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Abstract  

Kidney transplant is considered the most beneficial treatment option for end-stage 

renal disease (ESRD), yet most ESRD patients in the United States do not receive a 

transplant. The demand for deceased donor kidneys far exceeds supply, therefore 

improving allocation of this scarce resource is critical. In 2014, a new Kidney Allocation 

System (KAS) was implemented to improve equity and outcomes of deceased donor 

kidney transplant (DDKT) in the US. The KAS sought to address specific issues with 

kidney allocation such as donor kidneys that fail early and thus require eventual re-

transplantation, and excessive wait times for patients with late referral for transplant, 

difficult-to-match blood type, or highly sensitized patients.  

Several studies have described the initial changes in DDKT observed under the 

KAS. In the first year under the KAS, many patient subgroups experienced sharp 

increases in the probability of DDKT followed by subsequent years of less extreme 

differences. This thesis evaluates clinical and economic outcomes of two patient 

subgroups targeted by the KAS and describes new findings that are relevant to patients, 

clinicians, and policy makers. First, we find important differences in DDKT allocation by 

patient subgroup under the KAS. Next, we identify changes in return to work after 

transplant under the KAS among younger and sicker patients who were targeted by the 

policy. Finally, we provide a dynamic modeling structure for assessing long-term net 

benefits of the KAS that can be extended to other organ allocation policies.     
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Chapter 1  

1.1 Introduction  

Approximately 750,000 patients are currently receiving treatment for end stage 

renal disease (ESRD) in the United States (US)1. ESRD indicates a complete loss of 

kidney function and patients require time-intensive dialysis treatment or a kidney 

transplant to stay alive. Dialysis treatment has a negative impact on patient social, 

financial, and psychological well-being1-3. Many dialysis patients suffer from depression 

and do not have enough energy to maintain social relationships, family duties, or 

professional responsibilities. Over half of all current ESRD patients in the United States 

(US) are working age, yet employment among incident ESRD patients aged 18-64 ranged 

from only 16% to 35% in 20172. Unemployment is more likely among ESRD patients 

with long dialysis duration and is associated with a reduction in health-related quality of 

life (HRQoL)3–5. In addition to a negative effect on HRQoL, unemployment among 

ESRD patients has a negative economic impact on society. Klarenbach et al. (2002) 

estimated $665 million in annual lost productivity associated with kidney disease6.   

Kidney transplant is considered the most beneficial treatment option for ESRD. 

Life expectancy and HRQoL are both greater among transplanted patients than dialysis 

patients2,7–10. The ability to return to work is often cited as a benefit of transplant; 

however, evidence of return to work after kidney transplant is mixed. Estimates of post-

transplant employment in the US range from less than 10% to around 50% depending on 

the patient subgroup and study method8,11–14. Although transplant is the most beneficial 
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treatment option for ESRD, most ESRD patients do not receive a kidney transplant. 

While some ESRD patients may have access to a living donor, most kidney transplants in 

the US come from deceased donors and the demand for deceased donor organs far 

exceeds supply. In 2015, there were 99,120 patients on the kidney transplant waitlist but 

only 17,611 deceased donor kidney transplants (DDKTs)10
.  

Access to DDKT transplant is widely variable across the US for several reasons 

including organ supply, patient factors, varying provider practice, and allocation15–17. The 

2016 Organ Procurement and Transplantation Network (OPTN)/Scientific Registry of 

Transplant Recipients (SRTR) kidney transplant report described the geographic disparity 

in 5-year probability of transplant ranging from 9.1% to 84.3% across donation service 

area (DSA)18. Waitlist mortality rate ranged from zero to over 12 deaths per 100 patient-

years by DSA18. Notably, the total number of deceased donor kidneys has increased 

consistently since 201618,19. This increase is largely driven by death from anoxia among 

people aged 18-34 and is considered an outcome of the opioid crisis19,20.  

Organ donation and allocation in the United States is facilitated by the Organ 

Procurement and Transplantation Network (OPTN). In 2000, the United States (US) 

Department of Health and Human Services issued formal governance over the OPTN 

with the Final Rule that described several requirements of organ allocation policies, 

including: “allocation policies shall be based on sound medical judgment; shall seek to 

achieve the best use of donated organs; and shall be designed to avoid wasting organs, to 

avoid futile transplants, to promote patient for access to transplantation”21. Four years 

later, development of the Kidney Allocation System (KAS) was undertaken to improve 
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equity and outcomes related to deceased donor kidney transplant (DDKT). The KAS 

sought to address specific issues with kidney allocation such as excessive wait times for 

patients with late referral for transplant, difficult-to-match patients, and donor kidneys 

that fail early and thus require eventual re-transplantation. Prior to the KAS, the primary 

factor in determining kidney allocation was time on the waitlist. Kidneys were allocated 

to the patient who had waited the longest and was a biological match to the offered 

kidney. The KAS sought to address specific issues with kidney allocation such as donor 

kidneys that fail early and thus require eventual re-transplantation, and excessive wait 

times for patients with late referral for transplant, difficult-to-match blood type, or highly 

sensitized patients.  

Two key changes in the KAS include a scoring algorithm used to match the 

expected longevity of deceased donor organs with expected life years of recipients and a 

waitlist time credit for patients who enter the waitlist after starting dialysis treatment 

(post-dialysis). These changes aimed to maximize the benefit of donor organs by 

matching the highest quality organs to the healthiest recipients, and to provide more 

equitable and timely access to organs for disadvantaged patients who experience late 

referral to the waitlist.  

In Chapter 2, we assess the impact of the longevity matching criteria of the KAS. 

This analysis compares pre- and post-transplant outcomes among patients aged 50 years 

and younger versus patients aged older than 50 years. We use a difference-in-differences 

model to compare outcomes between patients in the two age groups. By comparing 

outcomes between age groups over the pre- and post-KAS time periods and adjusting for 
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patient characteristics, we attempt to isolate the age effect of the KAS on patients who 

were targeted by the longevity matching aspect of the policy. This analysis adds to the 

existing KAS evaluation literature with this population-level comparison of waitlist- and 

transplant-related outcomes in the 50 and >50 population.   

In Chapter 3, we assess the impact of the waitlist time credit criteria of the KAS. 

In this analysis, we compare pre- and post-KAS changes in outcomes between post-

dialysis patients and patients who enter the transplant waitlist before starting dialysis 

treatment. We apply the same methods described in Chapter 2 to isolate the waitlist time 

credit effect of the KAS on post-dialysis candidates who were targeted by the policy. 

In Chapter 4, we compare employment after transplant among patients targeted by 

the KAS. Although the KAS has no direct employment-related component, prioritizing 

transplants to younger patients may increase the probability of employment after DDKT 

while prioritizing transplants to post-dialysis patients who have long dialysis exposure 

times may decrease the probability of employment following DDKT. This is the first 

study to investigate a change in employment outcomes related to the KAS. Furthermore, 

this analysis compares outcomes estimated with a sample selection approach and a 

standard bivariate probit model approach, and provides evidence supporting the use of 

sample selection models for unbiased estimates of employment after transplant.  

In Chapter 5, we model the long-term outcomes associated with the change in 

DDKT allocation under the KAS with a de novo multi-cohort population model. We 

sought to develop a model that estimates the net gains and losses associated with the 

KAS by comparing observed outcomes under the KAS to counterfactual outcomes 
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modelled under pre-KAS assumptions. In this analysis, we model the observed change in 

KAS policy effects reported in the literature and estimate the net benefit and loss of 

DDKTs and life years associated with the KAS. This is the first multi-cohort population 

model used to assess the KAS; the model structure allows new patients to enter the model 

over time to reflect the dynamic nature of the kidney transplant waitlist. 

This thesis provides a comprehensive analysis of the KAS and describes new 

findings that are relevant to patients, clinicians, and policy makers. First, we find 

important differences in DDKT allocation by patient subgroup (age groups and dialysis 

status) under the KAS. Second, we identify changes in return to work after transplant 

under the KAS among younger and sicker patients who were targeted by the policy. 

Finally, we provide a modeling structure that represents the dynamic nature of the kidney 

transplant waitlist for assessing long-term net benefits of the KAS and can be extended to 

other organ allocation policies.    
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Chapter 2  

2.1 Introduction 

Kidney transplant is considered the most beneficial treatment option for end-stage 

renal disease (ESRD), yet most ESRD patients in the United States (US) do not receive a 

transplant15. The demand for deceased donor kidneys far exceeds supply, therefore 

improving allocation of this scarce resource is critical. In 2014, a new Kidney Allocation 

System (KAS) was implemented to improve equity and outcomes of deceased donor 

kidney transplant (DDKT) in the US. The KAS sought to address specific issues with 

kidney allocation such as donor kidneys that fail early and thus require eventual re-

transplantation, and excessive wait times for patients with late referral for transplant, 

difficult-to-match blood type, or highly sensitized candidates indicated by high levels of 

calculated panel-reactive antibodies (cPRA).  

Access to DDKT transplant is widely variable across the US for several reasons 

including organ supply, patient factors, varying provider practice, and allocation15–17. As 

of 2012, only four states met the Healthy People 2020 goal of 20.1% of ESRD patients 

receiving a kidney transplant within three years of disease onset22. Most states had a 

three-year transplant rate less than 15%2. The 2016 Organ Procurement and 

Transplantation Network (OPTN)/Scientific Registry of Transplant Recipients (SRTR) 

kidney transplant report described the geographic disparity in 5-year probability of 

transplant ranging from 9.1% to 84.3% across donation service area (DSA)18. Waitlist 

mortality rate ranged from zero to over 12 deaths per 100 patient-years by DSA18. 

Notably, the total number of deceased donor kidneys has increased consistently since 
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201618,19. This increase is largely driven by death from anoxia among people aged 18-34 

and is considered an outcome of the opioid crisis19,20.  

The KAS targets kidney allocation, an important but not singular factor in access 

to DDKT. Prior to the KAS, the primary factor in determining kidney allocation was time 

on the kidney transplant waitlist. Kidneys were allocated at a local level to the patient 

who had waited the longest and was a biological match to the offered kidney. This 

practice did not promote the best post-transplant outcomes or equity in organ allocation. 

A key part of the KAS is a scoring system for candidates and donor kidneys that matches 

longest candidate life expectancy with longest expected graft survival, aiming to improve 

outcomes by prioritizing the best kidneys to the healthiest candidates. The scoring 

algorithm includes candidate age as a key input, where younger candidates have longer 

life expectancy than older candidates. Other key changes in the KAS were designed to 

improve equity in access to DDKT among historically disadvantaged patient groups and 

will be analyzed in a subsequent paper.    

Overall, the KAS succeeded in matching donor kidneys with the longest expected 

longevity to younger recipients in the post-KAS era23,24. Our study compares pre- and 

post-transplant outcomes among patients specifically impacted by the longevity matching 

scores, patients aged 50 years and younger (50) versus patients aged 51 and older (>50). 

Both age groups are subject to the same longevity scoring criteria that include age, 

additional patient risk factors, and waiting time. By comparing outcomes between age 

groups over the pre- and post-KAS time periods and adjusting for patient characteristics, 

we attempt to isolate the age effect of the KAS on candidates who were targeted by the 
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policy (aged 50 years). We add to the existing KAS evaluation literature with this 

population-level comparison of waitlist- and transplant-related outcomes in the 50 and 

>50 population. Additionally, our study is the first to compare the mortality benefit of 

transplant compared to remaining on the waitlist in the pre-KAS era compared to the 

post-KAS era for the 50 and >50 population.  

 

2.2 Methods 

2.2.1 Data Source 

We used patient-level SRTR data for this analysis. The SRTR database is sourced 

by the OPTN and describes the US population of all patients listed for a transplant, all 

patients who receive a deceased- or living-donor transplant, and all deceased and living 

donors since 198725. SRTR data are used to create annual US transplant reports and are 

considered a valuable and robust source for transplant outcomes research26,27. This study 

was determined exempt from review by the University of Minnesota Institutional Review 

Board.  

2.2.2 Study Population 

We included adult (18 years) incident and prevalent patients on the kidney-only 

transplant waitlist between December 4, 2011 and December 3, 2017. We excluded 

patients simultaneously listed for any other organ during the study period. Patients who 

were listed at multiple centers were summarized into a single record. To isolate the age 
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effect of the KAS, we excluded highly sensitized candidates (candidates with cPRA  

98%) who have access to a national pool of kidneys under the KAS.  

We separated the post-KAS era into four distinct periods (0-6 months, 6-12 

months, 12-24 months, 24-36 months) to isolate the immediate post-KAS effect noted by 

several studies and assess trends in outcomes in the post-KAS era19,28,29. Analyses that 

included time-varying exposure to the KAS considered all patient time on or after 

December 4, 2014 as exposed to the KAS. We used the interaction between age group 

(50 or >50) and post-KAS as our policy effect, where patients 50 in the post-KAS 

period were considered targeted by the policy.    

This study compared outcomes from two different waitlist time points, before or 

at time of entry on to the waitlist and after entry on to the waitlist. Figure 2:1 depicts the 

analyses associated with candidate groups and waitlist time points. First, we compared 

the probability of entry on to the waitlist preemptively, before starting dialysis treatment, 

between age groups and KAS eras. Among patients who enter the waitlist after starting 

dialysis treatment, we compared the time from the start of dialysis to entry on the waitlist 

between age groups and KAS eras. Second, we compared the probability of DDKT, 

probability of mortality on the waitlist, and the benefit of transplant compared to 

remaining on the waitlist between age groups and KAS eras among all candidates on the 

transplant waitlist. 
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2.2.3 Outcome Measures 

Relative Risk Estimates 

To determine if younger candidates were more likely to receive a DDKT and less 

likely to die on the waitlist in the post-KAS era we estimated the covariate-adjusted 

relative risk of DDKT and mortality on the waitlist or removal due to deteriorating health 

(hereinafter “mortality on the waitlist”) in the pre- versus post-KAS era within each age 

group (e.g. relative risk of DDKT in the post-KAS era versus the pre-KAS era among 

candidates aged 50 years). We used logistic regression models and adjusted for a DSA-

level supply indicator and patient-level characteristics including sex, race, ethnicity, years 

on dialysis, previous transplant, and diabetes. DSAs with an average transplant rate 

below the 50th percentile between 2011 and 2014 were designated as low supply; DSAs 

with an average transplant rate at or above the 50th percentile between 2011 and 2014 

were designated as high supply (Appendix 1). Transplant candidates may experience 

inactive status while on the waitlist for several reasons including infection, incomplete 

transplant work-up, or poor health; candidates accrue waitlist time while inactive but are 

not eligible for transplant. Estimates of relative risk of DDKT and mortality on the 

waitlist were based on active waitlist time so that effect estimates included only patient 

time where the outcome of interest could be observed. 

Difference-in-differences Estimates 

We used difference-in-differences (DD) estimates to compare preemptive listing, 

the average time from start of dialysis treatment to entry on the waitlist, probability of 

DDKT, and probability of mortality on the waitlist from the pre- to post-KAS era 
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between age groups. DD models provide a measure of change between a study groups 

over time. By comparing the outcomes between candidates aged 50 and candidates aged 

>50 over the pre- and post-KAS time periods, we estimate the effect of the KAS on 

candidates who were targeted by the policy (aged 50 years). Unlike most non-linear 

models, the coefficient for an interaction term (the effect of interest in this analysis) in a 

non-linear DD model is directly interpretable30,31. 

There are several assumptions behind a DD model; we followed the checklist 

recommended by Ryan, Burgess, and Dimick (2015) to test assumptions of our DD 

models. One key assumption is parallel trends in outcomes between the study groups 

before the intervention occurred. Visual and statistical tests of the pre-KAS trends in 

DDKT and mortality on the waitlist indicate the assumption of parallel trends was met. 

Figure 2:2 depicts the visual test for similar pre-KAS trends in unadjusted rates of DDKT 

and mortality on the waitlist between age groups by year. Further tests indicated the other 

testable assumptions of the DD model were reasonably met; complete results from the 

DD model assumption tests are described in Appendix 2. 

A negative binomial regression model was used to estimate the DD of the average 

time from start of dialysis treatment to entry on the waitlist from pre- to post-KAS eras 

between age groups; all other DD measures were estimated with logistic regression 

models. All DD models included a binary indicator of DSA-level supply and the same 

patient-level characteristics included in the relative risk estimates.  
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Time to Event Estimates 

We estimated the cumulative incidence of DDKT and mortality on the waitlist 

with Fine and Gray subdistribution hazard models for competing risks32. Cumulative 

incidence measures included both active and inactive time on the waitlist to provide an 

intention-to-treat estimate. Candidates entered the analysis at the time of entry on to the 

waitlist and were censored at the time of event or censoring date, regardless of active or 

inactive status. We included age group as a time-varying covariate in the cumulative 

incidence models that turned on when a candidate entered the waitlist at age 50, then 

turned off when a patient passed her estimated 51st birthday. The time to DDKT model 

included death and removal from the waitlist due to deteriorating health as competing 

risks for transplant. Conversely, DDKT was a competing risk for mortality on the 

waitlist. Patients were censored at time of living donor transplant (DDKT model only), 

end of the study period, or removal from the waitlist for any other reason. Time to event 

models included covariates for supply, sex, race, ethnicity, years on dialysis at the time of 

listing, and prior transplant. 

We compared the three-year survival benefit of transplant compared to remaining 

on the waitlist by KAS era among first-time DDKT candidates with a Cox proportional 

hazard regression model. Candidates were followed from entry on to the waitlist until the 

earliest occurrence of death or removal from the waitlist due to deteriorating condition, or 

end of the study period. We ran separate models for each age group and included age at 

listing, supply, sex, race, ethnicity, education, diabetes, peripheral vascular disease, and a 
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time-varying indicator for DDKT as covariates. Candidates who received a living donor 

transplant during the study period were excluded from this analysis.  

2.2.4 Statistical Analysis 

We tested equivalency of candidate baseline characteristics between KAS eras 

with standardized differences. Standardized difference scores provide a measure of the 

magnitude of difference between values and are not influenced by large sample size33,34. 

We used a standardized difference value equal to or greater than 0.2 to indicate a 

difference between groups33,35. Results from regression model statistical tests were 

considered significant at a p-value at or below 0.05. All analyses were performed with 

SAS 9.4.    

 

2.3 Results 

2.3.1 Patient Characteristics 

Our study population included a total of 222,731 incident and prevalent 

candidates on the kidney transplant waitlist between December 5, 2011 and December 3, 

2017. Among these, 77,038 were incident to the waitlist in the post-KAS era. Of the 

145,693 candidates on the waitlist during the pre-KAS era, 74,307 (51%) accrued both 

pre- and post-KAS time. Standardized difference scores indicated pre-KAS era 

candidates were similar to post-KAS era candidates across all measured characteristics 

(Table 2:1).  
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2.3.2 Waitlist Entry 

Preemptive entry on to the waitlist was significantly more likely in the post-KAS 

era than the pre-KAS era among candidates aged 50 years (19.1% pre vs. 23.0% post, p 

< 0.001) and among candidates aged >50 years (22.1% pre vs. 26.4% post, p < 0.001) 

after adjusting for supply and patient characteristics. The DD estimate of the change in 

predicted margins of preemptive listing was not significantly different between age 

groups (-0.4%, p = 0.302). Other significant predictors of preemptive listing included 

supply, sex, race, ethnicity, and education (Table 2:2).  

2.3.3 Dialysis Exposure 

Among candidates that entered the waitlist after starting dialysis treatment, 

dialysis exposure was significantly longer in the post-KAS era than the pre-KAS era 

among candidates aged 50 years (2.5 years post vs. 2.3 years pre, p < 0.001) and among 

candidates aged >50 years (2.0 years post vs. 1.8 years pre, p < 0.001). The DD estimate 

of the change in predicted margins of time on dialysis from the pre- to post-KAS era 

between age groups was not significant (0.06 years, p=0.531). Other predictors that were 

significantly associated with longer dialysis exposure before entry on the waitlist 

included supply, sex, race, ethnicity, and education (Table 2:3). 

2.3.4 Deceased Donor Kidney Transplant 

Results from the estimates of relative risk of receiving DDKT between the pre- 

and post-KAS eras were mixed among age groups (Table 2:4). Candidates aged 50 

years were less likely to receive a DDKT in the first year post-KAS compared to the pre-

KAS era (RR: 0.690.730.77 months 0-6; 0.820.870.91 months 6-12), but more likely to receive 
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a DDKT in the second and third year post-KAS compared to the pre-KAS era (RR: 

1.031.071.12 year 2; 1.221.271.32 year 3), after adjusting for supply and patient-level 

characteristics. Candidates aged >50 years were less likely to receive a DDKT in the first 

two years post-KAS compared to the pre-KAS era (RR: 0.530.550.58 months 0-6 months; 

0.660.690.72 months 6-12; 0.850.880.91 year 2) and more likely to receive a DDKT in the third 

year post-KAS compared to the pre-KAS era (RR: 1.051.091.12) after adjusting for supply 

and patient characteristics. Full model results are shown in Appendix 3.  

The DD estimate of the change in predicted margins of DDKT in each post-KAS 

period compared to the pre-KAS era indicated that candidates aged 50 years had a 

significantly greater increase in average probability of transplant from the pre- to post-

KAS era than candidates aged >50 years (Table 2:5). 

Figure 2:3 depicts the three-year cumulative incidence of DDKT by age group 

and KAS era, accounting for the competing risk of death. Probability of DDKT in the 

pre-KAS era was similar between age groups. Candidates aged 50 in the post-KAS era 

have the highest cumulative incidence of DDKT, candidates aged >50 in the post-KAS 

era have the lowest cumulative incidence of DDKT.  

2.3.5 Mortality on the Waitlist  

There was no significant difference in the relative risk of mortality on the waitlist 

from the pre- to post-KAS era among candidates aged 50 years. Candidates aged >50 

had an increased likelihood of mortality on the waitlist in the second year post-KAS 

compared to the pre-KAS era (RR: 1.11 95% CI 1.05-1.18) but no significant difference 
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in mortality on the waitlist between the first or third years post-KAS and the pre-KAS era 

(Table 2:6). Full model results are shown in Appendix 4.  

Results from the DD estimate of mortality on the waitlist (Table 2:5) indicated 

there was no significant difference in the change in average probability of mortality on 

the waitlist from the pre-KAS era to the first or third years post-KAS between candidates 

aged 50 compared to candidates aged >50 years. However, in the second year under 

KAS, candidates on the waitlist aged 50 had a significantly smaller pre- to post-KAS 

increase in mortality than candidates aged >50 (-0.55%, 95% CI -0.87% - -0.23%). 

2.3.6 Survival Benefit of Deceased Donor Kidney Transplant  

This is the first study to compare the survival benefit of DDKT compared to 

remaining on the waitlist by KAS era and age group. The survival benefit of DDKT 

compared to remaining on the waitlist was significantly greater in the post-KAS era 

compared to the pre-KAS era in both age groups, after adjusting for supply and patient 

characteristics. Candidates aged 50 who received a DDKT within three years after entry 

on to the waitlist were 48% (95% CI 0.33-0.60) and 77% (95% CI 0.70-0.82) more likely 

to survive than candidates who remained on the waitlist in the pre- and post-KAS eras, 

respectively. Similarly, candidates aged>50 who received a DDKT within three years of 

entry on to the waitlist were 46% (95% CI 0.33-0.60) and 71% (95% CI 0.70-0.82) more 

likely to survive than candidates who remained on the waitlist in the pre- and post-KAS 

eras, respectively. Full model results are shown in Appendix 5.  
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2.4 Discussion 

A major goal of the KAS was to improve DDKT outcomes by matching candidate 

life expectancy with the expected longevity of a deceased donor kidney. We compared 

several waitlist candidate and DDKT recipient outcomes between KAS eras by 50 and 

>50 age categories. We adjusted for geographic variance in organ supply and candidate 

characteristics in an effort to isolate the age-related effect of the KAS and add to the 

existing literature exploring effects of the KAS in younger age groups.  

Several of our results confirm findings of previous studies analyzing early effects 

of the KAS. We found differences in preemptive entry on to the transplant waitlist in the 

post-KAS era consistent with Harhay et al. (2018) who identified significant differences 

in the probability of preemptive listing and dialysis exposure between racial groups in 

pre- and post-KAS eras36. Our findings suggest that differences in how and when patient 

subgroups are referred to the transplant waitlist persist under the KAS, even after 

adjusting for patient characteristics and variation in organ supply. Similarly, our results of 

increased DDKT among candidates aged 50 in more recent post-KAS years are 

consistent with several other studies that confirmed the anticipated KAS effect of 

increased DDKT for younger candidates in earlier time periods 19,23,24,28,37,38.  

One way to assess improvement in deceased donor kidney allocation is by 

comparing the survival benefit of transplant compared to remaining on the waitlist 

between KAS eras. Our study is the first to assess the survival benefit of DDKT 

compared to remaining on the waitlist. We found that the survival benefit of DDKT 

increased in the post-KAS era across both age groups. A greater benefit from transplant is 
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expected among younger candidates who are more likely to receive the best kidneys but 

results from this study suggest that the KAS scoring system may also allocate kidneys to 

the healthiest older candidates, leaving sicker candidates of all ages on the waitlist.    

Results from this study suggest that the KAS is making progress toward the goal 

of improved outcomes of in DDKT allocation in many ways. But there is still room for 

improvement. Younger patients are receiving the highest quality kidneys in the post-KAS 

era, as the policy intended, but most of the candidates on the DDKT waitlist are older 

than 50 years. Nearly twenty percent of kidneys recovered for transplant were discarded 

in 2017, disproportionately from donors aged 65 or older with KDPI scores higher than 

20%19. There are several clinical reasons why a recovered organ may be deemed 

unsuitable for transplant, but studies suggest transplant center risk aversion and 

inefficiency in allocation contribute to a portion of the discard rate observed in the 

US24,39. Older and sicker candidates on the waitlist may uniquely benefit from efforts to 

balance the benefit of transplant with lower quality but acceptable kidneys with transplant 

center performance metrics that incent appropriate transplant with lower quality kidneys.   

Our study has several limitations. Our analysis is limited to patients who enter on 

to the transplant waitlist and thus is not generalizable to all ESRD patients. Any changes 

in ESRD treatment or patient characteristics during the study period may be 

misinterpreted as KAS effects; however, we are not aware of any major changes in the 

ESRD patient population or clinical practice during the study period. Additionally, we are 

not able to control for unobserved patient characteristics including social support and 

motivation that may be associated with both entry on to the transplant waitlist and 
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outcomes. Our analysis is limited to a short post-KAS time window, prohibiting a longer-

term assessment of the KAS. Finally, we do not have information on center-level practice 

variation over time. It is possible that center-level changes in listing practice, waitlist 

management, or DDKT during the study period are misinterpreted as KAS effects in this 

analysis.  

The KAS committee spent ten years designing a policy aimed to improve 

outcomes and equity in DDKT allocation. Although more time is needed to fully 

understand the implications of the KAS, the policy has done what it set out to do in at 

least some ways. Our study identified important differences in DDKT allocation among 

50 and >50 age groups between the pre- to post-KAS eras, and an improvement in the 

benefit of transplant for all DDKT recipients in the post-KAS era. But organ allocation is 

only one part of improving care and access to kidney transplant for ESRD patients. 

Improvements in allocation only benefit patients who make it on to the waitlist and will 

always be limited by organ supply. A focus on increased availability and access to 

transplant are necessary next steps toward improvement in care for patients living with 

ESRD.  
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2.5 Tables 

Table 2:1  Waitlist candidate characteristics in the pre- and post-KAS eras 

 

 

  

 

Waitlist candidate characteristics Pre-KAS era Post-KAS era Standardized 

Difference 

N 145,693 151,345  

Age at listing, mean (SD) 51.7 (13.0) 51.9 (12.9) 0.021 

   £50 years 57,508 (39.5%) 58,675 (38.8%) 0.015 

Female, n (%) 55,168 (37.9%) 56,211 (37.1%) 0.015 

Race, n (%)    

   White 86,532 (59.4%) 89,255 (59.0%) 0.009 

   Black 45,577 (31.3%) 46,837 (31.0%) 0.007 

   Asian 10,657 (7.3%) 11,938 (7.9%) 0.022 

   Other 2,927 (2.0%) 3,315 (2.2%) 0.013 

Latino, n (%) 27,129 (18.6%) 29,702 (19.6%) 0.026 

Previous kidney transplant, n (%) 12,993 (8.9%) 12,266 (8.1%) 0.029 

Diabetes, n (%) 51,698 (35.5%) 55,174 (36.5%) 0.020 

EPTS £ 20%, n (%)  61,508 (45.2%) 61,815 (40.8%) 0.028 

Years on dialysis at entry to the 

waitlist, mean (SD) 

1.19 (1.9) 1.17 (1.9) 0.013 

EPTS, estimated post-transplant survival; KAS, Kidney Allocation System 
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Table 2:2  Association between candidate subgroup and preemptive listing 

 
 

  

 

Candidate subgroup Log-

odds 

95% CI p-value 

Age <=50 -0.185 -0.226--0.144 <.0001 

Post-KAS 0.237 0.18-0.293 <.0001 

Age*Post-KAS -0.001 -0.048-0.045 0.95 

Supply 0.099 0.006-0.193 0.04 

Female 0.339 0.314-0.364 <.0001 

Race 
   

  White Reference 

  Black -1.014 -1.065--0.963 <.0001 

  Asian -0.461 -0.526--0.396 <.0001 

  Other -0.931 -1.083--0.778 <.0001 

Latino -0.717 -0.765--0.669 <.0001 

Education 
   

  Grade School Reference 

  High School 0.502 0.433-0.571 <.0001 

  Some college 0.744 0.672-0.816 <.0001 

  College/Graduate degree 0.744 0.672-0.816 <.0001 

  Unknown 0.739 0.633-0.844 <.0001 

KAS, Kidney Allocation System 
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Table 2:3  Association between time from start of dialysis to listing and candidate 

subgroup 

 
  

 

Candidate subgroup Log-days 95% CI p-value 

Intercept 6.448 6.403-6.492 <.0001 

Age <=50 0.216 0.192-0.24 <.0001 

Post-KAS 0.055 0.034-0.076 <.0001 

Age*Post-KAS 0.011 -0.018-0.041 0.4431 

Supply -0.11 -0.157--0.063 <.0001 

Female 0.033 0.017-0.049 <.0001 

Race 
   

  White Reference 

  Black 0.378 0.36-0.396 <.0001 

  Asian -0.007 -0.048-0.035 0.7603 

  Other 0.277 0.228-0.326 <.0001 

Latino 0.128 0.099-0.157 <.0001 

Education 
   

  Grade School Reference 

  High School -0.161 -0.184--0.138 <.0001 

  Some college -0.261 -0.291--0.231 <.0001 

  College/Graduate degree -0.351 -0.377--0.324 <.0001 

  Unknown -0.2 -0.26--0.139 <.0001 

KAS, Kidney Allocation System 
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Table 2:4  Relative risk of deceased donor kidney transplant in the post-KAS era vs. pre-

KAS era, by age group 

 
  

 

Age  Post-KAS periods  
0-6 months 6-12 months 12-24 months 24-36 months 

<=50 0.73 (0.69-0.77) 0.87 (0.82-0.91) 1.07 (1.03-1.12) 1.27 (1.22-1.32) 

>50 0.55 (0.53-0.58) 0.69 (0.66-0.72) 0.88 (0.85-0.91) 1.09 (1.05-1.12) 

KAS, Kidney Allocation System 
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Table 2:5  Difference-in-differences estimates of the impact of the KAS on outcomes in 

waitlist candidates aged <=50 versus >50 

  

 

    

Percentage Point Change in Outcome from the Pre- to Post-KAS 

Era, Aged <=50 versus >50 (Standard Error) 

 

Outcome 0-6 months 6-12 months 12-24 months 24-36 months 

DDKT   3.55** (0.40) 3.12** (0.42) 3.06** (0.40) 2.45** (0.44) 

Mortality on 

the waitlist -0.004 (0.21) 0.087 (0.21) -0.55** (0.16) -0.097 (0.17) 

DDKT, deceased donor kidney transplant; KAS, Kidney Allocation System. *P < 

0.05; ** P < 0.01. 
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Table 2:6  Relative risk of mortality on the waitlist in the post-KAS vs. pre-KAS era, by 

age group 

 
  

 

 

Age Post-KAS periods  
0-6 months 6-12 months 12-24 months 24-36 months 

<=50 1.06 (0.91-1.22) 1.10 (0.94-1.25) 0.92 (0.81-1.03) 0.99 (0.87-1.11) 

>50 1.03 (0.95-1.11) 1.02 (0.94-1.10) 1.11 (1.05-1.18) 1.02 (0.95-1.09) 

KAS, Kidney Allocation System 
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2.6 Figures 

Figure 2:1  Analysis groups and outcome measures.              

This figure depicts the analysis groups and outcomes included in this study. Outcome 

measures appear in italics.                                                                           
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Figure 2:2  Unadjusted Trends in DDKT and Mortality on the Waitlist by Age Group 

This figure displays the unadjusted rates of DDKT and mortality on the waitlist per 100 

active person-years on the waitlist, by age group. Vertical lines indicate the KAS 

implementation, solid lines indicate patients aged 50 years or younger, dashed lines 

indicate patients older than 50 years. (A) represents the unadjusted rate of DDKT per 

100-person-years between 2011-2017. (B) represents the unadjusted rate of mortality on 

the waitlist per 100 person-years between 2011-2017.                                                 

DDKT, deceased donor kidney transplant; KAS, Kidney Allocation System 
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Figure 2:3  Cumulative Incidence of DDKT by Age Group and KAS Period        

Cumulative incidence of DDKT for 50 and >50 age groups in the pre- and post-KAS 

eras with death as a competing risk for DDKT, and adjusted for supply, sex, race, 

ethnicity, diabetes, highly sensitized status, years on dialysis at entry on to the waitlist, 

previous DDKT, and previous donor. Black lines indicate patients aged 50 years and 

younger, gray lines indicate patients older than 50 years, solid lines indicate the post-

KAS era, dashed lines indicate the pre-KAS era.                                                       

DDKT, deceased donor kidney transplant; KAS, Kidney Allocation System 

 

  

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0 100 200 300 400 500 600 700 800 900 1000

P
ro

b
ab

il
it

y
 o

f 
D

D
K

T

Days since entry on to the waitlist



 29 

Chapter 3  

3.1 Introduction 

Organ donation and allocation in the United States is facilitated by the Organ 

Procurement and Transplantation Network (OPTN). In 2000, the United States (US) 

Department of Health and Human Services issued formal governance over the OPTN 

with the Final Rule that described several requirements of organ allocation policies, 

including: “allocation policies shall be based on sound medical judgment; shall seek to 

achieve the best use of donated organs; and shall be designed to avoid wasting organs, to 

avoid futile transplants, to promote patient for access to transplantation”21. Four years 

later, development of the Kidney Allocation System (KAS) was undertaken to improve 

equity and outcomes related to deceased donor kidney transplant (DDKT). The KAS 

sought to address specific issues with kidney allocation such as excessive wait times for 

patients with late referral for transplant, difficult-to-match patients, and donor kidneys 

that fail early and thus require eventual re-transplantation.  

Delay in referral to the transplant waitlist negatively impacts patient outcomes 

before and after transplant; patient and DDKT outcomes grow increasingly worse as pre-

transplant dialysis exposure increases40. Historically, longer time on dialysis before 

transplant evaluation and listing were more common among racial minority groups and 

low socioeconomic status patients 41,42. African Americans had longer wait times than 

other waitlist candidates because of late referral for transplant and a higher likelihood of 

hard-to-match blood type43. The KAS includes a ‘backdating’ policy that gives waitlist 

time credit to candidates who enter on to the waitlist after starting dialysis (post-dialysis) 
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versus candidates who enter on to the waitlist before starting dialysis (preemptive). Time 

on the waitlist is still a key input for kidney allocation, but under the KAS the waitlist 

time clock starts at the earliest date of either the beginning of dialysis treatment or the 

date of entry on to the waitlist. This modification was developed by the KAS committee 

with the goal of improving equity and reducing time to DDKT for patients who 

experience delayed referral and entry on to the transplant waitlist.  

Another key change in the KAS is a scoring system that matches transplant 

candidate life expectancy with the estimated survival of a donor kidney. Candidates with 

longer dialysis exposure are less likely to be matched to the highest quality kidneys than 

patients with shorter dialysis exposure because of the negative effects of dialysis on 

patient outcomes and survival. Some critics argue that these two key features of the KAS, 

backdating waitlist time and longevity matching, may be at odds36,41. While longevity 

matching prioritizes the highest quality donor kidneys for the healthiest patients with the 

longest life expectancy, the backdating credit for post-dialysis candidates prioritizes 

transplants for patients who are often sicker and have shorter life expectancy as a result 

of dialysis exposure.  

Several evaluations of the KAS have found a decrease in the number of 

candidates on the waitlist with long dialysis durations24,28,36. In the first six months after 

the KAS implementation, DDKT for candidates who were on dialysis more than ten years 

increased by over 100%, followed by a lesser increase in later post-KAS periods24,28. 

However, little is known about how the KAS impacts all candidates who receive the 

backdate credit (not just those with long dialysis durations) or whether the benefit of the 
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backdating credit persists under the most recent post-KAS years. To answer this, we 

measured pre- to post-KAS changes in outcomes between post-dialysis and preemptive 

waitlist candidates to assess the effect of the KAS on candidates who were targeted by 

the backdating element of the policy. This study adds to the existing KAS evaluation 

literature by applying a difference-in-differences approach to compare pre-and post-KAS 

era outcomes by candidate listing type (post-dialysis vs. preemptive). Additionally, this 

study is the first to measure the benefit of DDKT compared to remaining on the waitlist 

by KAS era and listing type. 

 

3.2. Methods 

3.2.1 Data Source 

We used patient-level data from the Scientific Registry of Transplant Recipients 

(SRTR) for this analysis. The SRTR database describes the US population of all patients 

listed for a transplant, all patients who receive a deceased- or living-donor transplant, and 

all deceased and living donors since 198725. SRTR data are used to create annual US 

transplant reports and are considered a valuable and robust source for transplant 

outcomes research26,27. This study was determined exempt from review by the University 

of Minnesota Institutional Review Board.  

3.2.2 Study Population 

The study population included all adult (18 years) incident and prevalent 

patients on the kidney-only transplant waitlist between December 4, 2011 and December 

3, 2018. Patients simultaneously listed for any other organ during the study period were 
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excluded. Patients listed at multiple centers were summarized into a single record for 

analysis. Several studies have shown an immediate and sharp increase in DDKT among 

highly sensitized candidates (candidates with calculated panel-reactive antibodies (cPRA) 

 98%) who have access to a national pool of kidneys under the KAS23,28,29. In order to 

isolate the backdating effects of the KAS, we excluded highly sensitized candidates who 

were approximately 9% of the pre-KAS candidates and 8% of the post-KAS candidates.  

We separated the post-KAS era into two distinct periods (December 4, 2014-

December 3, 2015; and December 4, 2015-December 3, 2018) to isolate the immediate 

post-KAS effect noted by several studies19,28,29. All analyses comparing pre- to post-KAS 

outcomes compared both of the post-KAS periods described above to the same pre-KAS 

period, December 4, 2011 – December 3, 2014. Analyses that included time-varying 

exposure to the KAS considered all patient time on or after December 4, 2014 as exposed 

to the KAS. In this study the interaction between post-dialysis status and post-KAS is the 

policy effect, where post-dialysis patients in the post-KAS period were considered 

targeted by the backdating policy. 

3.2.3 Outcome Measures 

Relative Risk Estimates 

We estimated the relative risk of DDKT in the pre- versus post-KAS eras among 

listing type candidates to identify significant differences in the probability of events 

between KAS eras. We also compared mortality on the waitlist or removal due to 

deteriorating condition (hereinafter “mortality on the waitlist”) in the pre- versus post-

KAS eras by listing type. Relative risk measures were estimated with logistic regression 
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models including covariates for organ supply, age, sex, diabetes, and history of previous 

DDKT. Donation service areas (DSAs) with a transplant rate below the 50th percentile 

between 2009 and 2014 were designated as low supply; DSAs with a transplant rate at or 

above the 50th percentile in the same period were designated as high supply. Transplant 

candidates may experience inactive status while on the waitlist for several reasons 

including infection, incomplete transplant work-up, or poor health; candidates accrue 

waitlist time while inactive but are not eligible for transplant. Measures of relative risk 

were based on active waitlist time so that effect estimates included only patient time on 

the waitlist where the outcome of interest could be observed.  

Time to Event Estimates 

Cumulative incidence of DDKT and mortality on the waitlist in the pre- and post-

KAS eras were estimated with Fine and Gray subdistribution models for competing 

risks32. Mortality on the waitlist was considered a competing risk for DDKT and DDKT 

was considered a competing risk for mortality on the waitlist. The cumulative incidence 

measures provide an intention to treat estimate, including both active and inactive time on 

the waitlist; candidates entered the analysis at the time of entry on to the waitlist and were 

censored at the time of event or censoring date.  

We compared the four-year survival benefit of DDKT compared to remaining on 

the waitlist by KAS era and listing type with a Cox proportional hazard regression model. 

Transplant was included as a time-varying covariate that turned on at the time of 

transplant. Other covariates in the model included supply, age, sex, ethnicity, education, 
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peripheral vascular disease, and diabetes. Candidates who received a living donor 

transplant or who had a history of previous DDKT were excluded from this analysis. 

Difference-in-differences Estimates 

We used difference-in-differences (DD) estimates to measure the KAS effect on 

post-dialysis candidates who were targeted by the policy with the backdating credit. Our 

DD models provide a measure of the difference in the change over time between two 

different groups, candidates who entered the waitlist post-dialysis and candidates who 

entered the list preemptively. By comparing outcomes between these two groups over 

KAS-eras, we estimated the effect of the KAS on candidates who were targeted by the 

backdating element of the policy. All DD models were estimated with logistic regression 

and included a supply indicator and the same patient-level characteristics included in our 

estimates of relative risk.  

One important assumption behind a DD model is parallel trends in outcomes 

between the study groups in the time leading up to the intervention. We compared 

unadjusted pre-KAS trends in outcomes between post-dialysis and preemptive candidate 

groups to validate the assumption of parallel trends. Figure 3:1 shows similar trends in 

unadjusted rates of DDKT and mortality on the waitlist between waitlist entry types by 

year in the pre-KAS era, satisfying the DD assumption of parallel trends. Additional tests 

of the assumptions behind a DD model were reasonably met44. Results from the DD 

model assumption tests are described in Appendix 6.  
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3.2.4 Statistical Analysis 

We tested the equivalency of candidate baseline characteristics between KAS eras with 

standardized differences. Standardized difference scores provide a measure of the 

magnitude of difference between values and are not influenced by large sample size33,34. 

We considered a standardized difference value equal to or greater than 0.2 as indication 

of a difference between groups33,35. Statistical tests applied to regression models were 

considered significant at a p-value equal to or less than 0.05. All analyses were performed 

with SAS 9.4.  

 

3.3 Results 

3.3.1 Patient Characteristics 

Our study population included 263,594 incident and prevalent adult candidates on 

the kidney transplant waitlist between December 3, 2011 and December 4, 2018. A 

comparison of patient demographic and clinical characteristics indicated no difference 

between candidates who entered the waitlist in the pre-KAS era compared to candidates 

who entered the waitlist in the post-KAS era (Table 3:1). Several candidates entered the 

waitlist in the pre-KAS era and remained on the waitlist through the post-KAS era. Of the 

157,390 candidates who were listed in the pre-KAS era, 86,539 (55%) accrued both pre- 

and post-KAS time. 
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3.3.2 Waitlist Entry and Dialysis Exposure 

After adjusting for supply and patient characteristics, the odds of post-dialysis 

entry on to the waitlist were significantly lower in the post-KAS era than the pre-KAS era 

(OR: 0.75, 95% CI 0.71-0.79). The odds of post-dialysis entry on to the waitlist were 

significantly greater among non-white candidates and candidates aged < 50 years 

compared to white and older candidates. Several other predictors were significantly 

associated with post-dialysis entry on to the waitlist including supply, race, Latino 

ethnicity, and education (Table 3:2). Full model results are shown in Appendix 7. 

Although the odds of post-dialysis entry on to the waitlist were lower in the post-

KAS era, post-dialysis candidates had an average of 54 more days of dialysis exposure at 

entry on to the waitlist in the post- versus pre-KAS era, p < 0.001. Other significant 

predictors of dialysis duration at entry on to the waitlist were age, supply, sex, race, and 

education (Table 3:3). Full model results are shown in Appendix 8.  

3.3.3 Deceased Donor Kidney Transplant 

Relative risk estimates of receiving a DDKT were mixed among post-dialysis 

waitlist candidates (Table 3:4). Among post-dialysis candidates, the relative risk of 

receiving a DDKT was significantly lower in the first year under KAS compared to the 

pre-KAS era, RR 0.96 (95% CI 0.93-0.99). However, the relative risk of receiving a 

DDKT was significantly greater in later post-KAS years compared to the pre-KAS era, 

RR 1.53 (95% CI 1.50-1.56). Among preemptively listed candidates, the relative risk of 

receiving a DDKT was significantly lower in both post-KAS periods compared to the 
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pre-KAS era, 0.42 (95% CI 0.40-0.45) and 0.77 (95% CI 0.74-0.80), respectively. Full 

model results are shown in Appendix 9.  

The DD estimate of the change in predicted probability of DDKT between listing 

types indicated that post-dialysis candidates had a significantly greater increase in the 

pre- to post-KAS probability of DDKT than preemptively listed candidates (Table 3:5). 

In the first year under KAS, post-dialysis candidates had an 8.7 percentage-point greater 

increase in the probability of DDKT than preemptively listed candidates (95% CI 8.0-

9.4). In later post-KAS years, post-dialysis candidates had a 13.4 percentage-point greater 

increase in the probability of DDKT compared to preemptively listed candidates (95% CI 

12.6-14.1). 

Figure 3:2 shows the cumulative incidence of DDKT with death as a competing 

risk by listing type and KAS era. The probability of DDKT was similar between listing 

types in the pre-KAS era. In the post-KAS era, probability of DDKT increased among 

post-dialysis candidates and decreased among preemptively listed candidates.  

3.3.4 Mortality on the Waitlist 

There was no significant difference in pre- to post-KAS mortality on the waitlist among 

preemptively listed candidates. Among post-dialysis candidates, the relative risk of 

mortality on the waitlist between KAS eras was mixed (Table 3:6). In the first year under 

KAS, post-dialysis candidates had no significant pre- to post-KAS difference in the 

relative risk of mortality on the waitlist. However, in later years under the KAS, post-

dialysis candidates were significantly more likely to die while on the waitlist compared to 
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the pre-KAS era, RR 1.06 (95% CI 1.01-1.11). Full model results are shown in Appendix 

10. 

Results from the DD estimate of the change in probability of mortality on the 

waitlist by listing type and KAS era were also mixed (Table 3:5). In the first year under 

the KAS, there was no significant difference in the pre- to post-KAS change in 

probability of mortality on the waitlist between listing type group. However, in later 

years under the KAS, post-dialysis candidates had a significantly greater pre- to post-

KAS increase in mortality than preemptive candidates (0.34 95% CI 0.07-0.60). 

3.3.5 Survival Benefit of Deceased Donor Kidney Transplant 

This is the first study to compare the survival benefit of DDKT compared to 

remining on the waitlist by listing type and KAS era. After adjusting for supply and 

patient characteristics, the four-year survival benefit of DDKT compared to remaining on 

the waitlist was significantly greater in the post-KAS era than the pre-KAS era among 

both listing type groups. In the pre-KAS era, four-year survival was 51% more likely 

among post-dialysis candidates who received a DDKT than post-dialysis candidates who 

remained on the waitlist (95% CI 0.47-0.55). In the post-KAS era, four-year survival was 

75% more likely among post-dialysis DDKT recipients than post-dialysis candidates who 

remained on the waitlist (95% CI 0.73-0.77).  Similarly, among preemptively listed 

candidates, four-year survival was 48% (95% CI 0.39-0.56) and 69% (95% CI 0.63-0.75) 

more likely among DDKT recipients than candidates who remained on the waitlist in the 

pre- and post-KAS eras, respectively. Full model results are shown in Appendix 11. 
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3.4 Discussion 

In alignment with the Final Rule, the backdating modification in the KAS was 

designed to improve equity in DDKT via waitlist time credit for patients referred for 

transplant after initiating dialysis treatment. This study sought to assess outcomes in the 

pre- and pos-KAS eras among candidates specifically targeted by the backdating element 

of the KAS policy.  

Results from this study indicate that post-dialysis candidates were significantly 

more likely to receive a DDKT in the most recent post-KAS years compared to the pre-

KAS era. However, post-dialysis candidates had longer dialysis exposure at the time of 

entry in the post-KAS era than in the pre-KAS era. Because time on dialysis is a predictor 

of mortality and a key input to the longevity matching score, candidates with longer 

dialysis exposure times are less likely to be eligible for the highest quality kidneys than 

candidates with less dialysis exposure. Therefore, although the backdate credit may 

improve time to DDKT among post-dialysis candidates there is still room for 

improvement in timing of referral to the transplant waitlist.  

This study adds to the KAS evaluation literature highlighting an improvement in 

access to DDKT for patient subgroups who were disadvantaged in the past. We add to the 

early evaluations of changes under the KAS with this analysis of post-dialysis patients in 

the most recent post-KAS years. To our knowledge, this study is the first to measure the 

benefit of DDKT compared to remaining on the waitlist by listing type and KAS era. We 

observed a significant pre- to post-KAS increase in mortality benefit from DDKT 

compared to remaining on the waitlist among both listing types. Post-dialysis candidates 
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may not have access to the highest quality kidneys under the KAS, but our findings 

indicate they are experiencing an improved survival benefit from transplant compared to 

similar patients in the pre-KAS era. 

There are limitations to this study. Our analysis is limited to patients who enter on 

to the transplant waitlist; it is possible that changes in the ESRD patient population or 

physician and transplant center referral patterns led to changes in the types of patients 

entering the waitlist during the study period and are misinterpreted as KAS effects. 

Additionally, we are not able to control for unobserved patient characteristics including 

social support and patient motivation that may be associated with both entry on to the 

transplant waitlist and outcomes. While we included transplant center-level correlation in 

these analyses, we do not have information on center-level practice variation over time. It 

is possible that center-level changes in listing practice, waitlist management, or DDKT 

during the study period are misinterpreted as KAS effects in this analysis.  

The KAS aligns with pieces of the Final Rule by prioritizing transplants for 

patients who experience longer time on dialysis before transplant evaluation and listing. 

But the current system is not meeting all the goals of the Final Rule. The KAS has 

prioritized transplant for some patient subgroups to promote equitable access to DDKT, 

but such prioritization may conflict with other aspects of the Final Rule including clinical 

judgment and achieving the best use of all donated organs. There is still room for 

improvement in DDKT under the KAS, most notably in measuring the lost opportunity 

associated with organs that are donated and not used. The kidney discard rate (organs 

recovered for transplant but not used) was nearly 20% in 201719. Although there are 
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several clinical reasons why a recovered organ may not get used, studies suggest 

transplant center risk aversion and allocation inefficiencies contribute to the discard 

rate24,28,45. Studies of DDKT from organs classified as high risk or lower projected 

survival indicate real patient benefit from organs that are often declined based on 

imperfect or subjective risk classification46–48. Demand for donor kidneys far exceeds 

supply, thus future policy efforts must combine the Final Rule policy and a common-

sense clinical approach to maximizing a scarce resource.    

 

3.5 Conclusion 

A primary goal of the KAS was to improve equity in DDKT among 

disadvantaged patients. This study identified several improvements in organ allocation 

and associated outcomes among patients who benefit from the backdating mechanism of 

the KAS. But the KAS in its current state will not meet all the goals of the Final Rule or 

maximize the use of all deceased donor kidneys. Future efforts in improving kidney 

allocation should include further aims to reduce the discard rate and to strategies for 

increasing organ availability for all ESRD patients. 
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3.6 Tables 

Table 3:1  Pre- and post-KAS waitlist candidate characteristics 

 

 

  

 
  

Waitlist candidate 

characteristics 

Entered the waitlist 

in pre-KAS era 

Entered the waitlist 

in post-KAS era 

Standardized 

Difference  

N 157,390 106,204 
 

Age at listing, mean (SD) 51.64 (13.03) 52.57 (13.14) 0.070 

Female, N (%) 59,507 (37.8%) 38,743 (36.5%) 0.028 

Race, N (%)       

   White 93,483 (59.4%) 66,156 (62.3%) 0.059 

   Black 49,302 (31.3%) 29,566 (27.8%) 0.076 

   Asian 11,424 (7.3%) 8,104 (7.6%) 0.014 

   Other 3,181 (2.0%) 2,378 (2.2%) 0.015 

Latino, N (%) 29,238 (18.6%) 20,361 (19.2%) 0.015 

Prior kidney transplant, N (%) 14,006 (8.9%) 8,606 (8.1%) 0.029 

Diabetes, N (%) 55,789 (35.5%) 39,088 (36.8%) 0.028 

Estimated post-transplant 

survival score <= 20%, N (%) 

66,542 (42.3%) 41,537 (39.1%) 0.065 

Years on dialysis at listing, 

mean (SD) 

1.25 (1.99) 1.22 (2.04) 0.013 

Standardized Difference = the difference in means or proportions divided by standard 

deviation; values > 0.2 indicate a small effect size 
KAS, Kidney Allocation System 
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Table 3:2  Odds ratios of post-dialysis vs. preemptive entry on to the kidney transplant 

waitlist, by candidate subgroup 

 

 

  

 

Candidate subgroup OR 95% CI p-value 

Age <=50 1.204 1.165-1.244 <.0001 

Post-KAS 0.792 0.757-0.828 <.0001 

Age <=50*Post-KAS           

(<=50, Post vs. >50, Pre) 
0.953 0.904-1.005 0.077 

Supply 0.870 0.795-0.953 0.003 

Female 0.712 0.696-0.728 <.0001 

Race 
   

  White Reference 

  Black 2.735 2.609-2.867 <.0001 

  Asian 1.595 1.506-1.690 <.0001 

  Other 2.463 2.142-2.832 <.0001 

Latino 2.024 1.927-2.126 <.0001 

Education 
   

  Grade School Reference 

  High School 0.606 0.570-0.645 <.0001 

  Some college 0.477 0.446-0.510 <.0001 

  College/Graduate degree 0.320 0.298-0.343 <.0001 

  Unknown 0.476 0.432-0.525 <.0001 

KAS, Kidney Allocation System 
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Table 3:3  Average change in days from onset of dialysis to listing among candidates 

who enter the waitlist post-dialysis 

 

  

 

Candidate subgroup Average 
Days 

95% CI p-value 

Age <=50 161 145-176 <.0001 

Post-KAS 54 40-68 <.0001 

Age*Post-KAS 
(<=50, Post vs. >50, Pre) 

-215 208-224 <.0001 

Supply -118 -151-(-85) <.0001 

Female 27 16-38 <.0001 

Race 
   

  White Reference 

  Black 279 263-296 <.0001 

  Asian 4 -19-27 0.732 

  Other 186 148-224 <.0001 

Latino 95 74-116 <.0001 

Education 
   

  Grade School Reference 

  High School -132 -152-(-111) <.0001 

  Some college -199 -224-(-174) <.0001 

  College/Graduate degree -262 -287-(-239) <.0001 

  Unknown -168 -208-(-127) <.0001 

KAS, Kidney Allocation System 
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Table 3:4  Relative risk of DDKT in the post- vs. pre-KAS era, by listing type 

  

 

  Post-KAS periods 

Relative Risk (95% Confidence Interval) 
  Year 1 Year 2-4  

Post-Dialysis entry 0.96 (0.93-0.99) 1.53 (1.50-1.56) 

Preemptive entry 0.42 (0.40-0.45) 0.77 (0.74-0.80) 

DDKT, deceased donor kidney transplant; KAS, Kidney Allocation System 

 



 46 

Table 3:5  Difference-in-differences estimates of the association of the KAS and 

outcomes by listing type and KAS era 

 

 

  

  

Percentage Point Change in Outcome 

from the Pre- to Post-KAS Era 

(Standard Error)   

Outcome, post-dialysis vs. 

preemptive listing Year 1 Year 2-4   

DDKT 8.70** (0.37) 13.36** (0.38)   

Mortality on the Waitlist 0.21 (0.18) 0.34* (0.13)   

KAS, Kidney Allocation System; DDKT, deceased donor kidney transplant.                  

*P < 0.05; ** P < 0.01.   
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Table 3:6  Relative risk of mortality on the waitlist or removal due to deteriorating 

condition in the post- vs. pre-KAS era, by listing type 

 

 

  

 
 

Post-KAS periods 

Relative Risk (95% Confidence Interval)  
Year 1 Year 2-4 

Post-Dialysis entry 1.03 (0.97-1.10) 1.06 (1.01-1.11) 

Preemptive entry 0.97 (0.85-1.09) 0.95 (0.87-1.04) 

KAS, Kidney Allocation System 
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3.7 Figures 

Figure 3:1  Unadjusted trends in DDKT and mortality on the waitlist by entry type    

This figure displays the unadjusted rates of DDKT and mortality on the waitlist per 100 

active person-years on the waitlist, by waitlist entry type. Vertical lines indicate the KAS 

implementation, solid lines indicate patients who entered the waitlist post-dialysis, 

dashed lines indicate patients who entered the waitlist preemptively. (A) represents the 

unadjusted rate of DDKT per 100 person-years on the waitlist, 2011-2018. (B) represents 

the unadjusted rate of mortality on the waitlist per 100 person-years on the waitlist, 2011-

2018.                                                                                                                            

DDKT, deceased donor kidney transplant; KAS, Kidney Allocation System    
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Figure 3:2 Cumulative incidence of DDKT by waitlist entry type and KAS period     

Cumulative incidence of DDKT for post-dialysis and preemptive groups in the pre- and 

post-KAS eras with death as a competing risk for DDKT, and adjusted for supply, age, 

sex, ethnicity, diabetes, and history of previous DDKT. Black lines indicate post-dialysis 

patients, gray lines indicate preemptive patients, solid lines indicate the post-KAS era, 

dashed lines indicate the pre-KAS era.                                                                        

DDKT, deceased donor kidney transplant; KAS, Kidney Allocation System 
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Chapter 4  

4.1 Introduction  

In 2017, over 500,000 Americans received dialysis treatment for end-stage renal 

disease (ESRD)1. Dialysis is a time consuming therapy and is associated with a negative 

impact on patient social, financial, and psychological well-being10,49,50. Many dialysis 

patients suffer from depression and do not have enough energy to maintain social 

relationships, family duties, or professional responsibilities. Over half of all current 

ESRD patients in the United States (US) are working age, yet employment among 

incident ESRD patients aged 18-64 ranged from only 16% to 35% in 20172. 

Unemployment is more likely among ESRD patients with long dialysis duration and is 

associated with a reduction in health-related quality of life (HRQoL)3–5. In addition to a 

negative effect on HRQoL, unemployment among ESRD patients has a negative 

economic impact on society. Klarenbach et al. (2002) estimated $665 million in annual 

lost productivity associated with kidney disease6. 

Kidney transplant is considered the most beneficial treatment option for ESRD. 

Life expectancy and HRQoL are both greater among transplanted patients than dialysis 

patients2,7–10. The ability to return to work is often cited as a benefit of transplant; 

however, evidence of return to work after kidney transplant is mixed. Estimates of post-

transplant employment in the US range from less than 10% to around 50% depending on 

the patient subgroup and study method8,11–14. Tzvetanov et al. (2014) reported a range of 

post-transplant employment among US kidney transplant recipients between 5.3% and 

47% at one year after transplant depending on insurance status and pre-transplant 
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employment rate14. A survey among patients transplanted at the University of Arizona 

found 30% of respondents were employed at one year after deceased donor kidney 

transplant (DDKT) or later11.  

In 2014, a new Kidney Allocation System (KAS) was implemented to improve 

DDKT allocation43. In the US, organs from deceased donors are distributed based on 

several factors including patient and donor characteristics and geographic boundaries 

described as donor service areas (DSAs). Prior to the KAS, the primary factor in 

determining kidney allocation was time on the waitlist. Kidneys were allocated to the 

patient who had waited the longest and was a biological match to the offered kidney. The 

KAS sought to address specific issues with kidney allocation such as donor kidneys that 

fail early and thus require eventual re-transplantation, long wait times for patients with 

difficult-to-match biological types, and late referral to the transplant waitlist among 

disadvantaged patient subgroups.  

Two major changes included in the KAS are a scoring system to match transplant 

candidate life expectancy with the expected longevity of the donor kidney, and a 

backdating policy that gives waitlist time credit to patients waitlisted after starting 

dialysis treatment (post-dialysis). The goal of the longevity scoring system is to improve 

patient outcomes and reduce re-transplantation by prioritizing the best donor kidneys to 

the healthiest candidates. The goal of the backdating policy is to improve equity in access 

to DDKT among patients who experience delay in referral to the transplant waitlist. 

Historically, longer time on dialysis before referral for transplant evaluation and listing 

was more common among racial minority groups and low socioeconomic status 
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patients41,42. As dialysis exposure time increases, patient outcomes before and after 

transplant grow increasingly worse40.  

Several studies have confirmed the anticipated increase in the probability of 

DDKT among younger patients and post-dialysis patients in the post-KAS era, as 

intended with the longevity-matching and backdating components of the policy23,24,28,36. 

Although the KAS has no direct employment-related component, prioritizing transplants 

to younger patients may increase the probability of employment after DDKT while 

prioritizing transplants to post-dialysis patients who have long dialysis exposure times 

may decrease the probability of employment following DDKT. To our knowledge, no 

study has investigated a change in employment outcomes related to the KAS. This study 

sought to explore the effect of the KAS on employment after DDKT among patient 

subgroups targeted by the policy: younger patients and post-dialysis patients.       

 

4.2 Methods 

4.2.1 Data Source 

We used patient-level data from the Scientific Registry of Transplant Recipients 

(SRTR) for this analysis. The SRTR database describes the US population of all patients 

listed for a transplant, all patients who receive a deceased- or living-donor transplant, and 

all deceased and living donors since 198725. The SRTR data include clinical, 

demographic, and employment characteristics and are used to create annual US transplant 

reports that are considered a valuable and robust source for transplant outcomes 
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research26,27. This study was determined exempt from review by the University of 

Minnesota Institutional Review Board.  

4.2.2 Study Population 

We included all incident and prevalent patients aged 18-64 years on the kidney-

only transplant waitlist between December 4, 2011 and December 3, 2017. Patients who 

received a living donor transplant or simultaneously listed for any other organ during the 

study period were excluded from this analysis. Patients listed at multiple centers were 

summarized into a single record for analysis. Patients with waitlist time spanning both 

KAS periods were divided into two observations. The first record represented pre-KAS 

time on the waitlist with a December 3, 2014 censor date. The second record represented 

post-KAS time on the waitlist with a start date of December 4, 2014 and a censor date at 

time of transplant, death or removal from the waitlist due to deteriorating condition, or 

end of the study period. Patient subgroups targeted by the KAS policy were identified 

with an interaction term combining binary variables representing KAS era, age group 

(18-34, 35-49, 50-64), and pre- or post-dialysis entry on to the waitlist. 

4.2.3 Data Analysis 

Previous studies measuring employment after DDKT compare various patient 

characteristics or subgroups only among the patients who received a DDKT11–14. This 

approach may produce biased results if some of the characteristics that affect which 

patients receive a DDKT also affect employment after DDKT. Sample selection models 

are used in economic and health services research as a method for measuring the effect of 

an intervention where the outcome is only observed in a portion of the population. In this 
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study we only observe employment after DDKT among patients who receive a DDKT, 

thus we applied a sample selection model to measure the outcome of interest. Figure 1 

displays the relationship between the KAS and observed and unobserved characteristics 

associated with the probability of DDKT and employment after DDKT (Figure 4:1).  

We compared the probability of employment after DDKT in the pre- and post-

KAS eras between patient subgroups targeted by the KAS. The KAS policy effect was 

measured with a three-way interaction term combining KAS era, patient age group, and 

post-dialysis status. The interaction term allows estimation of the difference in the 

probability of employment before and after the KAS for patients who belonged to one of 

the targeted groups relative to those who did not, as well as the difference in the 

probability of employment for those belonging to both targeted groups (i.e. patients aged 

18-34 or 35-49 and post-dialysis) relative to those belonging to different subgroups. We 

compared results obtained from a standard approach limited to patients who received a 

DDKT with results obtained from a sample selection approach including both patients 

who did and did not receive a DDKT.  

Under the standard approach, we estimated two independent bivariate probit 

regression models. One model estimated the probability of DDKT among all waitlist 

candidates; the second model estimated the probability of employment after transplant 

among the candidates who received a DDKT. Both models estimating DDKT and 

employment after transplant included patient level indicators for our three-way 

interaction term, time on the waitlist, sex, education, work status at entry on to the 

waitlist, diabetes, race, public insurance, and highly sensitized status. The DDKT model 
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included a variable for organ supply that was not included in the employment model. The 

employment model included variables for state unemployment rate and time on dialysis 

at the time of DDKT.  

Next, we used a sample selection approach with two bivariate probit equations 

measuring the probability of DDKT (selection equation) and probability of employment 

after DDKT (outcome equation). One output of the sample selection model is an estimate 

of the correlation between the outcome equation and selection equation error terms. If the 

correlation coefficient is significantly different than zero, unobservable factors that 

predict receiving a DDKT also predict employment after DDKT. In addition to 

estimating the degree of correlation between model error terms, the sample selection 

approach corrects for the association and provides an unbiased effect estimate. In this 

study, if the results from the sample selection model indicate that the error terms in the 

selection and outcome equations are correlated, the standard approach gives biased 

results of the KAS effect on probability of employment after DDKT. If the results from 

the sample selection model indicate that the two equations are not correlated, results from 

the standard approach regression model estimating employment among candidates who 

receive a DDKT may be interpreted as unbiased estimates of the KAS effect on 

employment after DDKT.  

A requirement of the sample selection model is that the two equations are 

identified with at least one variable in the selection equation that is not included in the 

outcome equation. In this study, the selection model must include a variable that is 

related to the probability of DDKT but is not related to the probability of employment 
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after DDKT. To satisfy this requirement, we included a binary indicator reflecting high or 

low organ supply in the selection equation. We believe organ supply is correlated with 

the probability of DDKT but is unrelated to employment after DDKT.  

The indicator of organ supply was based on the unadjusted median transplants per 

patient year on the waitlist between January 1, 2009 and December 31, 2014, by DSA. 

All DSAs with a transplant rate less than the 50th percentile were considered low supply. 

DSAs with a transplant rate equal to or greater than the 50th percentile were considered 

high supply. We based the supply indicator on pre-KAS data so that designation of high 

and low DDKT supply was not affected by the KAS policy and we assumed the supply 

designation persisted across the pre- and post-KAS eras.  

We measured employment status from DDKT recipient data collected at the time 

of entry on to the waitlist and at the one-year post-transplant follow up visit. Employment 

status is one of several metrics collected by transplant centers at regular intervals 

following transplant on a standardized form developed by the United Network for Organ 

Sharing (UNOS). The follow-up form question, “Working for income:” includes the 

response options “Yes”, “No”, “Unknown”, and “Missing”, where unknown is 

considered the equivalent of missing51.  This study considered the responses “Unknown” 

or “Missing” as not employed. By recoding missing or unknown employment status as 

not employed, our outcome estimates may be underestimated if any of the patients with 

missing or unknown work status are employed.     
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4.2.4 Statistical Analysis 

We used standardized mean differences to test candidate baseline characteristics 

for equivalency between KAS eras. Standardized mean difference values provide a 

measure of the magnitude of difference between values and are not influenced by large 

sample size33,34. We use a standardized mean difference value equal to or greater than 0.2 

to indicate a difference between groups33,35. Statistical tests applied to regression models 

were considered significant at a p-value equal to or less than 0.05. All analyses were 

performed with SAS 9.4 and Stata SE version 15.1.  

Results from the probit regression models are presented as marginal effects which 

provide an estimate of the average change in the probability of DDKT associated with a 

given predictor, after controlling for all other variables in the model. The marginal effect 

of a continuous variable represents the change in probability of DDKT associated with a 

one unit increase in the given predictor. The marginal effect of a binary variable 

represents the change in probability of the specified level compared to the reference level 

(e.g, post-dialysis vs. pre-dialysis, diabetes vs. no diabetes). 

 

4.3 Results 

4.3.1 Sample Characteristics 

The study population included 148,094 unique candidates aged 18-64 on the 

kidney transplant waitlist between December 4, 2011 and December 3, 2017. There were 

106,850 candidates on the waitlist during the pre-KAS period and 106,378 candidates on 

the waitlist during the post-KAS era; over 65,000 candidates accrued waitlist time in both 
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the pre- and post-KAS periods. There were 22,038 DDKTs in the pre-KAS era and 

25,453 DDKTs in the post-KAS era. Table 4:1 shows the clinical and demographic 

characteristics of DDKT candidates and recipients by KAS era. Transplant candidates in 

the pre- and post-KAS eras were similar across all measured characteristics. DDKT 

recipients in the post-KAS era were more likely to be younger, highly sensitized 

(candidates with calculated panel-reactive antibodies (cPRA)  98%) and had more years 

of dialysis exposure at entry on to the waitlist than DDKT recipients in the pre-KAS era.  

4.3.2 Probability of Deceased Donor Kidney Transplant (standard approach) 

Figure 4:2 shows results from the probit regression model estimating the 

probability of DDKT by age group and dialysis status. Post-dialysis candidates in all age 

groups were significantly more likely to receive a DDKT in the post-KAS era than the 

pre-KAS era. The probability of receiving a DDKT increased by 6.9 (95% CI: 5.9-7.9), 

2.9 (95% CI: 2.3-3.5), and 2.2 (95% CI: 1.7-2.8) percentage points among post-dialysis 

candidates aged 18-34, 35-49, and 50-64, respectively. Conversely, the probability of 

receiving a DDKT decreased by 1.8 (95% CI: -0.04-0.001), 6.4 (95% CI: -7.4 - -5.3), and 

7.1 (95% CI: -7.8 - -6.3) percentage points among pre-dialysis candidates aged 18-34, 35-

49, and 50-64, respectively. Highly sensitized candidates had an 18.2 (95% CI: 17.3-

19.1) percentage point increase in the probability of receiving a DDKT in the post-KAS 

era compared to the pre-KAS era. Other significant predictors of receiving a DDKT were 

employment status at entry on to the waitlist, education level, time on the waitlist, Latino 

ethnicity, female, diabetes, and supply (Table 4:2). Full model results are shown in 

Appendix 12.    
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4.3.3 Probability of Employment after Deceased Donor Kidney Transplant 

(standard approach) 

Results from the standard approach estimating employment after DDKT between 

KAS eras are shown in Table 4:3. The average probability of employment one year after 

DDKT ranged from 16.9% to 33.1% among patient subgroups and KAS eras. Post-

dialysis DDKT recipients aged 35-49 were significantly more likely to be employed one-

year post transplant in the post-KAS era compared to the pre-KAS era (26.6% vs. 24.9%, 

P < 0.032). Pre-dialysis DDKT recipients aged 35-49 were significantly less likely to be 

employed one-year post transplant in the post- versus pre-KAS era (24.8% vs. 27.5%, P = 

0.018). Full model results are shown in Appendix 13.  

There were no significant differences in employment after DDKT between any 

other combination of KAS era, age, and dialysis status groups. All levels of education 

higher than a grade school level and employment at time of entry on to the waitlist were 

associated with a significantly greater probability of employment after DDKT. State-level 

unemployment rate at the time of transplant, years on the waitlist, diabetes, Black race, 

sex, and public health insurance were associated with significantly lower probability of 

employment after DDKT. Figure 4:3 shows the average probability of employment one 

year after DDKT by KAS era, age and dialysis status group predicted with the standard 

approach.  
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4.3.4 Probability of Employment after Deceased Donor Kidney Transplant 

(sample selection approach) 

Results from the sample selection model estimating the average probability of 

employment after DDKT by KAS era and patient subgroup are shown in Table 4:4. The 

correlation coefficient estimated by the sample selection model was 0.37 (95% CI 0.27-

0.45), indicating unobservable factors associated with receipt of DDKT are also 

associated with employment after DDKT. Overall, the average probability of 

employment one year after DDKT ranged from 8.7% to 22.4% among patient subgroups 

and KAS eras (Figure 4:4). The probability of employment after DDKT was mixed 

among the patient subgroups targeted by the KAS policy. Post-dialysis DDKT recipients 

aged 18-49 were significantly more likely to be employed one-year post transplant in the 

post-KAS era compared to the pre-KAS era (18-34 years, 22.4% vs. 20.5%, P = 0.02; 35-

49 years, 16.4% vs. 14.9%, P = 0.007). Conversely, pre-dialysis DDKT recipients aged 

35-64 were significantly less likely to be employed one year after transplant in the post-

KAS era compared to the pre-KAS era (35-49 years, 13.8% vs. 17.1%, P = 0.000; 50-64 

years, 8.7% vs. 10.5%, P = 0.001). Several other predictors were significantly associated 

with employment after DDKT. Time on the transplant waitlist, years on dialysis at time 

of DDKT, sex, state unemployment rate, diabetes, public insurance, and Black race were 

negatively associated with employment after DDKT. Education level, employment status 

at entry on to the waitlist, and previous transplant were positively associated with 

employment one year after DDKT. Full model results are shown in Appendix 14. 
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4.4 Discussion 

This study presents first and important findings about employment after DDKT 

under the KAS. To our knowledge, no other study has applied a sample selection 

approach to measure employment after DDKT. Our findings indicate that there is a 

significant correlation between the unobservable factors associated with DDKT and the 

unobservable factors associated with employment after DDKT, thus an analysis of 

employment including only DDKT recipients will result in biased effect estimates. Using 

a sample selection modeling approach, we found a significant increase in employment 

after transplant in the post-KAS era compared to the pre-KAS era among post-dialysis 

DDKT recipients aged 18-49 years and a significant decrease in employment after 

transplant among pre-dialysis DDKT recipients aged 35-64.  

The KAS was designed to improve allocation of deceased donor kidneys with a 

focus on longevity matching and equity in access to transplant among patients who 

experience late referral to the transplant waitlist. Several studies have demonstrated a 

change in allocation of DDKTs under the KAS; we sought to explore the effect of these 

changes on post-transplant employment. Our findings indicate that the KAS is associated 

with an increase in the probability of employment after DDKT among those patients 

impacted by both the longevity matching and backdating elements of the policy, younger 

patients who enter the waitlist post-dialysis. Among pre-dialysis patients who 

experienced a decrease in the probability of DDKT in the post-KAS era, we observed a 

decrease in the probability of employment after DDKT.  
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Findings from this study have important implications for assessing the benefit of 

the KAS from a societal and economic perspective. By shifting DDKTs to younger 

patients who are more likely to return to work after transplant and have more potential 

life and employment years after transplant, the annual productivity loss related to ESRD 

may decrease substantially over time. However, it is unknown if the increase in post-

transplant employment observed in post-dialysis DDKT recipients will outweigh the 

decrease in employment observed in other patient subgroups.  

There are several limitations to this study. First, the employment data collected by 

UNOS does not contain specific details about level of employment or reasons for 

unemployment. We are not able to differentiate full-time and part-time employment or 

voluntary unemployment due to retirement or homemaking, thus the employment rates 

reported may over- or underestimate the true employment rate of DDKT recipients. 

Second, if there are differences in the way employment was captured across transplant 

center, patient subgroups, or KAS eras, our estimates of the KAS effect may be biased. 

Finally, we assumed missing values were equivalent to unemployed status. Assuming all 

missing values are equivalent to unemployed may underestimate the employment rate in 

the pre- and post-KAS eras.  

 

4.5 Conclusion 

This study provides the first assessment of employment after DDKT under the 

KAS. We hypothesized that a shift in DDKT allocation to younger and sicker patients 

may have important implications for employment after transplant. We found an increase 
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in post-transplant employment among post-dialysis DDKT recipients aged 18-49 and a 

decrease in post-transplant employment among pre-dialysis recipients aged 35-64. 

Changes in employment after DDKT among various patient subgroups have important 

implications for assessing long-term patient and societal effects of the KAS and organ 

allocation policy. Future research efforts should attempt to quantify the long-term net 

economic effects of the KAS by comparing treatment benefit, quality of life, and 

employment benefits across different patient subgroups. 
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4.6 Tables 

Table 4:1 Characteristics of DDKT candidates and recipients aged 18-64 in the pre- and post-KAS eras 

 

 

 

Waitlist candidate 

characteristics Pre-KAS Post-KAS

Standardized 

Mean Difference Pre-KAS Post-KAS

Standardized 

Mean 

Difference

N 106,850 106,378 22,038 25,453

Age at listing, mean (SD) 49.1 (11.0) 49.0 (11.0) 0.009 48.3 (11.3) 47.0 (11.7) 0.108

   18-34 (%) 13,142 (12.3%) 13,409 (12.6%) 0.009 3,054 (13.9%) 4,470 (17.6%) 0.102

   35-49 (%) 32,622 (32.4%) 34,638 (32.6%) 0.003 7,397 (33.6%) 8,744 (34.4%) 0.017

   50-64 (%) 59,086 (55.3%) 58,331 (54.8%) 0.009 11,587 (52.6%) 12,239 (48.1%) 0.090

Female, N (%) 42,997 (40.2%) 41,896 (39.4%) 0.017 8,689 (39.4%) 10,233 (40.2%) 0.016

Race, N (%)

   White 56,729 (53.1%) 56,344 (53.0%) 0.003 12,183 (55.3%) 13,227 (52.0%) 0.067

   Black 39,638 (37.1%) 38,896 (36.6%) 0.011 7,766 (35.2%) 9,720 (38.2%) 0.061

   Asian 7,972 (7.5%) 8,494 (8.0%) 0.020 1,653 (7.5%) 1,895 (7.5%) 0.002

   Other 2,511 (2.4%) 2,644 (2.5%) 0.009 436 (2.0%) 611 (2.4%) 0.029

Latino, N (%) 22,208 (20.8%) 23,498 (22.1%) 0.032 3,952 (17.9%) 5,185 (20.4%) 0.062

Education

   Grade school 8,937 (8.4%) 8,759 (8.2%) 0.005 1,669 (7.6%) 2,072 (8.1%) 0.021

   High school 46,591 (43.6%) 45,249 (42.5%) 0.022 9,403 (42.7%) 11,216 (44.1%) 0.028

   Some college 25,701 (24.1%) 26,431 (24.9%) 0.018 5,469 (24.8%) 6,359 (25.0%) 0.004

   College or graduate degree 19,674 (18.4%) 21,601 (20.3%) 0.048 4,574 (20.8%) 5,089 (20.0%) 0.019

   Unknown 5,947 (5.6%) 4,338 (4.1%) 0.069 923 (4.2%) 717 (2.8%) 0.075

DDKT RecipientsTransplant Candidates

continued
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continued

Waitlist candidate 

characteristics Pre-KAS Post-KAS

Standardized 

Mean Difference Pre-KAS Post-KAS

Standardized 

Mean 

Difference

Highly sensitized (cPRA >= 

98%) 4,847 (4.5%) 4,726 (4.4%) 0.005 364 (1.7%) 1,472 (5.8%) 0.220

Diabetes, N (%) 41,176 (38.5%) 41,588 (39.1%) 0.011 6,618 (30.0%) 7,123 (28.0%) 0.045

Public Insurance 57,526 (53.8%) 57,141 (53.7%) 0.002 10,758 (48,8%) 14,722 (57.8%) 0.182

Post-dialysis entry on the 

waitlist, N (%) 80,696 (75.5%) 77,531 (72.9%) 0.060 15,935 (72.3%) 20,097 (79.0%) 0.155

Years on dialysis at entry on to 

the waitlist, mean (SD) 1.4 (2.1) 1.4 (2.1) 0.003 1.3 (2.1) 2.1 (2.9) 0.326

KAS, Kidney Allocation System; DDKT, deceased donor kidney transplant; cPRA, calculated panel reactive antibodies; SD, standard deviation. 

Standardized Difference is the difference in means or proportions divided by standard deviation where a value > 0.2 indicates a small effect size

Transplant Candidates DDKT Recipients
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Table 4:2  Marginal effects from a probit regression of the pre- to post-KAS change in 

probability of DDKT among candidates aged 18-64 

 

 

 

Candidate characteristic Marginal effect Standard Error P-value 

Demographics       

Age 18-34 0.043 0.0025 <0.001 

Age 35-49 0.014 0.0018 <0.001 

Female 0.003 0.0016 0.037 

Latino -0.005 0.0021 0.017 

Public insurance -0.002 0.0018 0.17 

Education       

   College degree -0.004 0.0038 0.299 

   High school -0.012 0.0034 <0.001 

   Some college -0.011 0.0036 0.002 

   Unknown -0.066 0.0040 <0.001 

Waitlist characteristics       

Post-KAS 0.005 0.0016 0.002 

Post-dialysis entry 0.034 0.0018 <0.001 

Employed at waitlist entry 0.023 0.0020 <0.001 

Years on the waitlist 0.004 0.0003 <0.001 

High supply DSA 0.079 0.0017 <0.001 

Clinical characteristics       

Diabetes -0.078 0.0017 <0.001 

Previous transplant 0.005 0.0026 0.18 

Interaction terms       

Post-KAS vs. Pre-KAS by age 
group and dialysis status       

   Age 18-34, Pre-dialysis -0.018 0.0094 0.059 

   Age 18-34, Post-dialysis 0.069 0.0053 <0.001 

   Age 35-49, Pre-dialysis -0.064 0.0054 <0.001 

   Age 35-49, Post-dialysis 0.029 0.0033 <0.001 

   Age 50-64, Pre-dialysis -0.071 0.0039 <0.001 

   Age 50-64, Post-dialysis 0.022 0.0027 <0.001 

cPRA>98%*Post-KAS 0.18 0.0018 <0.001 

DDKT, deceased donor kidney transplant; KAS, Kidney Allocation System; cPRA, 

calculated panel reactive antibodies.  
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Table 4:3  Marginal effects from a probit regression of the pre- to post-KAS change in 

probability of employment one year after DDKT among transplant recipients aged 18-64 

 

   

  Candidate characteristic Marginal effect Standard Error P-value 

  Demographics       

  Age 18-34 0.139 0.005 <0.001 

  Age 35-49 0.085 0.004 <0.001 

  Female -0.032 0.003 <0.001 

  Public insurance -0.060 0.004 <0.001 

  Latino  -0.004 0.005 0.477 

  Education       

     College degree 0.066 0.008 <0.001 

     High school 0.024 0.008 0.002 

     Some college 0.040 0.008 <0.001 

     Unknown 0.069 0.012 <0.001 

  Race       

     Asian 0.001 0.007 0.939 

     Black -0.012 0.004 0.003 

     Other -0.007 0.012 0.581 

  State unemployment rate -0.009 0.001 <0.001 

  Waitlist characteristics       

  Post-KAS -0.0001 0.004 0.975 

  Post-dialysis entry 0.003 0.005 0.505 

  Employed at waitlist entry 0.327 0.005 <0.001 

  Years on the waitlist -0.005 0.001 <0.001 

  Clinical characteristics       

  Diabetes -0.046 0.004 <0.001 

  Previous transplant 0.014 0.005 0.003 

  Years on dialysis at DDKT -0.003 0.001 <0.001 

  Interaction terms       

  

Post-KAS vs. Pre-KAS by 

age group and dialysis status       

     Age 18-34, Pre-dialysis 0.015 0.020 0.458 

     Age 18-34, Post-dialysis 0.009 0.011 0.393 

     Age 35-49, Pre-dialysis -0.027 0.011 0.018 

     Age 35-49, Post-dialysis 0.016 0.008 0.032 

     Age 50-64, Pre-dialysis -0.005 0.008 0.533 

     Age 50-64, Post-dialysis -0.008 0.006 0.182 

  DDKT, deceased donor kidney transplant; KAS, Kidney Allocation System; cPRA, 

calculated panel reactive antibodies.    
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Table 4:4  Marginal effects from a sample selection probit regression of employment one 

year after DDKT 

 

   

  Candidate characteristic Marginal effect Standard Error P-value 

  Demographics       

  Age 18-34 0.102 0.006 <0.001 

  Age 35-49 0.059 0.004 <0.001 

  Female -0.022 0.003 <0.001 

  Public insurance -0.041 0.004 <0.001 

  Latino  -0.006 0.004 0.102 

  Education       

     College degree 0.045 0.006 <0.001 

     High school 0.015 0.005 0.006 

     Some college 0.025 0.006 <0.001 

     Unknown 0.035 0.009 <0.001 

  Race       

     Asian -0.003 0.005 0.587 

     Black -0.009 0.005 0.001 

     Other -0.005 0.008 0.585 

  State unemployment rate -0.007 0.001 <0.001 

  Waitlist characteristics       

  Post-KAS -0.002 0.003 0.504 

  Post-dialysis entry 0.006 0.004 0.109 

  Employed at waitlist entry 0.226 0.014 <0.001 

  Years on the waitlist -0.003 0.001 <0.001 

  Clinical characteristics       

  Diabetes -0.044 0.003 <0.001 

  Previous transplant 0.009 0.004 0.008 

  Years on dialysis at DDKT -0.002 0.001 <0.001 

  Interaction terms       

  

Post-KAS vs. Pre-KAS by 

age group and dialysis status       

     Age 18-34, Pre-dialysis 0.007 0.015 0.616 

     Age 18-34, Post-dialysis 0.020 0.008 0.020 

     Age 35-49, Pre-dialysis -0.033 0.008 <0.001 

     Age 35-49, Post-dialysis 0.015 0.005 0.007 

     Age 50-64, Pre-dialysis -0.018 0.005 0.001 

     Age 50-64, Post-dialysis -0.005 0.004 0.203 

  rho       

  DDKT, deceased donor kidney transplant; KAS, Kidney Allocation System; cPRA, 
calculated panel reactive antibodies.  
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4.7 Figures  

Figure 4:1  Factors influencing post-transplant employment            

In this figure, the DDKT node is the selection node indicating whether we observe 

DDKT for a particular patient. The U node represents unobservable factors that influence 

both DDKT and post-transplant employment. The Kidney Allocation System and patient 

characteristics influence both DDKT and post-transplant employment.                      

DDKT, deceased donor kidney transplant; U, unobservables 

 

 

 

  

Post-transplant 
Employment

Patient Characteristics

Kidney Allocation System

DDKT

U



 70 

Figure 4:2  Average change in the pre- to post-KAS probability of DDKT by age group 

and pre- or post-dialysis entry on to the waitlist     

Error bars represent 95% confidence intervals. Asterisks denote point estimates 

significantly different than zero.                                                                                  

DDKT, deceased donor kidney transplant; KAS, Kidney Allocation System                     

* P-value < 0.001 
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Figure 4:3  Average probability of employment one year post-DDKT predicted with a 

bivariate probit equation, by patient subgroup           

Black bars indicate the pre-KAS era, gray bars indicate the post-KAS era. Error bars 

represent 95% confidence intervals. Asterisks indicate significant differences between 

pre- and post-KAS probability of employment within a patient subgroup.                   

KAS, Kidney Allocation System                                                                                          

* P-value < 0.05 

 

 

  

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

18-34, Pre-
dialysis

18-34, Post-
dialysis

35-49, Pre-
dialysis*

35-49, Post-
dialysis*

50-64, Pre-
dialysis

50-64, Post-
dialysis

P
ro

b
ab

il
it

y
 o

f 
em

p
lo

y
m

en
t 

1
-y

ea
r 

p
o
st

-t
ra

n
sp

la
n
t



 72 

Figure 4:4  Average probability of employment one year post-DDKT predicted with a 

probit sample selection model, by patient subgroup       

Black bars indicate the pre-KAS era, gray bars indicate the post-KAS era. Error bars 

represent 95% confidence intervals. Asterisks indicate significant differences between 

pre- and post-KAS probability of employment within a patient subgroup.                       

KAS, Kidney Allocation System 
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Chapter 5  

5.1 Introduction 

Approximately 750,000 patients are currently receiving treatment for end stage 

renal disease (ESRD) in the United States (US)1. Patients with ESRD have two treatment 

options, chronic dialysis treatment or kidney transplant (Figure 5:1). Dialysis treatment is 

time intensive and requires multiple treatment sessions per week. Kidney transplant can 

occur before or after a patient begins dialysis treatment and is the most beneficial 

treatment option, providing patients with a longer life and higher quality of life compared 

to dialysis. Yet access to kidney transplant and outcomes among transplant recipients are 

varied in the US, where the demand for deceased donor kidney transplants (DDKTs) far 

exceeds supply.    

Organ allocation in the US is governed at a federal level by the United Network 

for Organ Sharing (UNOS). In 2014, UNOS implemented a new Kidney Allocation 

System (KAS) to improve the allocation of deceased donor kidneys among candidates on 

the US transplant waitlist. Prior to the KAS, kidneys were allocated to the patients with 

the longest time on the waitlist who were a biological match to the offered organ. This 

system often resulted in re-transplantation among young patients who outlived a donor 

kidney and inequity in wait times and outcomes among different patient subgroups.  

Previous studies report a higher risk of post-transplant death and transplant failure 

(graft failure) among patients treated with dialysis prior to transplant compared to 

patients who receive a transplant with no or less time on dialysis40,42. Additional benefits 

of kidney transplant without dialysis (pre-dialysis transplant) include avoidance of 
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dialysis-related complications and risks, lower costs, and improved employability 42,52,53. 

Historically, dialysis duration and timely referral to the transplant waitlist have varied 

across patient subgroups. Longer time on dialysis before transplant evaluation and listing 

are more common among racial minority groups and low socioeconomic status patients 

41,42.  

Two key changes in the KAS included a scoring algorithm used to match the 

expected longevity of deceased donor organs with expected life years of recipients and a 

waitlist credit for patients experiencing long dialysis duration. These changes aimed to 

maximize the benefit of donor organs by matching the highest quality organs to the 

healthiest recipients, and to provide more equitable and timely access to organs for 

disadvantaged patients who experience late referral to the waitlist.  

Several studies have described the initial changes in DDKT observed under the 

KAS. In the first year, many patient subgroups experienced sharp increases in the 

probability of DDKT23,24,28,29. For example, in the first year under the KAS, transplants 

among patients with over ten years of dialysis treatment increased by more than 100%24. 

The initial dramatic changes under the KAS were followed by less extreme differences 

suggesting a new equilibrium in DDKT allocation was reached in later years19,54. While 

these studies are important for assessing the effects of the KAS, they do not provide a 

measure of the net gains and losses associated with the KAS where a gain in transplants 

among one patient subgroup must be countered by a loss in another subgroup.  

The Kidney-Pancreas Simulated Allocation Model (KPSAM) is a computer 

simulation program used to simulate organ transplants and outcomes under various 
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allocation policies55. In a study published prior to the KAS implementation, Israni et al. 

(2014) used the KPSAM to predict and compare the long-term outcomes among patients 

on the waitlist in 2010 under the old allocation system rules and under the KAS37. The 

KPSAM is available for public use; however, critics suggest the KPSAM is an 

unvalidated “black-box” and that details of the model structure, inputs, and assumptions 

are not well known56. Moreover, outcomes estimated with the KPSAM are limited to 

death, graft failure, or re-entry on to the waitlist.   

We sought to develop a model that estimates the net gains and losses associated 

with the KAS by comparing observed outcomes under the KAS to counterfactual 

outcomes modelled under pre-KAS assumptions. The model accounts for the observed 

change in KAS policy effects reported in the literature and estimates the net benefit and 

loss associated with the KAS. To our knowledge, this is the first multi-cohort population 

model used to assess the KAS, allowing dynamic entry on to the waitlist and exit off the 

waitlist over time. We demonstrate the value of the model in assessing long-term benefits 

associated with the KAS policy and describe how the model can be extended to other 

outcomes not included in the KPSAM and other organ allocation policies. 

 

5.2 Methods 

We developed a de novo multi-cohort population model that follows patients from 

entry on to the kidney transplant waitlist through a lifetime. Model arms represent 

progression through the waitlist under the KAS policy arm or a counterfactual arm. In the 

KAS arm, patients experience pre-KAS probability of transplant before the KAS 
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implementation date and KAS-related probability of transplant after the policy 

implementation date. In the counterfactual arm, patients experience pre-KAS probability 

of transplant before and after the KAS implementation date. Results from the model 

provide estimates of what actually happened after the KAS was implemented and the 

counterfactual outcomes among the same patients as if the KAS were never implemented. 

The model was developed in TreeAge software version 2017 (Williamstown, MA). A 

downloadable Excel version of the model is available by request.  

To reflect the dynamic nature of the waitlist, we used a multi-cohort population 

model that allowed new patients to enter the model over time. Modeled time started in 

2011 with all incident patients who were new to the waitlist in 2011 and all prevalent 

patients who entered the waitlist in previous years but were still waiting for a transplant 

in 2011. Starting in 2012, incident cohorts were introduced to the model through 2018, 

the last year of observable data available in the SRTR database at the time of this analysis 

(Figure 5:2)57. Including patient cohorts that preceded the KAS policy implementation in 

December 2014 provided a burn-in period that reflects how patients entered and 

progressed through the waitlist and allowed a verification of model structure and pre-

KAS assumptions. The mechanisms for KAS-related effects were based on changes 

related to longevity matching and the waitlist credit, where the effects of the KAS are 

turned on in the KAS arm and turned off in the counterfactual arm.  
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5.2.1 Model Structure 

Patients were grouped by age range and dialysis duration at time of entry on to the 

waitlist to measure the effects of the longevity matching and waitlist credit elements of 

the KAS. Patient age groups were 18-34 years, 35-49 years, 50-64 years, and 65 years 

and older with a range of yearly dialysis duration from zero up to five years or greater. 

Patients progressed through the model in annual cycles, accruing waitlist time and 

dialysis duration each year. For example, a patient in the 18-34 age group who entered 

the waitlist in 2013 with two years of dialysis duration progressed to her second year on 

the waitlist and third year of dialysis in 2014.  

Patients entered the waitlist with or without dialysis treatment. Patients on the 

waitlist have an annual probability of progressing to dialysis (if not already on dialysis), 

DDKT, death, permanent removal from the waitlist, or remaining on the waitlist. 

Permanent removal from the waitlist includes removal due to deteriorating health 

condition, transplant outside the US, patient refusal of transplant, transplant no longer 

needed, or other. Patients who die or are permanently removed from the waitlist exit the 

model with no chance of re-entry.  

Patients who received a DDKT progressed to a post-transplant state. To account 

for the differences in post-transplant patient and graft survival by dialysis exposure, 

distinct post-transplant states were used for patients with and without dialysis treatment 

before DDKT. Patients remained in the post-transplant state until death or graft failure. 

Patients who experienced a graft failure either died immediately after the failure, returned 
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to year one on the waitlist with dialysis treatment, or were removed from the waitlist. The 

model schematic is shown in Figure 5:3.  

5.2.2 Model Inputs 

Model inputs were derived from an analysis of the Scientific Registry of 

Transplant Recipients (SRTR) database and the literature. SRTR analyses were limited to 

patients listed for kidney-only transplants and excluded patients who received a living 

donor kidney transplant. We estimated the pre-KAS probability of transplant, death on 

the waitlist, or removal from the waitlist by patient age group, waitlist time, and dialysis 

duration based on incident and prevalent patients on the waitlist in 2013. For example, 

patients aged 18-34 with four years of dialysis treatment and who had accrued three years 

of waitlist time by 2013 had a 10.6%, 1.2%, and 2.7% chance of DDKT, death, or 

removal from the list that same year, respectively. Appendix 15 shows the complete list 

of 2013 probabilities by patient subgroup.   

The baseline year 2013 represents the last complete calendar year under the 

previous allocation policy before the KAS was implemented in December 2014. Because 

the KAS was in effect for less than one month of 2014, we did not include 2014 in the 

post-KAS outcome measures. The variation in probability of DDKT by patient subgroup 

observed during the pre-KAS years 2011-2014 was minimal (Appendix 17); therefore 

applying 2013 probabilities to all pre-KAS years included in the model was a reasonable 

assumption. 

Post-KAS changes in probability of DDKT were turned on in the 2015 cycle in 

the KAS arm and varied in 2016, 2017, and 2018 based on results from the SRTR 
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database and annual report. Changes in the probability of transplant under the KAS 

between 2015 and 2018 were calculated from the SRTR data by comparing the 

probability of transplant between each post-KAS year and the baseline year (2013). The 

KAS-related probability of transplant in the extrapolated years (2019 and later) was held 

constant at the 2018 calculated probabilities. The probability of transplant in the 

simulated counterfactual arm was held constant at the pre-KAS values for the duration of 

the modeled time horizon. The post-KAS changes in probability of transplant by patient 

subgroup and year are shown in Table 5:1. 

Incident patient counts by cohort year and subgroup were calculated from the 

SRTR data and are shown in Appendix 16. The total number of DDKTs has increased in 

the past several years. This increase is likely due to changes in transplant center practice 

and increases in organs sourced from certain types of donors54.  While transplant centers 

have increased the number of organs recovered for transplant over the last decade, a 

higher proportion of organs are donated after death from anoxia among people aged 18-

34 resulting from the opioid epidemic19,20. To account for these changes, we applied a 

transplant increase factor to model the observed increase in donor organs over time. 

Post-transplant transition probabilities were obtained from the literature and 

SRTR data analysis and are shown in Table 5:2. Post-dialysis DDKT recipients 

experienced a 3% annual risk of graft failure and an annual risk of death that ranged from 

1.5% among recipients aged 18-34 to 9% among recipients aged 65 and older7,54,58. 

Compared to post-dialysis DDKT recipients, patients who received a DDKT with no 

dialysis treatment had a 25% lower risk of graft failure and a 16% lower risk of death in 
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all age groups42. Patients who experienced a graft failure had a 12% chance of death in 

the same cycle59. Based on the SRTR data analysis of 2013 DDKT recipients, patients 

who did not die after a graft failure had a 40% chance of re-entering the transplant 

waitlist while on dialysis and a 60% chance of exiting the model on dialysis treatment 

with no re-entry on to the transplant waitlist.    

5.2.3 Model Assumptions 

There are several key assumptions in this model. First, we assumed that the 2018 

KAS-related probability of transplant persisted through the extrapolated years of the 

model in the KAS arm. This assumption was based on the trend observed in the SRTR 

data analysis and recent reports describing a new equilibrium observed in the most recent 

years under the KAS19,54 . Second, some patient subgroups included in the SRTR data 

analysis were too small to obtain reliable or realistic estimates. For example, among the 

24 patients aged 18-34 who were on the waitlist for three years in 2013, none received a 

transplant or died in that same year. A zero percent chance of death or transplant is not 

realistic, so in those cases we applied a mortality probability based on the life tables and a 

0.1% chance of transplant for all patients in that subgroup cycle60. Third, the model does 

not differentiate between first-time and repeat DDKT waitlist candidates or recipients. 

Fourth, patients who experience a DDKT failure and reenter the waitlist have the same 

probability of transplant or other outcomes as patients who enter the waitlist with no 

previous history of transplant. Finally, we assumed there was no additional, independent 

KAS effect on the probability of death on the waitlist or removal from the waitlist.  
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5.2.4 Model Analysis 

We compared the total number of DDKTs, mortality on the waitlist, and life years 

between patients in the KAS arm and patients in the counterfactual arm. The outcomes of 

interest were the total number of DDKTs, total life years, and the net benefit of life years 

gained or loss under the KAS policy among all incident and prevalent patients on the 

kidney transplant waitlist between 2011 and 2018. To estimate the effect of the KAS, we 

compared outcomes modeled during the observable post-KAS time period 2015-2018, 

outcomes modeled during the extrapolated time period beyond 2018, and the total post-

KAS modeled time period until all patients died or were permanently removed from the 

waitlist, 2015-2081. To test the assumption of allowing the 2018 KAS-related 

probabilities to persist through the extrapolated period, we compared two alternative 

scenarios of KAS-related probability of DDKT after 2018. In the first scenario, we 

applied the 2017 KAS-related probabilities of DDKT by patient subgroup throughout the 

extrapolated period. In the second scenario, we applied the average KAS-related 

probability from 2015-2018 throughout the extrapolated period.   

We performed model verification by comparing modeled counts of DDKT, death, 

and removal from the waitlist outcomes to the actual observed outcomes during the 

observable time period 2011-2018. The comparison of modeled outcomes and SRTR data 

during the observable pre- and post-KAS time period (2011-2018) indicated the model 

accurately estimated observed outcome measures, suggesting the model is a valid 

representation of the kidney transplant waitlist. The verification of modeled and observed 

data obtained from the SRTR database is further described in Appendix 17. 
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5.3 Results 

Overall, there were 52,160 DDKTs in the KAS arm compared to 52,145 DDKTs 

in the counterfactual arm during the observable time period that was directly informed by 

the SRTR data (Table 5:3). The largest difference between the KAS arm and 

counterfactual arm was a 17% decrease in DDKTs among post-dialysis patients aged 65 

and over. The smallest difference between the KAS arm and counterfactual arm was a 

0.6% decrease in DDKTs among post-dialysis candidates aged 50-64. 

During the observed post-KAS time period 2015-2018, death on the waitlist 

decreased by 2.4% and 1.2% among patients aged 18-34 and 35-49, respectively (Table 

5:4). Conversely, death on the waitlist increased by 0.2% among patients aged 50-64 and 

by 1.6% among patients aged 65 and older. There was a 0.01% increase in total life years 

in the KAS arm compared to the counterfactual arm in the observed time period.  

Additional results from the modeled KAS arm during the observable time period, 

which is directly informed by the data, indicate the following (Figure 5:4):  

• A sharp increase in the proportion of DDKTs allocated to post-dialysis patients 

aged 18-49 in 2015 compared to the same aged patients in the counterfactual arm. 

After the immediate increase, post-dialysis patients aged 18-49 returned to an 

allocation proportion near the counterfactual arm.  

• Pre-dialysis patients aged 18-49 in the KAS arm experienced a small increase in 

the proportion of allocated DDKTs compared to the counterfactual arm between 

2015 and 2018.  
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• Differences in the proportion of DDKTs allocated to post-dialysis patients aged 

50-64 were minimal between the KAS and counterfactual arms.  

• Pre-dialysis patients aged 50-64 in the KAS arm experienced an initial decrease in 

DDKTs followed by a return to a proportion slightly greater than the 

counterfactual arm.  

• Both pre- and post-dialysis patients aged 65 and older in the KAS arm 

experienced an immediate decrease in DDKT compared to the counterfactual arm. 

The decrease was sustained throughout the rest of the observable time period 

among post-dialysis patients. Conversely, the proportion of DDKTs among pre-

dialysis patients aged 65 and older increased between 2016 and 2018 to a 

proportion slightly greater than the counterfactual arm.  

Results from the modeled KAS arm during the extrapolated time period, which is 

based on the assumption that the probabilities observed in 2018 persist in 2019 and 

throughout the modeled time horizon, indicate the following:  

• Overall, there were more DDKTs among all ages of pre-dialysis patients and 

fewer DDKTs among all ages of post-dialysis patients in the KAS arm compared 

to the counterfactual arm.  

• We estimated a 3.2% and 1.9% decrease in the number of deaths on the waitlist 

among patients aged 18-34 and 35-49 in the KAS arm compared to the 

counterfactual arm, respectively.  

• There was a 0.2% and 4.0% increase in mortality on the waitlist among patients 

aged 50-64 and 65 and older under the KAS policy compared to the 
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counterfactual arm. There was a 0.9% increase in total life years in the KAS arm 

compared to the counterfactual arm in the extrapolated time period.  

• Combining both the observed and extrapolated time periods, we estimated a 

0.06% increase in life years, a decrease in death on the waitlist among patients 

aged 18-50, and an increase in death on the waitlist among patients aged 50 and 

older from the start of KAS implementation onward.  

Two alternative scenarios of long-term KAS effects were conducted to test the 

assumption that the 2018 KAS-related probabilities of DDKT by patient subgroup 

persisted through the extrapolated period. Under the scenario using 2017 KAS-related 

probabilities throughout the extrapolated period, we estimated an additional 550 life 

years, 65 fewer deaths on the waitlist among patients aged 18-64 years, and 287 more 

deaths on the waitlist among patients aged 65 years and older. Under the scenario using 

the averaged KAS-related probabilities from 2015-2018, we estimated an additional 141 

life years, 267 fewer deaths on the waitlist among patients aged 18-64 years, and 149 

more deaths on the waitlist among patients aged 65 years and older. Complete results 

from the scenario analyses testing alternative policy effects in the extrapolated period are 

shown in Appendix 18.  

 

5.4 Discussion  

The KAS was designed to improve the use of deceased donor organs and equity in 

allocation among US kidney transplant candidates. Many studies have described changes 

in allocation and short-term outcomes since the KAS was implemented. We sought to 
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measure how the changes in outcomes observed under the KAS compare to what would 

have occurred without the policy. We used a counterfactual population modeling 

approach to compare transplants, waitlist mortality, and total life years under the KAS 

and counterfactual allocation systems. Results from this analysis describe the trade-offs 

and net benefits that resulted from changes in organ allocation under the KAS.  

Results from the observable modeled time period are consistent with previous 

reports indicating a higher probability of DDKT among patients younger than 50 years 

and patients receiving waitlist time credit (post-dialysis patients) under the KAS. 

Similarly, and based on inputs sourced directly from the SRTR data, results from our 

model followed the same previously reported trend of diminishing KAS effects during 

the observable time period (2015-2018) in some patient subgroups19,23,24,28. By 2018, all 

patient subgroups in the KAS arm except those aged 65 and older had DDKT rates 

similar to rates under the previous allocation policy.  

In the extrapolated period, we followed the cohort of patients who were on the 

waitlist in 2018 for the duration of the time horizon, with no new patients entering the 

list. Under a long-term assumption of 2018 probability of DDKT, we found that all ages 

of post-dialysis patients in the KAS arm experienced sustained DDKT reduction 

compared to the counterfactual arm throughout the extrapolated period. Conversely, all 

ages of pre-dialysis patients in the KAS arm experienced an increase in DDKT compared 

to the counterfactual arm in the extrapolated period. This finding suggests that the impact 

of the equity mechanism of the KAS designed to improve access to DDKTs among 

disadvantaged patients via the waitlist credit may be changing over time. For example, 
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after the initial sharp increase in DDKT among patients with long dialysis duration, there 

were fewer patients with long dialysis times on the waitlist to benefit from the credit. As 

the data become available, modeling later years of patient cohorts who may have 

different dialysis durations than the cohorts observed in this analysis will be important for 

continued assessment of the waitlist credit aspect of the KAS.  

There are some similarities between the results from this study and the results 

described in the Israni et al. (2014) simulation comparing the KAS and prior allocation 

system before the implementation of the KAS. Key findings from that simulation study 

included a 4.6% increase in median survival among DDKT recipients, a decrease in 

transplants among patients older than 50, an increase in transplants among patients with 

at least four years of dialysis treatment, and a modest increase in death on the waitlist 

among patients aged 50 and older37. Results from our study also identified a decrease in 

DDKT among most patients older than 50; however, in this study there was an increase in 

DDKT among pre-dialysis patients aged 65 and older in the observed and extrapolated 

time periods. Notably, both studies found an increase in transplants among patients who 

received the dialysis time credit but results from this and other studies indicate that 

change was not sustained over a longer time period19,23,24,28. Finally, Israni et al. (2014) 

estimated a small increase (0.6%) in death on the waitlist among patients aged 65 and 

older. Results from this study indicate an overall 3.2% increase in death on the waitlist 

among patients aged 65 and older. Despite this large increase in mortality among older 

patients we find a 0.1% increase in net total life years under the KAS arm compared to 
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the counterfactual arm as a result of more transplants among younger patients with better 

survival.     

This is the first multi-cohort model used to estimate the net benefit of the KAS 

with a counterfactual framework. A multi-cohort structure allows for the introduction of 

incident patients cohorts over time that may impact modeled outcomes. This model can 

be extended to other outcomes and organs. While this analysis focused on the count of 

DDKTs, mortality on the waitlist, and life years, future analyses may include cost, 

quality-adjusted life years, or work-years. Importantly, our model can be adapted to other 

organ waitlists and allocation policies and provides decision makers with an assessment 

of the potential population-level gains and losses associated with any scarce resource 

allocation policy.  

There are several limitations to this study. We assumed that patients who were 

incident to the waitlist under the KAS would have been the same under the old allocation 

policy. If the KAS policy has led to a difference in the types of patients who enter the 

waitlist, the counterfactual group in our model may not accurately represent incident 

patients who would have entered the list under the old policy. Future iterations of this 

analysis may consider varying incident patient counts by cohort year and subgroup 

between the KAS and counterfactual arms to reflect changes in listing patterns that occur 

under the KAS. Deceased donor kidney allocation is a complex and dynamic process. In 

addition to allocation policy, patient choice, clinician referral practice, variance in local 

organ supply, and center-level differences impact which patients receive a transplant and 

the associated outcomes and are not specifically considered in this model. We focused on 
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two key elements of the KAS policy, longevity-matching and dialysis time credit, to 

compare outcomes under the KAS to outcomes under the previous allocation policy. This 

approach does not fully capture the nuances associated with transplant decisions and 

outcomes and may misattribute results to the policy. Finally, any analysis of the 

transplant waitlist only provides information on the minority of ESRD patients who make 

it on to the list and does reflect the national need for kidney transplants.  

 

5.5 Conclusion 

This study identified important trade-offs between patient subgroups under the 

KAS using a counterfactual multi-cohort modeling approach. We found that an increase 

in transplants and among younger patients is countered by fewer transplants and more 

deaths on the waitlist among older patients. Despite the increase in mortality on the 

waitlist among older patients, we found a long-term increase in total life years under the 

KAS. Results from this model can be used to estimate the important trade-offs in organ 

allocation that result from prioritizing transplant among some patient subgroups. Future 

studies may adapt this model to include additional cohorts and outcomes that may inform 

decision makers and organ allocation policy. 
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5.6 Tables 

Table 5:1  Percent change in probability of DDKT under KAS by age and dialysis status 

 

 

Age Group and Year Pre-dialysis 

patients Dialysis patients 

2015     

  18-34 years +5% +27% 

  35-49 years No change +15% 

  50-64 years -20% No change 

  65+ years -21% -13% 

2016     

  18-34 years +11% +17% 

  35-49 years +2% +10% 

  50-64 years -10% No change 

  65+ years -5% -16% 

2017     

  18-34 years +15% +6% 

  35-49 years +15% +4% 

  50-64 years +5% No change 

  65+ years +10% -21% 

2018     

  18-34 years +10% +1% 

  35-49 years +15% No change 

  50-64 years +7% -2% 

  65+ years +25% -13% 

DDKT, deceased donor kidney transplant; KAS, Kidney Allocation 

System 
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Table 5:2  Post-transplant model inputs 

 

 

  

Parameters Parameter value Reference

Annual risk of graft failure 0.03 54

Probability of death after graft failure 0.12 59

Return to waitlist after graft failure 0.40 SRTR data analysis

Relative risk of graft failure, pre-dialysis DDKT 

vs. post-dialysis DDKT
0.75 42

Relative risk of death after transplant, pre-dialysis 

DDKT vs. post-dialysis DDKT
0.84 42

DDKT, deceased donor kidney transplant; SRTR, Scientific Registry of Transplant Recipients
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Table 5:3  KAS and counterfactual model estimates for DDKT by study time period and 

patient subgroup 

 

  KAS Counterfactual Percent Change 
Net 

difference 

  Observed KAS period (2015-2018) 

Pre-Dialysis Patients         

Age 18-34 892 820 8.07% 72 

Age 35-49 2,647 2,464 6.91% 183 

Age 50-64 5,048 5,163 -2.28% -115 

Age 65+ 3,091 2,937 4.98% 154 

Post-Dialysis Patients   

Age 18-34 5,203 4,754 8.63% 449 

Age 35-49 11,321 10,737 5.16% 584 

Age 50-64 16,807 16,913 -0.63% -106 

Age 65+ 7,151 8,357 -16.86% -1,206 

Total 52,160 52,145 0.03% 15 

  Extrapolated period (2019-2081) 

Pre-Dialysis Patients   

Age 18-34 602 598 0.66% 4 

Age 35-49 1,653 1,612 2.48% 41 

Age 50-64 3,104 3,019 2.74% 85 

Age 65+ 1,999 1,827 8.60% 172 

Post-Dialysis Patients         

Age 18-34 6,414 6,496 -1.28% -82 

Age 35-49 14,888 15,059 -1.15% -171 

Age 50-64 20,296 20,603 -1.51% -307 

Age 65+ 10,613 11,635 -9.63% -1,022 

Total 59,569 60,849 -2.15% -1,280 

  Total modeled time (2015-2081) 

Pre-Dialysis Patients         

Age 18-34 1,494 1,418 5.09% 76 

Age 35-49 4,300 4,076 5.21% 224 

Age 50-64 8,152 8,182 -0.37% -30 

Age 65+ 5,090 4,764 6.40% 326 

Post-Dialysis Patients         

Age 18-34 11,617 11,250 3.16% 367 

Age 35-49 26,209 25,796 1.58% 413 

Age 50-64 37,103 37,516 -1.11% -413 

Age 65+ 17,764 19,992 -12.54% -2,228 

Total 111,729 112,994 -1.13% -1,265 

DDKT, deceased donor kidney transplant; KAS, Kidney Allocation System 
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Table 5:4  KAS and counterfactual model estimates for mortality on the waitlist and life 

years by study time period and patient subgroup 

 

  

  KAS Counterfactual 

Percent 

change 

Net 

difference 

  Observed KAS period (2015-2018) 

Waitlist deaths, aged 
18-34 

                            
679  

                            
695  -2.36% -16 

Waitlist deaths, aged 

35-49 

                         

3,295  

                         

3,335  -1.21% -40 

Waitlist deaths, aged 

50-64 

                         

8,159  

                         

8,136  0.28% 23 
Waitlist deaths, aged 

65+ 

                         

6,350  

                         

6,245  1.65% 105 

Total Life Years 

                     

758,533  

                     

758,454  0.01% 79 

  Extrapolated period 

Waitlist deaths, aged 
18-34 1,158 1,195 -3.20% -37 

Waitlist deaths, aged 

35-49 5,346 5,448 -1.91% -102 

Waitlist deaths, aged 

50-64 12,223 12,195 -0.23% 28 
Waitlist deaths, aged 

65+ 12,914 12,400 3.98% 514 

Total Life Years 1,438,781 1,437,521 0.09% 1,260 

  Total modeled time 

Waitlist deaths, aged 

18-34 1,837 1,890 -2.89% -53 

Waitlist deaths, aged 

35-49 8,641 8,783 -1.64% -142 
Waitlist deaths, aged 

50-64 20,382 20,331 0.25% 51 

Waitlist deaths, aged 

65+ 19,264 18,645 3.21% 619 

Total Life Years 2,197,314 2,195,975 0.06% 1,339 

KAS, Kidney Allocation System 
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5.7 Figures 

Figure 5:1  Treatment pathways for end stage renal disease patients       

Patients diagnosed with or near end stage renal disease follow three general treatment 

pathways: 1) enter the transplant waitlist and receive a transplant with or without dialysis 

treatment, 2) begin dialysis treatment and enter the waitlist some time later, 3) begin 

dialysis treatment and never enter the transplant waitlist. 
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Figure 5:2  Multi-cohort model entry on to the kidney transplant waitlist           

This figure depicts cohort entry into the model by calendar year. The 2011 cohort 

includes all incident and prevalent patients on the transplant waitlist at any point in 2011. 

Cohorts entering the model between 2012 and 2018 include incident patients only. The 

KAS was implemented nationally on December 4, 2014.                                               

KAS, Kidney Allocation System 
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Figure 5:3  Model schematic                                                                                             

The model schematic shows the cohort progression through the model. Patients enter the 

waitlist and remain on the waitlist or progress to DDKT, removal from the waitlist, or 

dead. Progression through the model is the same for pre-dialysis and post-dialysis 

patients; however, patients who enter the waitlist with no dialysis have a chance to start 

dialysis treatment while on the waitlist.                                                                      

DDKT, deceased donor kidney transplant 
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Figure 5:4  Proportion of DDKTs by patient subgroup under the modeled KAS and 

counterfactual policies               

Graphs show results from the KAS and counterfactual model estimates of DDKTs from 

2014-2018. Solid lines represent outcomes from the KAS arm that was directly informed 

by the data, dashed lines represent outcomes from the counterfactual arm. Post-dialysis 

patients are represented by black lines, pre-dialysis patients are represented by gray lines. 

(A) depicts patients aged 18-34. (B) depicts patients aged 35-49. (C) depicts patients aged 

50-64. (D) depicts patients aged 65 and older.                                                            

DDKT, deceased donor kidney transplant; KAS, Kidney Allocation System 
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Chapter 6  

Conclusion 

This thesis examines the immediate and longer-term effects of the KAS that was 

introduced in 2014. Two specific aims of the KAS were to maximize the benefit of donor 

organs by matching the highest quality organs to the healthiest recipients, and to provide 

more equitable and timely access to organs for disadvantaged patients who experience 

late referral to the waitlist. Previous studies have demonstrated the initial changes in 

DDKT observed under the KAS. In the first year under the KAS, many patient subgroups 

experienced sharp increases in the rate of DDKT23,24,28,29. For example, in the first year 

under the KAS, transplants among patients with over ten years of dialysis treatment 

increased by more than 100%24. The initial dramatic changes under the KAS were 

followed by less extreme differences suggesting a new equilibrium in DDKT allocation 

was reached in later years54. 

In Chapter 2, we assessed the impact of the longevity matching criteria of the 

KAS. We applied a difference-in-differences approach to compare the change in pre- to 

post-KAS outcomes between patients aged less than 50 years old with patients older than 

50 years. We found that patients aged 50 years had a significantly greater increase in 

average probability of transplant from the pre- to post-KAS era than patients aged >50 

years. These findings confirm other studies that identified an increase in DDKT among 

younger patients under the KAS23,24.  
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In Chapter 3, we measured the impact of the waitlist time credit component of the 

KAS using a difference-in-differences approach that compared the change in pre- to post-

KAS outcomes between post-dialysis patients and patients with no dialysis treatment. 

Previous studies have demonstrated the initial changes in DDKT observed among 

patients with long dialysis exposure under the KAS. For example, in the first year under 

the KAS, transplants among patients with over ten years of dialysis treatment increased 

by more than 100%24. In our study, we found no difference in the probability of DDKT 

among post-dialysis patients in the first year under the KAS followed but a 53% increase 

in the probability of DDKT in later years under the KAS. Our first year finding of no 

difference is likely a result of excluding highly sensitized patients who experienced the 

largest increase in DDKT in the immediate months after the KAS implementation. 

In Chapter 4, we compared employment after DDKT among patient subgroups 

targeted by the KAS policy. Using a sample selection modeling approach, we found a 

significant increase in employment after transplant in the post-KAS era compared to the 

pre-KAS era among post-dialysis DDKT recipients aged 18-49 years and a significant 

decrease in employment after transplant among pre-dialysis DDKT recipients aged 35-

64. This is the first study to measure the effect of the KAS on employment and the first 

study to apply a sample selection approach to measuring employment after DDKT. 

Findings from this study have important implications for assessing the benefit of the KAS 

from an economic and societal perspective. Furthermore, results from this analysis 

indicate that there is a significant correlation between the unobservable factors associated 
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with DDKT and the unobservable factors associated with employment after DDKT, 

validating our use of a sample selection model to obtain unbiased effect estimates. 

In Chapter 5, we developed a multi-cohort population model to estimate the net 

gains and losses associated with the KAS. We compared DDKTs and mortality on the 

waitlist observed under the KAS to the same outcomes under a counterfactual scenario 

representing the pre-KAS allocation policy. The model was used to compare outcomes 

between the KAS and counterfactual scenarios during the period of time that is 

observable in the data (2015-2018) and to estimate outcomes under both scenarios 

beyond observable time (2019 and later). Results from this analysis depict the observed 

initial changes in DDKT rate among subgroups targeted by the KAS followed by a return 

to rates similar to those observed under the previous allocation policy in most subgroups.  

Patients aged 65 and older experienced fewer DDKTs and more mortality on the waitlist 

under the KAS compared to the counterfactual policy scenario in both the observed and 

extrapolated time periods. Despite an increase in mortality on the waitlist among older 

patients, we found a 0.1% increase in total life years under the KAS arm compared to the 

counterfactual arm as a result of more transplants allocated to younger patients with 

better survival.  

This thesis provides a comprehensive analysis of the long-term impact of the KAS 

on two patient subgroups specifically targeted by the policy. Results from these analyses 

add to the existing KAS literature and provide new and important measures of the clinical 

and economic impact of the KAS. Notably, this work provides the first measure of 

employment after transplant under the KAS and is the first to use a multi-cohort 
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population model to estimate the net benefit of the policy. Future research can apply 

similar methods to extend findings to later years, additional outcomes, or different organ 

allocation polices. 
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Appendices 

Appendix 1.  Explanation of the supply indicator variable 

We created a binary indicator to indicate high and low organ supply by donor 

supply area (DSA). First, we calculated a median rate of 0.23 transplants per person-year 

on the kidney-only transplant waitlist between 2011 and 2014 across all DSAs. Next, we 

calculated the average annual rate of transplants per person-year on the waitlist between 

2011 and 2014 by DSA and compared the DSA-specific rate to the overall median value 

of 0.23. DSAs with average transplant rates less than or equal to the overall median rate 

were designated as low supply DSAs; DSAs with average transplant rates greater than the 

overall median rate were designated as high supply DSAs. A total of 32 (55%) of DSAs 

were designated as high supply. The average annual rate of transplants per patient year by 

DSA are listed below.  

 

Donor Service 

Area

Average transplants per patient-

year, 2011-2014

5 0.08

10 0.41

19 0.29

34 0.08

38 0.27

52 0.14

61 0.15

88 0.19

106 0.22

115 0.4

124 0.25

134 0.24

138 0.36

143 0.13

continued
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continued

Donor Service 

Area

Average transplants per patient-

year, 2011-2014

157 0.12

169 0.42

176 0.18

200 0.25

207 0.32

222 0.16

302 0.23

309 0.28

330 0.24

346 0.27

360 0.33

369 0.4

374 0.37

378 0.21

390 0.23

399 0.71

411 0.18

416 0.18

422 0.7

427 0.26

440 0.26

450 0.17

460 0.29

470 0.21

471 0.5

472 0.46

480 0.4

494 0.37

505 0.34

516 0.15

continued
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continued

Donor Service 

Area

Average transplants per patient-

year, 2011-2014

530 0.23

589 0.21

596 0.28

604 0.21

612 0.22

637 0.17

660 0.12

661 0.21

692 0.56

706 0.18

730 0.28

747 0.46

766 0.2

832 0.14
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Appendix 2. Tests of the difference-in-differences assumptions 

We followed the checklist recommended by Ryan, Burgess, and Dimick (2015) to 

test the assumptions of our difference-in-differences (DD) models. The directly testable 

assumptions are: (1) pre- and post-intervention data are available for both the treatment 

and control groups; (2) outcome trends before the intervention are parallel between study 

groups; (3) the baseline outcome level is not correlated with the observed change in 

outcome during later study periods; (4) the composition of study groups does not change 

over the study period; and (5) there are no spillover effects from the treatment to control 

group. Results from the tests of assumptions are described in further detail, below. 

(1) The outcomes included in the DD analyses (DDKT and mortality on the 

waitlist) were observed among all waitlist candidates in both the pre- and post-KAS 

periods.  

(2) We regressed the outcomes of interest (DDKT and mortality on the waitlist) 

on pre-KAS year and the interaction of pre-KAS year and age group among all 

observations in the pre-KAS period. Results indicate parallel trends in outcomes between 

2011 and the KAS implementation. 
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(3) A test of the association between baseline (pre-KAS) outcomes and trends in 

the post-KAS period indicated there was no association between baseline outcome levels 

and the post-KAS change in outcomes in both age groups.  

 

Parameter Estimate
Standard 

Error
Z Pr > Z

Intercept 48.72 20.85 7.85 89.59 2.34 0.02

Year -0.03 0.01 -0.05 -0.01 -2.47 0.014

Age £ 50 18.97 32.5 -44.73 82.66 0.58 0.56

Year* Age 

£ 50
-0.01 0.02 -0.04 0.02 -0.58 0.56

95% Confidence Limits

Outcome: DDKT

Analysis of GEE Parameter Estimates

Parameter Estimate
Standard 

Error
Z Pr > Z

Intercept 145.6 44.11 59.14 232.06 3.3 0.001

Year -0.07 0.02 -0.12 -0.03 -3.4 0.001

Age £ 50 -102.08 87.69 -273.95 69.8 -1.16 0.244

Year* Age 

£ 50
0.05 0.04 -0.04 0.14 1.16 0.248

 Analysis of GEE Parameter Estimates

95% Confidence Limits

Outcome: Mortality on the waitlist

Parameter Estimate
Standard 

Error
Z Pr > Z

Intercept 250.48 168.62 -80.02 580.98 1.49 0.14

Post Year -0.12 0.08 -0.29 0.04 -1.48 0.14

DDKT pre 6.43 5.29 -3.94 16.79 1.22 0.22

Post Year * 

DDKT pre
-0.003 0.003 -0.008 0.002 -1.21 0.23

Outcome: DDKT , £ 50

 Analysis of GEE Parameter Estimates

95% Confidence Limits
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Parameter Estimate
Standard 

Error
Z Pr > Z

Intercept -226.17 194.56 -607.5 155.17 -1.16 0.25

Post Year 0.11 0.1 -0.08 0.3 1.17 0.24

DDKT pre 3.54 4.08 -4.45 11.53 0.87 0.39

Post Year * 

DDKT pre
-0.002 0.002 -0.006 0.002 -0.86 0.39

 Analysis of GEE Parameter Estimates

95% Confidence Limits

Outcome: DDKT , > 50



 115 

 

 

(4) Standardized difference scores indicated pre-KAS era candidates were similar 

to post-KAS era candidates across all measured characteristics (Table 2:1).  

(5) Results from the tests for spillover effects were mixed. The KAS was 

significantly associated with the probability of DDKT among candidates aged >50 years, 

but not significantly associated with the probability of mortality on the waitlist. We do 

not believe the violation of the spillover effect has a meaningful impact on the DD 

models measuring DDKT; there was a known increase in the total number of donor 

kidneys available in the post-KAS era that likely contributes to the violation of this 

assumption. 

  

Parameter Estimate
Standard 

Error
Z Pr > Z

Intercept 776.31 205.72 373.1 1179.51 3.77 <0.001

Post Year -0.39 0.1 -0.59 -0.19 -3.78 0.001

DDKT pre -69.07 50.94 -168.91 30.77 -1.36 0.18

Post Year * 

DDKT pre
0.03 0.03 -0.02 0.08 1.36 0.17

Outcome: Mortality on the waitlist, £ 50

 Analysis of GEE Parameter Estimates

95% Confidence Limits

Parameter Estimate
Standard 

Error
Z Pr > Z

Intercept 855.21 183.02 496.51 1213.92 4.67 <0.001

Post Year -0.42 0.09 -0.6 -0.25 -4.67 <0.001

DDKT pre -33.24 21.92 -76.2 9.73 -1.52 0.13

Post Year * 

DDKT pre
0.02 0.01 -0.005 0.04 1.52 0.13

 Analysis of GEE Parameter Estimates

95% Confidence Limits

Outcome: Mortality on the waitlist, > 50
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Parameter Estimate
Standard 

Error
Z Pr > Z

Intercept -87.54 21.73 -130.13 -44.94 -4.03 <0.001

Year 0.04 0.01 0.02 0.06 3.9 <0.001

Post -0.14 0.03 -0.21 -0.08 -4.18 <0.001

Outcome: DDKT, > 50 years

 Analysis of GEE Parameter Estimates

95% Confidence Limits

Parameter Estimate
Standard 

Error
Z Pr > Z

Intercept 105.98 28.06 50.99 160.98 3.78 <0.001

Year -0.05 0.01 -0.08 -0.03 -3.94 <0.001

Post 0.1 0.05 -0.005 0.21 -1.87 0.061

 Analysis of GEE Parameter Estimates

95% Confidence Limits

Outcome: Mortality on the Waitlist, > 50 years
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Appendix 3.  Association between predictor variables and probability of DDKT in post-

KAS periods vs. pre-KAS era 

a) Post-KAS months 0-6 vs. pre-KAS era 

 

  

Parameter Estimate

Standard 

Error 95% LCL 95% UCL P-value

Intercept -1.37 0.02 -1.41 -1.34 <.0001

Post-KAS -1.11 0.03 -1.17 -1.04 <.0001

Age <50 years -0.17 0.02 -0.21 -0.14 <.0001

Post-KAS*Age < 50 years 0.32 0.04 0.24 0.40 <.0001

Supply 0.43 0.02 0.40 0.46 <.0001

Female -0.01 0.01 -0.04 0.02 0.6779

Asian -0.19 0.03 -0.24 -0.13 <.0001

Black -0.22 0.02 -0.26 -0.19 <.0001

Race, Other -0.23 0.05 -0.33 -0.13 <.0001

Latino -0.31 0.02 -0.35 -0.27 <.0001

Diabetes  -0.27 0.02 -0.30 -0.23 <.0001

Diabetes*Post-KAS -0.06 0.04 -0.15 0.02 0.1333

Dialysis time at waitlist entry 0.07 0.00 0.06 0.07 <.0001

Dialysis time at waitlist 

entry*Post-KAS
0.33 0.01 0.31 0.34 <.0001

Previous kidney transplant -0.30 0.02 -0.35 -0.26 <.0001

DDKT, deceased donor kidney transplant; KAS, Kidney Allocation System
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b) Post-KAS months 6-12 vs. pre-KAS era 

 

  

Parameter Estimate

Standard 

Error 95% LCL 95% UCL P-value

Intercept -1.37 0.02 -1.41 -1.34 <.0001

Post-KAS -0.80 0.03 -0.86 -0.74 <.0001

Age <50 years -0.17 0.02 -0.21 -0.14 <.0001

Post-KAS*Age < 50 years 0.26 0.04 0.19 0.34 <.0001

Supply 0.42 0.02 0.39 0.45 <.0001

Female 0.00 0.01 -0.03 0.03 0.9867

Asian -0.20 0.03 -0.26 -0.15 <.0001

Black -0.22 0.02 -0.26 -0.19 <.0001

Race, other -0.26 0.05 -0.36 -0.16 <.0001

Latino -0.31 0.02 -0.35 -0.27 <.0001

Diabetes  -0.27 0.02 -0.30 -0.23 <.0001

Diabetes*Post-KAS -0.07 0.04 -0.14 0.01 0.1004

Dialysis time at waitlist entry 0.07 0.00 0.06 0.07 <.0001

Dialysis time at waitlist 

entry*Post-KAS
0.30 0.01 0.28 0.32 <.0001

Previous kidney transplant -0.30 0.02 -0.34 -0.25 <.0001

DDKT, deceased donor kidney transplant; KAS, Kidney Allocation System
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c) Post-KAS months 12-24 vs. pre-KAS era 

 

  

Parameter Estimate

Standard 

Error 95% LCL 95% UCL P-value

Intercept -1.40 0.02 -1.44 -1.37 <.0001

Post-KAS -0.58 0.02 -0.63 -0.54 <.0001

Age <50 years -0.18 0.02 -0.21 -0.15 <.0001

Post-KAS*Age < 50 years 0.23 0.03 0.17 0.30 <.0001

Supply 0.45 0.01 0.42 0.48 <.0001

Female 0.02 0.01 -0.01 0.04 0.2158

Asian -0.19 0.03 -0.24 -0.14 <.0001

Black -0.22 0.02 -0.25 -0.19 <.0001

Race, other -0.24 0.05 -0.34 -0.15 <.0001

Latino -0.29 0.02 -0.33 -0.25 <.0001

Diabetes  -0.26 0.02 -0.30 -0.23 <.0001

Diabetes*Post-KAS -0.11 0.03 -0.18 -0.05 0.0005

Dialysis time at waitlist entry 0.07 0.00 0.06 0.07 <.0001

Dialysis time at waitlist 

entry*Post-KAS
0.35 0.01 0.34 0.37 <.0001

Previous kidney transplant -0.26 0.02 -0.30 -0.22 <.0001

DDKT, deceased donor kidney transplant; KAS, Kidney Allocation System
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d) Post-KAS months 24-36 vs. pre-KAS era 

 

  

Parameter Estimate

Standard 

Error 95% LCL 95% UCL P-value

Intercept -1.40 0.02 -1.44 -1.37 <.0001

Post-KAS -0.28 0.02 -0.32 -0.23 <.0001

Age <50 years -0.18 0.02 -0.21 -0.15 <.0001

Post-KAS*Age < 50 years 0.19 0.03 0.13 0.25 <.0001

Supply 0.45 0.01 0.43 0.48 <.0001

Female 0.01 0.01 -0.01 0.04 0.3312

Asian -0.21 0.03 -0.26 -0.16 <.0001

Black -0.20 0.02 -0.24 -0.17 <.0001

Race, other -0.20 0.05 -0.30 -0.11 <.0001

Latino -0.29 0.02 -0.33 -0.25 <.0001

Diabetes  -0.26 0.02 -0.30 -0.23 <.0001

Diabetes*Post-KAS -0.19 0.03 -0.25 -0.12 <.0001

Dialysis time at waitlist entry 0.07 0.00 0.06 0.07 <.0001

Dialysis time at waitlist 

entry*Post-KAS
0.33 0.01 0.32 0.35 <.0001

Previous kidney transplant -0.27 0.02 -0.32 -0.23 <.0001

DDKT, deceased donor kidney transplant; KAS, Kidney Allocation System
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Appendix 4. Association between predictor variables and probability of mortality on the 

waitlist in post-KAS periods vs. pre-KAS eras 

a) Post-KAS months 0-6 vs. pre-KAS era 

 

 

  

Parameter Estimate

Standard 

Error 95% LCL 95% UCL P-value

Intercept -3.24 0.03 -3.30 -3.18 <.0001

Post-KAS 0.04 0.06 -0.08 0.16 0.534

Age <50 years -0.82 0.03 -0.89 -0.75 <.0001

Post-KAS*Age < 50 years 0.03 0.09 -0.14 0.20 0.7189

Supply -0.43 0.03 -0.48 -0.37 <.0001

Female -0.06 0.03 -0.12 -0.01 0.0137

Asian -0.24 0.05 -0.34 -0.14 <.0001

Black -0.22 0.03 -0.28 -0.16 <.0001

Race, Other -0.21 0.09 -0.39 -0.03 0.0243

Latino -0.32 0.04 -0.39 -0.24 <.0001

Diabetes  0.74 0.03 0.69 0.80 <.0001

Diabetes*Post-KAS -0.10 0.07 -0.25 0.04 0.1476

Dialysis time at waitlist entry 0.08 0.01 0.07 0.09 <.0001

Dialysis time at waitlist 

entry*Post-KAS
0.02 0.01 -0.01 0.05 0.1348

Previous kidney transplant 0.43 0.04 0.36 0.50 <.0001

KAS, Kidney Allocation System
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b) Post-KAS months 6-12 vs. pre-KAS era 

 

  

Parameter Estimate

Standard 

Error 95% LCL 95% UCL P-value

Intercept -3.24 0.03 -3.31 -3.18 <.0001

Post-KAS 0.05 0.06 -0.07 0.16 0.4336

Age <50 years -0.82 0.03 -0.89 -0.76 <.0001

Post-KAS*Age < 50 years 0.07 0.09 -0.10 0.24 0.4101

Supply -0.42 0.03 -0.48 -0.37 <.0001

Female -0.07 0.03 -0.12 -0.02 0.0095

Asian -0.29 0.05 -0.38 -0.19 <.0001

Black -0.19 0.03 -0.26 -0.13 <.0001

Race, Other -0.16 0.09 -0.34 0.02 0.0789

Latino -0.30 0.04 -0.37 -0.23 <.0001

Diabetes  0.74 0.03 0.68 0.80 <.0001

Diabetes*Post-KAS -0.19 0.07 -0.34 -0.05 0.0074

Dialysis time at waitlist entry 0.08 0.01 0.07 0.09 <.0001

Dialysis time at waitlist 

entry*Post-KAS
0.03 0.01 0.00 0.06 0.0324

Previous kidney transplant 0.42 0.04 0.35 0.50 <.0001

KAS, Kidney Allocation System
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c) Post-KAS months 12-24 vs. pre-KAS era 

 

  

Parameter Estimate

Standard 

Error 95% LCL 95% UCL P-value

Intercept -3.24 0.03 -3.30 -3.18 <.0001

Post-KAS 0.16 0.05 0.07 0.25 0.0003

Age <50 years -0.82 0.03 -0.89 -0.76 <.0001

Post-KAS*Age < 50 years -0.19 0.07 -0.33 -0.05 0.0064

Supply -0.43 0.03 -0.48 -0.38 <.0001

Female -0.08 0.02 -0.13 -0.03 0.0008

Asian -0.26 0.05 -0.35 -0.17 <.0001

Black -0.18 0.03 -0.24 -0.13 <.0001

Race, Other -0.24 0.09 -0.42 -0.06 0.0075

Latino -0.29 0.03 -0.36 -0.22 <.0001

Diabetes  0.74 0.03 0.68 0.80 <.0001

Diabetes*Post-KAS -0.19 0.06 -0.30 -0.08 0.0009

Dialysis time at waitlist entry 0.08 0.01 0.07 0.09 <.0001

Dialysis time at waitlist 

entry*Post-KAS
0.01 0.01 -0.02 0.03 0.4779

Previous kidney transplant 0.42 0.04 0.35 0.49 <.0001

KAS, Kidney Allocation System
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d) Post-KAS months 24-36 vs. pre-KAS era 

 

  

Parameter Estimate

Standard 

Error 95% LCL 95% UCL P-value

Intercept -3.24 0.03 -3.30 -3.18 <.0001

Post-KAS 0.01 0.05 -0.09 0.11 0.8192

Age <50 years -0.82 0.03 -0.88 -0.75 <.0001

Post-KAS*Age < 50 years -0.03 0.07 -0.18 0.11 0.6451

Supply -0.41 0.03 -0.47 -0.36 <.0001

Female -0.06 0.03 -0.11 -0.01 0.0134

Asian -0.27 0.05 -0.36 -0.18 <.0001

Black -0.24 0.03 -0.29 -0.18 <.0001

Race, Other -0.14 0.09 -0.31 0.03 0.1024

Latino -0.35 0.03 -0.42 -0.28 <.0001

Diabetes  0.75 0.03 0.69 0.81 <.0001

Diabetes*Post-KAS 0.00 0.06 -0.11 0.12 0.9396

Dialysis time at waitlist entry 0.08 0.01 0.07 0.09 <.0001

Dialysis time at waitlist 

entry*Post-KAS
0.01 0.01 -0.02 0.03 0.6684

Previous kidney transplant 0.43 0.04 0.36 0.51 <.0001

KAS, Kidney Allocation System
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Appendix 5. Association between predictor variables and risk of mortality within three 

years of entry on to the transplant waitlist 

 

 

  

Parameter

Parameter 

Estimate

Standard 

Error P-value

Post-KAS 0.53 0.02 <.0001

Transplant -0.61 0.05 <.0001

Post-KAS*Transplant -0.62 0.08 <.0001

Age < 50 years 0.15 0.04 <.0001

Post-KAS*Age < 50 years 0.10 0.04 0.007

Transplant * Age < 50 years -0.05 0.14 0.7079

Post-KAS*Transplant*Age < 50 -0.18 0.19 0.3586

Age at watilist entry 0.05 0.00 <.0001

Supply 0.05 0.02 0.0019

Female -0.08 0.02 <.0001

Asian -0.57 0.03 <.0001

Black -0.38 0.02 <.0001

Race, Other -0.36 0.05 <.0001

Latino -0.47 0.03 <.0001

College Degree 0.13 0.04 0.0003

High School 0.20 0.03 <.0001

Some College 0.19 0.03 <.0001

Unknown Education 0.08 0.05 0.0723

Diabetes 0.57 0.02 <.0001

Peripheral Vascular Disease 0.27 0.02 <.0001

Dialysis years at waitlist entry 0.09 0.01 <.0001

Dialysis years at waitlist 

entry*Post-KAS
0.06 0.01 <.0001

KAS, Kidney Allocation System
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Appendix 6.  Tests of the difference-in-differences assumptions 

We followed the checklist recommended by Ryan, Burgess, and Dimick (2015) to 

test the assumptions of our difference-in-differences (DD) models. The directly testable 

assumptions are: (1) pre- and post-intervention data are available for both the treatment 

and control groups; (2) outcome trends before the intervention are parallel between study 

groups; (3) the baseline outcome level is not correlated with the observed change in 

outcome during later study periods; (4) the composition of study groups does not change 

over the study period; and (5) there are no spillover effects from the treatment to control 

group. Results from the tests of assumptions are described in further detail, below. 

(1) The outcomes included in the DD analyses (DDKT and mortality on the 

waitlist) were observed among all waitlist candidates in both the pre- and post-KAS 

periods.  

(2) We regressed the outcomes of interest (DDKT and mortality on the waitlist) 

on pre-KAS year and the interaction of pre-KAS year and listing type among all 

observations in the pre-KAS period. Results indicate parallel trends in outcomes between 

2011 and the KAS implementation; the year*listing type interaction term is not 

significant. 
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(3) Tests of the association between baseline (pre-KAS) outcomes and trends in 

the post-KAS period identified no significant differences between baseline outcomes and 

the expectation for change in the post-KAS study periods. 

 

Parameter Estimate
Standard 

Error
Z Pr > Z

Intercept -2.82 0.034 -2.89 -2.76 -82.64 <0.001

Year -0.01 0.02 -0.04 0.02 -0.51 0.61

Post-

dialysis
0.19 0.04 0.12 0.27 4.93 <0.001

Year*Post-

dialysis
-0.03 0.02 -0.07 0.004 -1.76 0.079

95% Confidence Limits

Outcome: DDKT 

Analysis of GEE Parameter Estimates

Parameter Estimate
Standard 

Error
Z Pr > Z

Intercept -5.28 0.1 -5.47 -5.08 -53.56 <0.001

Year 0.02 0.05 -0.07 0.11 0.46 0.64

Post-

dialysis
0.75 0.11 0.54 0.97 6.98 <0.001

Year*Post-

dialysis
-0.01 0.05 -0.19 0.002 -1.93 0.054

 Analysis of GEE Parameter Estimates

95% Confidence Limits

Outcome: Mortality on the waitlist

Parameter Estimate
Standard 

Error
Z Pr > Z

Intercept 99.56 0.35 98.88 100.24 288.02 <0.001

Post Year 0.11 0.05 0.0003 0.21 1.97 0.05

DDKT pre -1.5 0.66 -2.8 -0.2 -2.26 0.02

Post Year * 

DDKT pre
0.1 0.11 -0.12 0.32 0.89 0.37

Outcome: DDKT, Preemptive listing

 Analysis of GEE Parameter Estimates

95% Confidence Limits
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Parameter Estimate
Standard 

Error
Z Pr > Z

Intercept 100.03 0.31 99.42 100.65 318.87 <0.001

Post Year 0.03 0.04 -0.05 0.11 0.67 0.5

DDKT pre -0.83 0.88 -2.55 0.89 -0.95 0.34

Post Year * 

DDKT pre
0.09 0.12 -0.14 0.33 0.77 0.44

 Analysis of GEE Parameter Estimates

95% Confidence Limits

Outcome: DDKT, Post-dialysis listing
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(4) Standardized difference scores indicated pre-KAS era candidates were similar 

to post-KAS era candidates across all measured characteristics (Table 1).  

(5) Results from the tests for spillover effects were mixed. Among preemptively 

listed candidates, the KAS was significantly associated with the probability of DDKT but 

not significantly associated with the probability of mortality on the waitlist. We do not 

believe the violation of the spillover effect has a meaningful impact on the DD models 

measuring DDKT; there was a known increase in the total number of donor kidneys 

available in the post-KAS era that likely contributes to the violation of this assumption. 

  

Parameter Estimate
Standard 

Error
Z Pr > Z

Intercept 100.01 0.01 100 100.02 14985.9 <0.001

Post Year -0.0004 0.001 -0.002 0.001 -0.45 0.65

DDKT pre -0.71 0.38 -1.46 0.05 -1.84 0.07

Post Year * 

DDKT pre
-0.02 0.05 -0.12 0.08 -0.42 0.67

Outcome: Mortality on the waitlist, Preemptive listing

 Analysis of GEE Parameter Estimates

95% Confidence Limits

Parameter Estimate
Standard 

Error
Z Pr > Z

Intercept 100 0.01 99.99 100.02 13133.3 <0.001

Post Year 0.002 0.001 0.0003 0.004 2.29 0.02

DDKT pre -0.65 0.27 -1.18 -0.12 -2.39 0.02

Post Year * 

DDKT pre
-0.01 0.03 -0.08 0.05 -0.44 0.66

 Analysis of GEE Parameter Estimates

95% Confidence Limits

Outcome: Mortality on the waitlist, Post-dialysis listing

Parameter Estimate
Standard 

Error
Z Pr > Z

Intercept -3.09 0.07 -3.21 -2.96 -47.02 <0.001

Year 0.1 0.01 0.07 0.12 8.88 <0.001

Post -0.67 0.05 -0.76 -0.58 -14.86 <0.001

Outcome: DDKT, Preemptive listing

 Analysis of GEE Parameter Estimates

95% Confidence Limits
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Parameter Estimate
Standard 

Error
Z Pr > Z

Intercept -5.22 0.144 -5.5 -4.93 -36.03 <0.001

Year -0.01 0.02 -0.05 0.03 -0.57 0.57

Post -0.02 0.08 -0.17 0.14 -0.2 0.84

 Analysis of GEE Parameter Estimates

95% Confidence Limits

Outcome: Mortality on the Waitlist, Preemptive listing
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Appendix 7.  Association between predictor variables and probability of post-dialysis 

entry on to the waitlist 

 

  

Parameter Estimate

Standard 

Error 95% LCL 95% UCL P-value

Intercept 1.16 0.05 1.05 1.26 <.0001

Age <50 years 0.18 0.02 0.14 0.22 <.0001

Post-KAS -0.24 0.03 -0.29 -0.19 <.0001

Age < 50*Post-KAS 0.01 0.02 -0.03 0.06 0.566

Supply -0.14 0.05 -0.23 -0.05 0.0027

Female -0.34 0.01 -0.36 -0.32 <.0001

Asian 0.47 0.03 0.41 0.52 <.0001

Black 1.01 0.02 0.96 1.05 <.0001

Race, Other 0.90 0.07 0.76 1.04 <.0001

Latino 0.71 0.03 0.66 0.75 <.0001

College Degree -1.14 0.04 -1.21 -1.07 <.0001

High School -0.50 0.03 -0.56 -0.44 <.0001

Some College -0.74 0.03 -0.81 -0.67 <.0001

Unknown Education -0.74 0.05 -0.84 -0.65 <.0001

KAS, Kidney Allocation System
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Appendix 8.  Association between predictor variables and average time on dialysis (in 

days) at entry on to the waitlist among post-dialysis candidates 

 

 

  

Parameter Estimate

Standard 

Error 95% LCL 95% UCL P-value

Intercept 6.47 0.02 6.43 6.52 <.0001

Age <50 years 0.22 0.01 0.19 0.24 <.0001

Post-KAS 0.07 0.01 0.05 0.09 <.0001

Age < 50*Post-KAS 0.01 0.01 -0.02 0.04 0.5121

Supply -0.16 0.02 -0.21 -0.12 <.0001

Female 0.04 0.01 0.02 0.05 <.0001

Asian 0.01 0.02 -0.03 0.04 0.731

Black 0.37 0.01 0.36 0.39 <.0001

Race, Other 0.26 0.02 0.22 0.31 <.0001

Latino 0.13 0.01 0.10 0.16 <.0001

College Degree -0.35 0.01 -0.38 -0.33 <.0001

High School -0.16 0.01 -0.18 -0.14 <.0001

Some College -0.26 0.02 -0.29 -0.23 <.0001

Unknown Education -0.21 0.03 -0.26 -0.16 <.0001

KAS, Kidney Allocation System
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Appendix 9.  Association between predictor variables and probability of DDKT in post-

KAS years vs. pre-KAS era 

a) Post-KAS year 1 vs. pre-KAS era 

 

  

Parameter Estimate

Standard 

Error 95% LCL 95% UCL P-value

Intercept -1.49 0.02 -1.53 -1.45 <.0001

Post-KAS -1.03 0.04 -1.10 -0.96 <.0001

Post-dialysis entry 0.08 0.02 0.04 0.11 <.0001

Post-KAS*Post-dialysis entry 0.91 0.04 0.84 0.99 <.0001

Age < 50 -0.21 0.02 -0.24 -0.18 <.0001

Post-KAS*Age < 50 0.33 0.03 0.27 0.39 <.0001

Supply 0.46 0.01 0.43 0.48 <.0001

Female 0.01 0.01 -0.02 0.04 0.4452

Diabetes -0.31 0.02 -0.34 -0.27 <.0001

Post-KAS*Diabetes -0.20 0.03 -0.26 -0.14 <.0001

Previous kidney transplant -0.23 0.02 -0.27 -0.19 <.0001

DDKT, deceased donor kidney transplant; KAS, Kidney Allocation System
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b) Post-KAS years 2-4 vs. pre-KAS era 

 

  

Parameter Estimate

Standard 

Error 95% LCL 95% UCL P-value

Intercept -1.55 0.02 -1.58 -1.51 <.0001

Post-KAS -0.27 0.02 -0.32 -0.22 <.0001

Post-dialysis entry 0.08 0.02 0.05 0.12 <.0001

Post-KAS*Post-dialysis entry 0.86 0.03 0.81 0.91 <.0001

Age < 50 -0.22 0.02 -0.25 -0.18 <.0001

Post-KAS*Age < 50 0.22 0.02 0.17 0.26 <.0001

Supply 0.50 0.01 0.48 0.52 <.0001

Female 0.07 0.01 0.05 0.09 <.0001

Diabetes -0.30 0.02 -0.33 -0.26 <.0001

Post-KAS*Diabetes -0.30 0.03 -0.35 -0.25 <.0001

Previous kidney transplant -0.18 0.02 -0.22 -0.14 <.0001

DDKT, deceased donor kidney transplant; KAS, Kidney Allocation System
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Appendix 10.  Association between predictor variables and probability of mortaliy on the 

waitlist in post-KAS years vs. pre-KAS era 

a) Post-KAS year 1 vs. pre-KAS era 

 

  

Parameter Estimate

Standard 

Error 95% LCL 95% UCL P-value

Intercept -3.61 0.04 -3.68 -3.53 <.0001

Post-KAS 0.02 0.07 -0.11 0.15 0.7755

Post-dialysis entry 0.42 0.04 0.35 0.49 <.0001

Post-KAS*Post-dialysis entry 0.07 0.07 -0.06 0.21 0.3019

Age < 50 -0.86 0.03 -0.92 -0.79 <.0001

Post-KAS*Age < 50 0.03 0.07 -0.10 0.16 0.6779

Supply -0.35 0.03 -0.41 -0.30 <.0001

Female -0.05 0.02 -0.10 0.00 0.0335

Diabetes 0.67 0.03 0.61 0.72 <.0001

Post-KAS*Diabetes -0.14 0.06 -0.25 -0.03 0.0143

Previous kidney transplant 0.47 0.04 0.40 0.54 <.0001

KAS, Kidney Allocation System



 136 

b) Post-KAS years 2-4 vs. pre-KAS era 

 

 

  

Parameter Estimate

Standard 

Error 95% LCL 95% UCL P-value

Intercept -3.60 0.04 -3.67 -3.53 <.0001

Post-KAS 0.05 0.05 -0.04 0.15 0.2728

Post-dialysis entry 0.42 0.04 0.35 0.49 <.0001

Post-KAS*Post-dialysis entry 0.11 0.05 0.01 0.21 0.0274

Age < 50 -0.86 0.03 -0.92 -0.79 <.0001

Post-KAS*Age < 50 -0.15 0.05 -0.25 -0.06 0.002

Supply -0.35 0.02 -0.40 -0.31 <.0001

Female -0.07 0.02 -0.11 -0.03 0.0008

Diabetes 0.67 0.03 0.61 0.72 <.0001

Post-KAS*Diabetes -0.05 0.04 -0.14 0.03 0.1923

Previous kidney transplant 0.48 0.03 0.42 0.54 <.0001

KAS, Kidney Allocation System
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Appendix 11.  Association between predictor variables and risk of mortality within four 

years of entry on to the transplant waitlist 

 

  

Parameter

Parameter 

Estimate

Standard 

Error P-value

Post-KAS 0.53 0.02 <.0001

Transplant -0.61 0.05 <.0001

Post-KAS*Transplant -0.62 0.08 <.0001

Post-dialysis entry 0.15 0.04 <.0001

Post-KAS*Post-dialysis entry 0.10 0.04 0.007

Transplant * Post-dialysis entry -0.05 0.14 0.7079

Post-KAS*Transplant*Post-

dialysis entry
-0.18 0.19 0.3586

Age < 50 0.05 0.00 <.0001

Post-KAS*Age < 50 0.05 0.02 0.0019

Supply -0.08 0.02 <.0001

Female -0.57 0.03 <.0001

Latino -0.38 0.02 <.0001

College Degree -0.36 0.05 <.0001

High School -0.47 0.03 <.0001

Some College 0.13 0.04 0.0003

Unknown Education 0.20 0.03 <.0001

Diabetes 0.19 0.03 <.0001

Post-KAS*Diabetes 0.08 0.05 0.0723

Peripheral Vascular Disease 0.57 0.02 <.0001

Dialysis years at waitlist entry 0.27 0.02 <.0001

Dialysis years at waitlist 

entry*Post-KAS
0.09 0.01 <.0001

KAS, Kidney Allocation System
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Appendix 12.  Association between predictor variables and probability of DDKT from a 

standard probit model 

 

Parameter Estimate

Standard 

Error 95% LCL 95% UCL P-value

Intercept -0.81 0.02 -0.85 -0.78 0.000

Age 18-34 0.03 0.03 -0.03 0.08 0.32

Age 35-49 0.06 0.02 0.02 0.09 0.001

Post-KAS -0.42 0.02 -0.45 -0.39 0.000

Age 18-34*Post-KAS 0.25 0.04 0.17 0.33 0.000

Age 35-49*Post-KAS 0.06 0.03 0.01 0.12 0.021

Post-dialysis entry -0.04 0.01 -0.07 -0.02 0.001

Age 18-34*Post-dialysis entry 0.05 0.03 -0.01 0.11 0.075

Age 35-49*Post-dialysis entry -0.03 0.02 -0.07 0.01 0.190

Post-KAS*Post-dialysis entry 0.43 0.02 0.39 0.47 0.000

Age 18-34*Post-dialysis 

entry*Post-KAS
-0.10 0.05 -0.18 -0.01 0.034

Age 35-49*Post-dialysis 

entry*Post-KAS
-0.04 0.03 -0.11 0.02 0.163

High cPRA -0.77 0.06 -0.88 -0.65 0.000

Age 18-34*High cPRA -0.01 0.10 -0.20 0.18 0.934

Age 35-49*High cPRA -0.04 0.08 -0.19 0.12 0.642

Post-KAS*High cPRA 1.27 0.07 1.13 1.41 0.000

Age 18-34*High cPRA*Post-

KAS -0.14 0.12 -0.38 0.10 0.247

Age 18-34*High cPRA*Post-

KAS -0.07 0.10 -0.27 0.13 0.481

Post-dialysis entry*High cPRA -0.05 0.07 -0.18 0.08 0.479

Age 18-34*Post-dialysis 

entry*High cPRA 0.10 0.11 -0.12 0.31 0.376

Age 35-49*Post-dialysis 

entry*High cPRA 0.07 0.09 -0.11 0.25 0.446

Post-KAS*Post-dialysis 

entry*High cPRA -0.42 0.08 -0.59 -0.26 0.000

Age 18-34*Post-KAS*Post-

dialysis entry*High cPRA -0.03 0.14 -0.30 0.24 0.838

Age 35-49*Post-KAS*Post-

dialysis entry*High cPRA 0.06 0.11 -0.16 0.29 0.586

continued
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Parameter Estimate

Standard 

Error 95% LCL 95% UCL P-value

Employed at waitlist entry 0.08 0.01 0.07 0.10 0.000

Years on the waitlist 0.02 0.00 0.01 0.02 0.000

Female 0.01 0.01 0.00 0.02 0.037

Latino -0.02 0.01 -0.03 0.00 0.018

Supply 0.28 0.01 0.27 0.29 0.000

College degree -0.01 0.01 -0.04 0.01 0.298

High school -0.04 0.01 -0.07 -0.20 0.000

Some college -0.04 0.01 -0.06 -0.15 0.002

Unknown education -0.26 0.02 -0.29 -0.22 0.000

Diabetes -0.28 0.01 -0.29 -0.26 0.000

Public insurance 0.01 0.01 0.00 0.02 0.180

Previous kidney transplant 0.02 0.01 0.00 0.04 0.039

cPRA, calculated panel-reactive antibody; DDKT, deceased donor kidney transplant; KAS, 

Kidney Allocation System

Appendix 12, continued
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Appendix 13.  Association between predictor variables and probability of employment 1-

year after DDKT from a standard probit model 

 

  

Parameter Estimate

Standard 

Error 95% LCL 95% UCL P-value

Intercept -1.03 0.06 -1.14 -0.92 0.000

Age 18-34 0.38 0.06 0.27 0.50 0.000

Age 35-49 0.38 0.04 0.31 0.46 0.000

Post-KAS -0.02 0.04 -0.10 0.05 0.534

Age 18-34*Post-KAS 0.08 0.08 -0.08 0.24 0.336

Age 35-49*Post-KAS -0.08 0.06 -0.19 0.03 0.156

Post-dialysis entry -0.03 0.03 -0.09 0.03 0.363

Age 18-34*Post-dialysis entry 0.20 0.07 0.07 0.33 0.003

Age 35-49*Post-dialysis entry -0.07 0.05 -0.16 0.02 0.147

Post-dialysis entry*Post-KAS -0.01 0.05 -0.10 0.07 0.748

Age 18-34*Post-dialysis 

entry*Post-KAS
-0.01 0.09 -0.19 0.17 0.930

Age 35-49*Post-dialysis 

entry*Post-KAS
0.18 0.07 0.05 0.31 0.008

Employed at waitlist entry 1.12 0.02 1.09 1.15 0.000

Dialysis years at transplant -0.01 0.00 -0.02 -0.01 0.000

Years on the waitlist before 

transplant -0.02 0.00 -0.03 -0.01 0.000

Female -0.13 0.01 -0.16 -0.11 0.000

College degree 0.28 0.04 0.20 0.35 0.000

High school 0.11 0.03 0.04 0.17 0.002

Some college 0.17 0.04 0.10 0.24 0.000

Unknown education 0.29 0.05 0.19 0.39 0.000

State unemployment rate -0.04 0.01 -0.05 -0.03 0.000

Diabetes -0.20 0.02 -0.23 -0.16 0.000

Public insurance -0.25 0.02 -0.28 -0.21 0.000

Latino -0.02 0.02 -0.06 0.03 0.478

Asian 0.00 0.03 -0.05 0.06 0.939

Black -0.05 0.02 -0.08 -0.02 0.003

Race, other -0.03 0.05 -0.13 0.07 0.584

Previous kidney transplant 0.06 0.02 0.02 0.10 0.003

DDKT, deceased donor kidney transplant; KAS, Kidney Allocation System
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Appendix 14.  Association between predictor variables and probabilities of DDKT and 

employment from a sample selection model 

a) Probability of DDKT 

 

  

Parameter Estimate

Standard 

Error 95% LCL 95% UCL P-value

Intercept -0.84 0.02 -0.87 -0.80 0.000

Age 18-34 0.02 0.03 -0.03 0.08 0.366

Age 35-49 0.06 0.02 0.03 0.10 0.000

Post-KAS -0.41 0.02 -0.44 -0.38 0.000

Age 18-34*Post-KAS 0.25 0.04 0.17 0.33 0.000

Age 35-49*Post-KAS 0.06 0.03 0.01 0.12 0.019

Post-dialysis entry -0.05 0.01 -0.08 -0.03 0.000

Age 18-34*Post-dialysis entry 0.07 0.03 0.00 0.13 0.035

Age 35-49*Post-dialysis entry -0.03 0.02 -0.07 0.01 0.161

Post-KAS*Post-dialysis entry 0.42 0.02 0.38 0.46 0.000

Age 18-34*Post-dialysis 

entry*Post-KAS
-0.09 0.05 -0.18 0.00 0.049

Age 35-49*Post-dialysis 

entry*Post-KAS
-0.03 0.03 -0.10 0.03 0.276

High cPRA -0.75 0.06 -0.87 -0.64 0.000

Age 18-34*High cPRA -0.03 0.10 -0.22 0.16 0.756

Age 35-49*High cPRA -0.04 0.08 -0.20 0.12 0.605

Post-KAS*High cPRA 1.26 0.07 1.11 1.40 0.000

Age 18-34*High cPRA*Post-

KAS -0.13 0.12 -0.37 0.11 0.294

Age 35-49*High cPRA*Post-

KAS -0.06 0.10 -0.26 0.14 0.543

Post-dialysis entry*High cPRA -0.05 0.07 -0.18 0.09 0.507

Age 18-34*Post-dialysis 

entry*High cPRA 0.12 0.11 -0.10 0.34 0.280

Age 18-34*Post-dialysis 

entry*High cPRA 0.08 0.09 -0.11 0.26 0.404

Post-KAS*Post-dialysis 

entry*High cPRA -0.42 0.08 -0.58 -0.25 0.000

continued
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Parameter Estimate

Standard 

Error 95% LCL 95% UCL P-value

Age 18-34*Post-KAS*Post-

dialysis entry*High cPRA -0.04 0.14 -0.31 0.24 0.790

Age 35-49*Post-KAS*Post-

dialysis entry*High cPRA 0.05 0.12 -0.18 0.28 0.679

Employed at waitlist entry 0.08 0.01 0.07 0.10 0.000

Years on the waitlist 0.01 0.00 0.01 0.02 0.000

Female 0.01 0.01 0.00 0.03 0.023

Latino -0.01 0.01 -0.03 0.01 0.230

Supply 0.28 0.01 0.27 0.29 0.000

College degree -0.02 0.01 -0.05 0.01 0.163

High school -0.05 0.01 -0.07 -0.02 0.000

Some college -0.05 0.01 -0.07 -0.02 0.000

Unknown education -0.26 0.02 -0.29 -0.22 0.000

Diabetes -0.28 0.01 -0.30 -0.27 0.000

Public insurance 0.01 0.01 -0.01 0.02 0.380

Previous kidney transplant 0.01 0.01 -0.01 0.03 0.373

/atrho 0.39 0.05 0.03 0.49 0.000

rho 0.37 0.05 0.27 0.45 0.000

Appendix 14a, continued

cPRA, calculated panel-reactive antibody; DDKT, deceased donor kidney transplant; KAS, 

Kidney Allocation System
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b) Probability of employment 1-year after DDKT 

 

  

Parameter Estimate

Standard 

Error 95% LCL 95% UCL P-value

Intercept -1.42 0.07 -1.55 -1.28 0.000

Age 18-34 0.37 0.06 0.26 0.47 0.000

Age 35-49 0.38 0.04 0.31 0.45 0.000

Post-KAS -0.13 0.04 -0.20 -0.05 0.001

Age 18-34*Post-KAS 0.16 0.08 0.01 0.32 0.039

Age 35-49*Post-KAS -0.04 0.05 -0.15 0.06 0.405

Post-dialysis entry -0.04 0.03 -0.10 0.02 0.183

Age 18-34*Post-dialysis entry 0.21 0.06 0.08 0.33 0.001

Age 35-49*Post-dialysis entry -0.07 0.04 -0.16 0.02 0.112

Post-dialysis entry*Post-KAS 0.09 0.05 0.00 0.18 0.043

Age 18-34*Post-dialysis 

entry*Post-KAS
-0.04 0.09 -0.22 0.13 0.619

Age 35-49*Post-dialysis 

entry*Post-KAS
0.16 0.06 0.03 0.28 0.016

Employed at waitlist entry 1.08 0.02 1.05 1.12 0.000

Dialysis years at transplant -0.01 0.00 -0.02 -0.01 0.000

Years on the waitlist before 

transplant -0.02 0.00 -0.03 -0.01 0.000

Female -0.13 0.01 -0.15 -0.10 0.000

College degree 0.26 0.04 0.19 0.33 0.000

High school 0.09 0.03 0.02 0.15 0.007

Some college 0.15 0.03 0.08 0.22 0.000

Unknown education 0.20 0.05 0.11 0.30 0.000

State unemployment rate -0.04 0.01 -0.05 -0.03 0.000

Diabetes -0.27 0.02 -0.30 -0.23 0.000

Public insurance -0.23 0.02 -0.26 -0.20 0.000

Latino -0.03 0.02 -0.08 0.01 0.107

Asian -0.01 0.03 -0.07 0.04 0.589

Black -0.06 0.02 -0.09 -0.02 0.001

Race, other -0.03 0.05 -0.12 0.07 0.589

Previous kidney transplant 0.05 0.02 0.01 0.09 0.007

DDKT, deceased donor kidney transplant; KAS, Kidney Allocation System
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Appendix 15.  Probability of DDKT, death, and removal from the waitlist among patient 

subgroups on the kidney transplant waitlist in 2013 

 

  

Cohort Group
DDKT Dead

Removal from 

waitlist

Aged 18-34, Pre-dialysis

  Waitlist year 1 8.1% 1.0% 3.1%

  Waitlist year 2 8.9% 0.3% 2.9%

  Waitlist year 3 19.2% 1.0% 5.8%

  Waitlist year 4 17.0% 0.6% 4.4%

  Waitlist year 5 12.3% 2.8% 5.1%

Aged 18-34, Dialysis Year 1

  Waitlist year 1 4.1% 0.6% 2.0%

  Waitlist year 2 0.0% 0.0% 0.0%

  Waitlist year 3 0.0% 0.0% 0.0%

  Waitlist year 4 0.0% 0.0% 8.3%

  Waitlist year 5 0.0% 0.0% 0.0%

Aged 18-34, Dialysis Year 2

  Waitlist year 1 6.7% 0.9% 2.1%

  Waitlist year 2 2.4% 0.0% 0.9%

  Waitlist year 3 2.2% 0.0% 0.0%

  Waitlist year 4 0.0% 0.0% 0.0%

  Waitlist year 5 0.0% 0.0% 0.0%

Aged 18-34, Dialysis Year 3

  Waitlist year 1 10.3% 3.2% 0.8%

  Waitlist year 2 6.9% 2.1% 2.9%

  Waitlist year 3 2.5% 0.3% 0.5%

  Waitlist year 4 2.6% 0.0% 5.1%

  Waitlist year 5 0.0% 0.0% 0.0%

Aged 18-34, Dialysis Year 4

  Waitlist year 1 13.9% 0.9% 4.3%

  Waitlist year 2 11.4% 1.7% 4.7%

  Waitlist year 3 10.6% 1.2% 2.7%

  Waitlist year 4 6.4% 0.8% 0.4%

  Waitlist year 5 0.0% 0.0% 0.0%

continued

2013 Event Probabilities
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Appendix 15, continued

Cohort Group
DDKT Dead

Removal from 

waitlist

Aged 18-34, Dialysis Year 5

  Waitlist year 1 17.5% 1.9% 2.3%

  Waitlist year 2 10.6% 3.4% 4.4%

  Waitlist year 3 14.6% 2.5% 4.9%

  Waitlist year 4 11.3% 1.8% 4.3%

  Waitlist year 5 10.1% 1.9% 4.2%

Aged 35-49, Pre-dialysis

  Waitlist year 1 7.4% 1.9% 2.5%

  Waitlist year 2 8.8% 2.2% 2.9%

  Waitlist year 3 12.6% 3.4% 4.8%

  Waitlist year 4 16.0% 2.9% 5.2%

  Waitlist year 5 16.1% 5.0% 6.6%

Aged 35-49, Dialysis Year 1

  Waitlist year 1 3.1% 1.2% 1.2%

  Waitlist year 2 0.4% 0.0% 0.0%

  Waitlist year 3 0.0% 0.0% 0.0%

  Waitlist year 4 0.0% 2.6% 0.0%

  Waitlist year 5 0.0% 0.0% 0.0%

Aged 35-49, Dialysis Year 2

  Waitlist year 1 4.8% 1.7% 2.6%

  Waitlist year 2 3.0% 1.1% 0.7%

  Waitlist year 3 1.3% 0.0% 0.0%

  Waitlist year 4 0.0% 0.0% 0.0%

  Waitlist year 5 0.0% 0.0% 0.0%

Aged 35-49, Dialysis Year 3

  Waitlist year 1 7.7% 3.7% 3.2%

  Waitlist year 2 5.0% 2.5% 3.0%

  Waitlist year 3 3.3% 0.9% 0.8%

  Waitlist year 4 0.0% 0.8% 0.8%

  Waitlist year 5 1.4% 1.4% 1.4%

Aged 35-49, Dialysis Year 4

  Waitlist year 1 15.9% 4.8% 2.4%

  Waitlist year 2 8.4% 4.5% 4.3%

  Waitlist year 3 7.6% 2.8% 3.5%

  Waitlist year 4 4.3% 1.0% 1.6%

  Waitlist year 5 1.0% 1.0% 0.0%

continued
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Appendix 15, continued

Cohort Group
DDKT Dead

Removal from 

waitlist

Aged 35-49, Dialysis Year 5

  Waitlist year 1 19.0% 4.3% 2.6%

  Waitlist year 2 8.8% 4.4% 5.1%

  Waitlist year 3 12.2% 4.5% 6.4%

  Waitlist year 4 12.7% 4.0% 5.5%

  Waitlist year 5 9.4% 3.3% 5.1%

Aged 50-64, Pre-dialysis

  Waitlist year 1 9.4% 4.2% 3.3%

  Waitlist year 2 10.0% 3.5% 3.8%

  Waitlist year 3 15.6% 3.8% 4.9%

  Waitlist year 4 18.4% 4.5% 5.3%

  Waitlist year 5 16.8% 6.5% 9.0%

Aged 50-64, Dialysis Year 1

  Waitlist year 1 5.5% 2.7% 1.6%

  Waitlist year 2 1.2% 0.0% 0.2%

  Waitlist year 3 0.5% 0.0% 0.0%

  Waitlist year 4 0.0% 0.0% 0.0%

  Waitlist year 5 3.4% 0.0% 0.0%

Aged 50-64, Dialysis Year 2

  Waitlist year 1 6.2% 2.8% 2.4%

  Waitlist year 2 2.4% 0.9% 0.8%

  Waitlist year 3 0.9% 0.3% 0.0%

  Waitlist year 4 0.0% 0.0% 0.8%

  Waitlist year 5 8.4% 0.0% 1.2%

Aged 50-64, Dialysis Year 3

  Waitlist year 1 10.1% 5.1% 3.0%

  Waitlist year 2 5.8% 3.3% 3.4%

  Waitlist year 3 3.4% 1.0% 1.4%

  Waitlist year 4 1.2% 0.4% 0.8%

  Waitlist year 5 5.0% 0.8% 0.8%

Aged 50-64, Dialysis Year 4

  Waitlist year 1 9.9% 7.2% 2.9%

  Waitlist year 2 9.7% 5.6% 6.0%

  Waitlist year 3 8.2% 3.6% 5.1%

  Waitlist year 4 3.8% 2.3% 2.8%

  Waitlist year 5 1.7% 1.3% 0.4%

continued
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Appendix 15, continued

Cohort Group
DDKT Dead

Removal from 

waitlist

Aged 50-64, Dialysis Year 5

  Waitlist year 1 21.4% 5.0% 2.5%

  Waitlist year 2 10.3% 6.8% 6.1%

  Waitlist year 3 12.6% 7.0% 8.9%

  Waitlist year 4 11.9% 7.3% 7.1%

  Waitlist year 5 8.8% 5.3% 7.7%

Aged 65+, Pre-dialysis

  Waitlist year 1 10.1% 4.2% 3.5%

  Waitlist year 2 8.9% 4.0% 7.0%

  Waitlist year 3 15.8% 5.0% 9.5%

  Waitlist year 4 13.5% 6.4% 11.4%

  Waitlist year 5 11.1% 8.8% 15.2%

Aged 65+, Dialysis Year 1

  Waitlist year 1 4.0% 1.6% 1.0%

  Waitlist year 2 0.4% 0.0% 0.0%

  Waitlist year 3 0.0% 0.9% 0.0%

  Waitlist year 4 0.0% 0.0% 0.0%

  Waitlist year 5 2.2% 0.0% 0.0%

Aged 65+, Dialysis Year 2

  Waitlist year 1 8.7% 4.3% 2.7%

  Waitlist year 2 2.6% 1.3% 1.1%

  Waitlist year 3 0.6% 0.0% 1.2%

  Waitlist year 4 0.0% 0.0% 1.6%

  Waitlist year 5 2.1% 0.0% 0.0%

Aged 65+, Dialysis Year 3

  Waitlist year 1 11.4% 7.0% 5.1%

  Waitlist year 2 7.1% 5.0% 7.9%

  Waitlist year 3 4.6% 1.9% 1.9%

  Waitlist year 4 1.0% 1.0% 1.9%

  Waitlist year 5 1.0% 0.0% 2.9%

Aged 65+, Dialysis Year 4

  Waitlist year 1 17.1% 7.0% 6.7%

  Waitlist year 2 11.7% 8.5% 12.8%

  Waitlist year 3 8.1% 6.8% 8.5%

  Waitlist year 4 4.6% 3.4% 2.4%

  Waitlist year 5 2.3% 0.8% 3.1%

continued
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Appendix 15, continued

Cohort Group
DDKT Dead

Removal from 

waitlist

Aged 65+, Dialysis Year 5

  Waitlist year 1 18.0% 6.4% 7.0%

  Waitlist year 2 10.5% 8.1% 11.3%

  Waitlist year 3 11.6% 9.6% 16.4%

  Waitlist year 4 12.4% 9.6% 14.2%

  Waitlist year 5 7.4% 8.7% 14.9%

DDKT, deceased donor kidney transplant
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Appendix 16.  Counts of patients new to the kidney transplant waitlist by year and 

subgroup 

 

  

Patient Subgroup 2012 2013 2014 2015 2016 2017 2018

Aged 18-34

  Pre-dialysis 483    464    500    596    643    749    918    

  Dialysis year 1 573    646    567    479    465    483    492    

  Dialysis year 2 804    856    872    748    779    810    837    

  Dialysis year 3 386    406    391    381    415    407    406    

  Dialysis year 4 223    261    231    227    232    212    245    

  Dialysis year 5 484    492    503    582    548    504    576    

Aged 35-49

  Pre-dialysis 1,388 1,409 1,666 1,770 1,826 1,988 2,386 

  Dialysis year 1 1,274 1,408 1,325 1,149 1,131 1,076 1,005 

  Dialysis year 2 1,918 2,003 1,926 1,842 1,783 1,770 1,794 

  Dialysis year 3 993    1,008 922    874    930    1,002 1,004 

  Dialysis year 4 552    556    512    537    526    569    577    

  Dialysis year 5 1,255 1,389 1,401 1,397 1,284 1,391 1,502 

Aged 50-64

  Pre-dialysis 3,069 3,177 3,455 3,574 3,749 4,055 4,549 

  Dialysis year 1 2,209 2,288 2,114 1,790 1,781 1,620 1,482 

  Dialysis year 2 3,126 3,323 3,230 2,901 3,068 2,763 2,975 

  Dialysis year 3 1,639 1,816 1,695 1,550 1,724 1,711 1,690 

  Dialysis year 4 959    977    976    838    908    965    1,074 

  Dialysis year 5 1,883 1,931 1,829 1,829 1,855 1,966 2,082 

Aged 65+

  Pre-dialysis 1,571 1,691 1,848 1,900 1,978 2,189 2,683 

  Dialysis year 1 794    965    812    794    730    712    656    

  Dialysis year 2 1,216 1,303 1,308 1,267 1,332 1,348 1,318 

  Dialysis year 3 671    710    667    651    676    723    834    

  Dialysis year 4 338    349    379    323    398    404    468    

  Dialysis year 5 529    589    567    589    612    619    745    

Calendar Year
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Appendix 17.  Model verification 

Model verification was conducted by comparing the modeled years 2011-2018 to 

the data observed in the SRTR database and OPTN/SRTR Annual Data Reports from the 

same time period16,18,19,54,61–64.  

The total count of modeled DDKTs matched the total count of actual DDKTs 

within 1.8% each year. The total counts of actual and modeled counts of DDKTs are 

depicted below.  

 

 

Overall, the modeled count of transplants was a close match to the actual data. 

The largest variation in modeled and actual transplant counts was among pre-dialysis 

DDKT recipients aged 65 and older, pictured below. 
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Actual and modeled counts of deceased donor kidney transplants (DDKTs) by year and 

patient subgroup. Solid lines indicate actual values, dashed lines indicate modeled values. 

Gray lines represent pre-dialysis patients, black lines represent post-dialysis patients.  
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Modeled counts of removals from the waitlist by year were compared to the 

annual count of removals reported in the SRTR/OPTN annual reports. The total count of 

modeled removals from the waitlist matched the total count of actual removals from the 

waitlist within 1.5% each year. 

 

Comparison of actual versus modeled count of removals from the waitlist by year, 2011-

2018 
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Modeled counts of deaths on the waitlist by year were compared to the annual 

count of deaths reported in the SRTR/OPTN annual reports (Figure 4). The total count of 

modeled deaths matched the total count of actual deaths within 1.6% each year. 

 

Comparison of actual versus modeled count of deaths on the waitlist by year, 2011-2018 
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Appendix 18.  Results from scenario analysis testing long-term post-KAS probabilities 

assumption 

a) KAS and counterfactual model estimates for mortality on the waitlist and life 

years by study time period and patient subgroup, with 2017 post-KAS 

probabilities applied through the extrapolation period 

 

  

  KAS  Counterfactual 

Percent 

change 

Net 

difference 

  Extrapolated period 
Waitlist deaths, 

aged 18-34 1,130 1,195 -5.75% -65 

Waitlist deaths, 

aged 35-49 5,262 5,448 -3.53% -186 

Waitlist deaths, 
aged 50-64 12,133 12,195 -0.51% -62 

Waitlist deaths, 

aged 65+ 13,201 12,400 6.07% 801 

Total Life Years 1,439,331 1,437,521 0.13% 1,810 

  Total modeled time 
Waitlist deaths, 

aged 18-34 1,809 1,890 -4.48% -81 

Waitlist deaths, 

aged 35-49 8,557 8,783 -2.64% -226 

Waitlist deaths, 
aged 50-64 20,292 20,331 -0.19% -39 

Waitlist deaths, 

aged 65+ 19,551 18,645 4.63% 906 

Total Life Years 2,197,864 2,195,975 0.09% 1,889 
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b) KAS and counterfactual model estimates for mortality on the waitlist and life 

years by study time period and patient subgroup, with averaged post-KAS 

probabilities applied through the extrapolation period  

 

  

  KAS  Counterfactual 

Percent 

change 

Net 

difference 

  Extrapolated period 
Waitlist deaths, 

aged 18-34 1,100 1,195 -8.64% -95 

Waitlist deaths, 

aged 35-49 5,208 5,448 -4.61% -240 

Waitlist deaths, 
aged 50-64 12,152 12,195 -0.35% -43 

Waitlist deaths, 

aged 65+ 13,063 12,400 5.08% 663 

Total Life Years 1,438,922 1,437,521 0.10% 1,401 

  Total modeled time 

Waitlist deaths, 
aged 18-34 1,779 1,890 -6.24% -111 

Waitlist deaths, 

aged 35-49 8,503 8,783 -3.29% -280 

Waitlist deaths, 

aged 50-64 20,311 20,331 -0.10% -20 
Waitlist deaths, 

aged 65+ 19,413 18,645 3.96% 768 

Total Life Years 2,197,455 2,195,975 0.07% 1,480 
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c) KAS and counterfactual model estimates of DDKT by study time period and 

patient subgroup, with 2017 post-KAS probabilities applied through the 

extrapolation period 

 

  

  KAS Counterfactual Percent Change Net difference 

  Extrapolated period (2019-2081) 

Pre-Dialysis Patients   

Age 18-34 616 598 2.92% 18 

Age 35-49 1,650 1,612 2.30% 38 

Age 50-64 3,071 3,019 1.69% 52 

Age 65+ 1,854 1,827 1.46% 27 

Post-Dialysis Patients         

Age 18-34 6,594 6,496 1.49% 98 

Age 35-49 15,244 15,059 1.21% 185 

Age 50-64 20,555 20,603 -0.23% -48 

Age 65+ 9,800 11,635 -18.72% -1,835 

Total 59,384 60,849 -2.47% -1,465 

  Total modeled time (2015-2081) 

Pre-Dialysis Patients         

Age 18-34 1,508 1,418 5.97% 90 

Age 35-49 4,297 4,076 5.14% 221 

Age 50-64 8,119 8,182 -0.78% -63 

Age 65+ 4,945 4,764 3.66% 181 

Post-Dialysis Patients         

Age 18-34 11,797 11,250 4.64% 547 

Age 35-49 26,565 25,796 2.89% 769 

Age 50-64 37,362 37,516 -0.41% -154 

Age 65+ 16,951 19,992 -17.94% -3,041 

Total 111,544 112,994 -1.30% -1,450 

DDKT, deceased donor kidney transplant; KAS, Kidney Allocation System 
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d) KAS and counterfactual model estimates for DDKT by study time period and 

patient subgroup, with averaged post-KAS probabilities applied throughout the 

extrapolation period 

 

  KAS Counterfactual Percent Change Net difference 

  Extrapolated period (2019-2081) 

Pre-Dialysis Patients   

Age 18-34 602 598 0.66% 4 

Age 35-49 1,597 1,612 -0.94% -15 

Age 50-64 2,919 3,019 -3.43% -100 

Age 65+ 1,783 1,827 -2.47% -44 

Post-Dialysis Patients         

Age 18-34 6,824 6,496 4.81% 328 

Age 35-49 15,491 15,059 2.79% 432 

Age 50-64 20,526 20,603 -0.38% -77 

Age 65+ 10,299 11,635 -12.97% -1,336 

Total 60,041 60,849 -1.35% -808 

  Total modeled time (2015-2081) 

Pre-Dialysis Patients         

Age 18-34 1,494 1,418 5.09% 76 

Age 35-49 4,244 4,076 3.96% 168 

Age 50-64 7,967 8,182 -2.70% -215 

Age 65+ 4,874 4,764 2.26% 110 

Post-Dialysis Patients         

Age 18-34 12,027 11,250 6.46% 777 

Age 35-49 26,812 25,796 3.79% 1,016 

Age 50-64 37,333 37,516 -0.49% -183 

Age 65+ 17,450 19,992 -14.57% -2,542 

Total 112,201 112,994 -0.71% -793 

DDKT, deceased donor kidney transplant; KAS, Kidney Allocation System 

  

  
  

 


