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Introduction
In 2019, a total of 23,401 kidney transplants were per-

formed in the United States, representing a 10.6% increase 
from the year prior (Base on The Organ Procurement Trans-
plantation Network; OPTN data as of April 1, 2020). De-
spite this increase in kidney transplantation, approximately 
102,000 candidates remained on the waiting list (Base on 
OPTN data as of June 3, 2020). The median waiting time to 
kidney transplant (deceased or living donor) was 3.4 years 
for first-time listed candidates and 4.3 years for repeat trans-
plant candidates from United States Renal Data System (US-
RDS) latest report in 2009 [1]. However, waiting times are 
subject to large variances depending on where a candidate 
is waitlisted geographically [2,3]. Currently, the Organ Pro-
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curement Organizations (OPOs) facilitate all organ donation 
and allocation in their geographic local donor service areas. 
A candidates’ position in the waitlist is predominantly influ-
enced by their waiting time, blood type and calculated panel 
reactive antibody (PRA) score with exceptions for pediatric, 
multiorgan, and highly sensitized candidates.

In December 2014, the new kidney allocation system 
(KAS) was implemented in the United States. One of the 
main goals of the system was to increase allograft life-years 
of kidneys recovered for transplantation by prioritizing high 
quality organs to candidates with longer predicted survival. 
To achieve this goal the concept of “longevity matching”, the 
Kidney Donor Profile Index (KDPI) and Estimated Post Trans-
plant Survival (EPTS) were introduced. Every deceased donor 
kidney receives a KDPI score, which assesses deceased donor 
quality based on several variables. The KDPI score ranges 
from 0% to 100%, with lower scores predicting better graft 
survival. Additionally, each transplant candidate receives an 
EPTS score which incorporates their age, duration of dialysis, 
current diagnosis of diabetes and prior solid organ transplant 
status. The EPTS score ranges from 0% to 100%, with lower 
scores predicting longer survival. These two scores are used 
in the KAS to allocate organs to recipients. Candidates with 
EPTS score ≤ 20% receive additional allocation priority for kid-
neys with KDPI score ≤ 20% [4,5].

It has been shown that increased age is associated with 
reduced transplantation rates and higher waitlist mortality 
[6,7]. However, there is limited data regarding the outcomes 
of waitlisted candidates with an EPTS > 90%, which includes 
additional variables beyond age of the candidate, and associ-

ation with geographic listing area. By definition, this group of 
transplant candidates possess medical characteristics which 
reduce their post-transplant survival and may contribute to 
accumulation of comorbidities on the waiting list which result 
in death or delisting. Under the current KAS, candidates with 
an EPTS > 20% receive no additional allocation consideration 
[5], which may increase waiting time in a group at increased 
risk. Furthermore, despite extensive changes to kidney allo-
cation under new KAS, limited changes were made to address 
geographic disparities and geography remains a primary 
determinant of access to deceased donor kidney transplant 
(DDKT) [8].

Here we study the impact of new KAS, and geographic fac-
tors based on the location of the listed OPO among the can-
didates with EPTS > 90%. We hypothesize that the transplant 
rate and waiting time among very high EPTS candidates may be 
negatively impacted by lack of KAS priority and waitlisted OPO.

Materials and Methods

Data source and study population
The Organ Procurement Transplantation Network/Unit-

ed Network for Organ Sharing (OPTN/UNOS) database as of 
March 20, 2020 was used in this study. All newly listed first-
time kidney transplant candidates from January 1, 2015 to 
December 31, 2018 were included. Individuals listed for mul-
tiple organs, at multiple centers, and age at listing < 18 years 
were excluded. Flow chart of study inclusion is shown in Fig-
ure 1. This study was institutional review board exempt due 
to its use of publicly available data and absence of identifica-
tion of individual candidates.
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Figure 1: Flow chart of study inclusion.
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ery which not indicated for transplantation. Candidates which 
were dead or removed from the list due to deteriorated med-
ical status were considered for remaining not undergone 
transplant waitlist and included in the calculation. The model 
also included time during a candidate were in temporary in-
active status [9]. The longest possible observation time in this 
analysis was 1,905 days (from January 1, 2015 to March 20, 
2020).

Actual kidney transplant rates, death rates and delisting 
rates were represented as rates per 100 patient-years at risk. 
The different rates between study groups were compared by 
“test-based method” [10]. Due to the presence of competing 
events, the cumulative incidence function (CIF) was used to 
estimate the cumulative probability of events over time. Uni-
variate cox-proportional hazards model and competing risks 
regression model (Fine-Gray) were used to calculate hazard 
ratios (HR) and subdistribution hazard ratios (SHR), respec-
tively. In the multivariate model, we adjusted for candidates’ 
age at initial listing, gender, ethnicity, ABO blood group, PRA, 
and primary payment. HLA mismatches were also used in 
multivariate model among candidates who received kidney 
transplant. All reported p -values were two tailed and p-val-
ues < 0.05 were considered significant. STATA version 13 
(Statacorp, College Station, Tx) was used in all statistical anal-
ysis.

Results
A total of 114,870 kidney transplant candidates were in-

cluded in this study. Among these, 11,191 (9.74%) candidates 
had EPTS > 90%. Median observation time was 576 (0 - 1,904) 
days. Waitlist candidates’ characteristics were shown in Table 1. 

Patient characteristics including age at initial listing, gen-
der, ethnicity, ABO blood group, diabetes status, dialysis 
vintage, peak PRA, primary payment, maximum acceptable 
human leukocyte antigen (HLA) and KDPI were collected. We 
categorized our study population into two groups according 
to EPTS score; 1) Candidates with EPTS ≤ 90% and 2) Candi-
dates with EPTS > 90%.

Outcome measures
The study population were analyzed to determine the im-

pact of very high EPTS (EPTS > 90%), and geographic factors 
based on the location of the listed OPOs on waitlist candi-
dates’ outcomes. The primary outcome was median wait-
ing time to kidney transplant among candidates with initial 
EPTS > 90% based on the listed OPOs. Secondary outcomes 
were kidney transplant rates, death rates and delisting rates 
among candidates with EPTS > 90% compared to those with 
EPTS ≤ 90%.

Statistical analysis
Waitlist characteristics were analyzed by using median, 

range and interquartile range (IQR) for continuous variables, 
and using proportion for categorical variables. Group differ-
ences were compared using Kruskal-Wallis or Pearson’s chi-
squared test as appropriate. Median waiting time to trans-
plant was calculated as the time after a candidate was initially 
listed until 50% of all candidates had been removed from the 
list due to undergoing transplant. This study included both 
deceased and living donor kidney transplant in the waitlist 
candidates’ outcomes. A Kaplan-Meier model was used with 
censoring for 1. Candidates still waiting on March 20, 2020; 
and 2. Candidates removed from the list due to renal recov-

Table 1: Characteristics of waitlist candidates classified by EPTS score.

Variables

EPTS ≤ 90% EPTS > 90%

p-value*

N = 103,679 N = 11,191

-90.26% -9.74%

Age, years (IQR) 53 (43-61) 67 (64-70) 0.0001

Gender (%) < 0.001

Female 38.26 32.62

Male 61.74 67.38

Ethnicity (%) 0.13

White 43.47 38.3

African American 27.76 30.13

Hispanic 19.13 20.03

Other 9.64 11.54

Blood group (%) < 0.001

A 33.02 30.92

B 14.76 15.38

AB 3.83 3.3

O 48.38 50.41

Diabetes (%) 41.13 91.78 < 0.001

Dialysis vintage (%) <  0.001
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transplant compared to total candidates (1,025 vs. 444 days, p 
< 0.001). Among OPOs, overall median waiting time to trans-
plant range from 188 -1,042 days compared to 160 -1,633 days 
in those with EPTS > 90%. Candidates with EPTS > 90% had a 
longer median waiting time compared to total waitlisted in all 
but one OPO (Figure 3). The missing median waiting time in can-
didates with EPTS > 90% among 2 OPOs indicated that less than 
50% of candidates had undergone transplantation during the 
follow up period.

Candidates with EPTS > 90% were more likely to have an older 
age at time of listing, male gender, diabetes, a longer dialysis 
vintage and public insurance as a primary payment compared 
to candidates with EPTS ≤ 90%. Additionally, they were less 
likely to be preemptive listed for transplantation. According 
to 58 OPOs, the number of waitlisted candidates ranged from 
299 - 7,171 (0.26% - 6.24% of the whole country waitlist). There 
were 12 - 905 candidates with EPTS > 90% (2.15% - 16.19% of 
the total candidates among OPOs) (Figure 2). Candidates with 
EPTS > 90% had a significantly longer median waiting time to 

Abbreviation: EPTS: Estimated Post Transplant Survival; IQR: Inter Quartile Range; PRA: Panel Reactive Antibody; HLA: Human Leukocyte 
Antigen; KDPI: Kidney Donor Profile Index
*p-values reflect tests for significant across the groups

Preemptive listed 32.77 0.42

< 1 year 26.92 27.7

1-3 years 24.91 43.88

> 3 years 15.4 27.98

Peak PRA, (%) 0.01

0% 64.54 63.43

1-30% 16.14 17.34

31-80% 11.24 11.58

> 80% 8.08 7.64

Maximum acceptable 6 HLA mismatch (%) 99.44 99.5 0.003

Maximum acceptable KDPI > 85% (%) 99.98 99.99 0.87

Primary payment (%) < 0.001

Private insurance 41.81 19.17

Public insurance 57.85 80.59

Other 0.34 0.24

         

Figure 2: Number of kidney transplant waitlist candidates according to OPOs.
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Figure 3: Median waiting time of kidney transplant candidates with EPTS score > 90% compared to overall candidates at their 
corresponding OPO.
Abbreviations: OPOs: Organ Procurement Organizations; EPTS: Estimated Post Transplant Survival.

Table 2: Characteristics of waitlist candidates with EPTS score > 90% who received and did not received kidney transplant.

Variables

Not transplanted Transplanted

p-value*

N = 7,798 N = 3,393

-69.68% -30.32%

Age, years (IQR) 67 (64 - 70) 68 (65 - 71) 0.0001

Gender (%) 0.67

Female 32.74 32.33

Male 67.26 67.67

Ethnicity (%) 0.004

White 38.2 38.52

African American 29.3 32.04

Hispanic 20.51 18.92

Other 11.99 10.52

Blood group (%) < 0.001

A 28.56 36.34

B 15.66 14.74

AB 2.31 5.57

O 53.48 43.35

Diabetes (%) 91.78 91.6 0.16

Dialysis time, days (IQR) 484 (238 - 885) 948 (420 - 1849) 0.0001

Dialysis vintage (%) < 0.001

< 1 year 38.57 21.28

1-3 years 43.38 33.83

> 3 years 17.7 44.77

Peak PRA, (%) < 0.001
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0% 64.4 69.23

1-30 % 15.57 13.97

31-80 % 12.35 9.58

> 80 % 7.68 7.22

Maximum acceptable 6 HLA mismatch 97.64 96.93 < 0.001

Maximum acceptable KDPI > 85% 99.29 99.15 0.4

Primary payment (%) < 0.001

Private insurance 23.45 9.31

Public insurance 76.31 90.42

Other 0.24 0.27

Abbreviation: EPTS: Estimated Post Transplant Survival; IQR: Inter Quartile Range; PRA: Panel Reactive Antibody; HLA: Human Leukocyte 
Antigen; KDPI: Kidney Donor Profile Index
*p-values reflect tests for significant across the groups.

         

 

 

p < 0.0001 

p < 0.0001 

p < 0.0001 

p < 0.0001 

p < 0.0001 

Figure 4: Actual kidney transplant rates, delisting rates, and death rates among candidates with EPTS score > 90% compared with 
EPTS score ≤ 90%.
Abbreviations: EPTS: Estimated Post Transplant Survival; DDKT: Deceased Donor Kidney Transplant; LDKT: Living Donor Kidney 
Transplant.
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transplant, DDKT, LDKT, death and delist derived by CIF com-
paring between candidates with EPTS > 90% and ≤ 90%. At 5.2 
years, the cumulative incidence of kidney transplant is 37% 
vs. 57%, DDKT 34% vs. 37%, LDKT 16% vs. 35%, death 12% vs. 
7% and delist 32% vs. 21%, respectively.

Using cox-proportional hazards model, candidates with 
EPTS > 90% are associated with a decreased chance to re-
ceived kidney transplant among those who are still alive, do 
not removed from waitlist and do not yet received kidney 
transplant (adjusted HR 0.76, 95% CI 0.73-0.79). The lower 
chance includes both DDKT and LDKT (adjusted HR 0.89, 95% 
CI 0.86-0.93 and adjusted HR 0.35, 95% CI 0.32-0.39, respec-
tively). Candidates with EPTS > 90% are associated with a de-
creased mortality risk (adjusted HR 0.75, 95% CI 0.70-0.82) 
but not associated an increased risk for delisting (adjusted 
HR 1.03, 95% CI 0.98-1.08). Using competing risks regression 
model, candidates with EPTS > 90% are associated with a de-
creased chance to received kidney transplant among those 
who have not yet received a transplant or have already died/
delisted without transplant (adjusted SHR 0.62, 95% CI 0.60 - 
0.65). While candidates with EPTS > 90% have a lower chance 
to received LDKT (adjusted SHR 0.41, 95% CI 0.37-0.45), the 
remaining candidates will have a higher chance to received 
DDKT compared to candidates with EPTS ≤ 90% (adjusted SHR 
1.26 95% CI 1.22-1.31). Candidates with EPTS > 90% are also 
associated with an increased risk for delisting (adjusted SHR 
1.38, 95% CI 1.32-1.44) among those who have not yet delist-
ed or have already received transplant/died. Candidates with 
EPTS > 90% are not associated with an increased mortality 
risk (adjusted SHR 0.98, 95% CI 0.91-1.05) among those who 
are still alive or have already received transplant/delisted. 

Table 2 shows characteristics of candidates with EPTS > 
90% who received kidney transplant compared to who did 
not received kidney transplant. There were statistically sig-
nificant differences between transplanted compared with 
non-transplanted groups. Candidates whose undergone 
transplant were older at time of listing (68 years vs. 67 years) 
and had higher proportion of blood group A and AB (36.34% 
vs. 28.56%) and (5.57% vs. 2.35%), respectively. Candidates 
who received kidney transplant had a significant longer dialy-
sis vintage prior to listing (948 days vs. 484 days, p = 0.0001) 
with 44.77% of those having a dialysis vintage of more than 
3 years. A lower degree of sensitization by PRA was observed 
in transplanted candidates (zero PRA 69.23% vs. 64.40%, p 
< 0.001) compared to those who did not received a kidney 
transplant. There was a lower proportion of transplanted can-
didates who accepted 6 HLA mismatch (96.93% vs. 97.64%, p 
< 0.001) while there was no difference of proportion of can-
didates who accepted KDPI > 85% (99.15% vs. 99.29%, p = 
0.40).

Amongst all waitlisted candidates, a kidney transplant rate 
of 25.05 per 100 pat﻿ient-years, death rate of 3.40 per 100 pa-
tient-years, and delisting rate of 8.03 per 100 patient-years 
were observed. Candidates with EPTS > 90% had a lower 
rate of transplantation compared with EPTS ≤ 90% (13.60 
VS. 26.64 per 100 patient-years, p < 0.0001), lower rate of 
DDKT (11.86 vs. 16.21 per 100 patient-years, p < 0.0001), low-
er rate living donor transplant (LDKT) (1.74 vs. 10.43 per 100 
patient-years, p < 0.0001), higher death rate (3.96 vs. 3.32 
per 100 patient-years , p < 0.0001) and higher delisting rate 
(10.27 vs. 7.72 per 100 patient-years, p < 0.0001) (Figure 4). 
Figure 5 shows the cumulative incidence of overall kidney 

         

Figure 5: Cumulative incidence curves derived from the cumulative incidence function for waitlist candidates’ outcomes by EPTS 
score.
Abbreviations: EPTS: Estimated Post Transplant Survival; DDKT: Deceased Donor Kidney Transplant; LDKT: Living Donor Kidney 
Transplant.
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Table 3: Hazards and subdistribution hazards ratio for kidney transplant, death and delist.

Cox-proportional hazards model Competing risks regression model*

Univariate Multivariate Univariate Multivariate

HR 95%CI HR 95%CI SHR 95%CI SHR 95%CI

Overall

EPTS > 90% 0.54 0.52-0.56 0.76a 0.73-0.79 0.55 0.53-0.57 0.62a 0.60-0.65

DDKT

EPTS > 90% 0.76 0.73-0.79 0.89a 0.86-0.93 0.88 0.85-0.91 1.26a 1.22-1.31

LDKT

EPTS > 90% 0.18 0.17-0.20 0.35a 0.32-0.39 0.19 0.18-0.21 0.41a 0.37-0.45

Dead

EPTS > 90% 1.15 1.08-1.24 0.75b 0.70-0.82 1.46 1.37-1.57 0.98b 0.91-1.05

Delist

EPTS > 90% 1.26 1.21-1.31 1.03b 0.98-1.08 1.65 1.59-1.72 1.38b 1.32-1.44

Using EPTS ≤ 90% as a reference.
*Competing events for overall transplant: death and delist; DDKT: LDKT, death and delist; LDKT: DDKT, death and delist; death: kidney 
transplant and delist; delist: kidney transplant and death.
aAdjusted for age at listing, gender, ethnicity, blood group, PRA, HLA antigen mismatches, and primary insurance.
bAdjusted for age at listing, gender, ethnicity, blood group, PRA, and primary insurance.
Abbreviations: EPTS: Estimated Post Transplant Survival; DDKT: Deceased Donor Kidney Transplant; LDKT: Living Donor Kidney Transplant; 
PRA: Panel Reactive Antibody; HLA: Human Leukocyte Antigen; HR: Hazard Ratio; SHR: Sub-Distribution Hazard Ratio; CI: Confidence Interval

tation compared to overall candidates in all but one OPO. 
Longer waiting time was not correlated with number of total 
candidates or proportion of candidates who had EPTS > 90% 
among OPOs. Longer median waiting time among these very 
high EPTS was due to a significantly lower rate of transplan-
tation especially LDKT compared with candidates with EPTS 
≤ 90%. Because candidates removed from the waitlist or die 
without receiving kidney transplant decrease number of pa-
tients at risk and not included in the calculation of waiting 
time, median waiting time calculated by using Kaplan-Meier 
method is always shorter than actual median waiting time 
[14]. Importantly, candidates with EPTS > 90% which have a 
high delisting and death rate will have a much longer actu-
al median waiting time than demonstrated. From the com-
peting risk analysis using death and delisting as competing 
events, only 37% of candidates with EPTS > 90% received kid-
ney transplant during the observation time (median observa-
tion 19 months). Achieving 50% transplantation to calculate 
the actual median waiting time needs the longer observation. 

Our analysis shows that among candidates with EPTS > 
90% who received kidney transplant were more likely to be 
older, blood group A or AB, with a longer dialysis vintage and 
a lower PRA at the time of listing compared to those who did 
not received kidney transplant. This is consistent with previ-
ous data demonstrating that candidates with blood group O 
or B and previously sensitized have a longer waiting time [15].

We demonstrated that very high EPTS is associated with a 
lower likelihood of receiving a transplant, longer waiting time 
to receive a kidney transplant, and higher rate of adverse 
events while on the waitlist. These findings were consistent 
across already present geographical differences in kidney 

(Table 3). These SHR representing a ratio in non-existing pop-
ulation including candidates who experienced the competing 
events, this may less appropriate than cox-regression analy-
ses [11,12].

Discussion
Under the current KAS, we demonstrated that kidney 

transplant candidates with an initial EPTS > 90% at the time of 
listing had a significantly longer median waiting time to trans-
plant compared to overall candidates at their corresponding 
OPO (1,025 vs. 444 days, p < 0.001). This is true in all but one 
OPO. The difference in waiting time varied highly depending 
on the geographic location of the transplant candidates. A 
major potential consequence of a longer waiting time is the 
deterioration in health resulting in death or removal from the 
transplant waiting list of previously qualified individuals. A 
previous study showed that candidates with EPTS > 90% who 
did not receive kidney transplant had 3-year survival only 
41% after listing [13]. We also demonstrated that candidates 
with EPTS > 90% had a higher death rate and delisting rate 
while awaiting for transplantation. Candidates with an EPTS 
> 90% carry immutable factors which may place them at a 
higher risk for these adverse outcomes. The most important 
finding in this study is candidates with an initial EPTS > 90% 
compared to candidates with EPTS ≤ 90% have a much lower 
rate of kidney transplant (13.6 vs. 26.6 /100 patient-years, p 
< 0.0001) especially a lower rate of LDKT (1.7 vs. 10.4 /100 
patient-years, p < 0.0001). This can be in part address by the 
increase in LDKT.

Amongst candidates with an EPTS > 90%, there was a 
significantly longer median waiting time to kidney transplan-
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very high EPTS were more likely to die or be removed from 
the waiting list, highlighting the need for earlier transplan-
tation in this group. Additional considerations are needed 
to reduce the waiting time for transplantation emphasize on 
increasing LDKT among very high EPTS candidates who were 
qualified for a transplant at the time of listing.
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