusive censoring
(including death) beyond year 4 for waitlisting and 100% transplant by year 6
of active listing in the non-Hispanic White individuals in the KTFT group were
likely responsible for potential deviations. The proportional hazard
assumption was satisfactory between all other cohort and race and ethnicity
groups. Small values of the correlation suggested a negligible to small impact
of deviations on hazard ratios.

g The Cox proportional hazard test indicated possible deviations from the
proportional hazard assumption between groups with obesity and without
obesity (correlation = 0.09; P = .01). However, the small value of the
correlation and inclusion of obesity as an adjustment suggested limited
impact of this deviation on hazard ratios.
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between the more proximal outcome of waitlisting and the trans-
plant. Given the intuitive systemwide benefits associated with
KTFT for all patients, conducting a randomized clinical trial may
have raised ethical concerns of depriving clinical benefits to
some patients. As an optimal alternative, we conducted this
longitudinal cohort study with an HC group. Given the com-
plex nature of transplant centers and organizational settings,
we argue that our pragmatic trial approach76 improves the value
of our research for decision-making in clinical and health policy,
which is the ultimate goal of this research.

Additionally, our study did not address potential dispari-
ties occurring before referral for transplant given that this
issue has been examined in previous literature.6-9 Further-
more, our study was limited to 1 transplant center. Although
a single site, UPMC STI is one of the largest of 42 transplant
centers in United Network for Organ Sharing Region 2,77 mak-
ing it an ideal location to test this intervention. It is, however,
very well-resourced, and most patients are well insured via pri-
vate or public insurance. Thus, although our multivariable
modeling accounted for patient-level differences in income
and insurance status, future research should investigate
whether KTFT can succeed in a variety of health care set-
tings. For example, it would be important to test KTFT in health
care settings with limited operational funds or clinical shortages
serving a patient population that is predominantly underin-
sured or uninsured (eg, state-funded, safety-net hospitals).

Conclusions

Although it is a seemingly intuitive solution to enabling more
patients to complete the evaluation process and be added to
the waitlist, to our knowledge, few transplant centers use a
health care system–facilitated approach like KTFT to com-
plete the transplant evaluation process.49,78 Indeed, as noted
by Schold et al, “[D]espite wide recognition, policy reforms,
and extensive research, rates of waitlisting following ESKD on-
set did not seem to improve in more than two decades and were
consistently reduced among vulnerable populations. Improv-
ing access to transplant may require more substantial
interventions.”7 Our nonrandomized clinical trial answers
this call for a more substantial intervention among patients
referred to KT. In addition, our intervention may have con-
tributed to significantly reduced KT waitlisting disparities. We
believe that KTFT should be implemented as standard care
across transplant centers to the greatest extent possible. We
hope that clinicians at various health care systems can use the
results of our work to make a case for implementing a similar
approach in their respective transplant centers. Additionally,
we encourage appropriate insurance and Medicare reimburse-
ment to enable institutions across the income spectrum re-
gardless of profit status to implement the appropriate health
care system changes.
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