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Background
Kidney transplantation increases both quality of life and survival for patients with end-stage kidney disease1 (ESKD). Compared to long-term dialysis, kidney transplantation is also more cost-effective2. However, access to transplantation is challenging for candidates with high calculated panel reactive antibody (cPRA), which can be secondary to multiple blood transfusions, previous solid organ/bone marrow transplantation, or prior pregnancy3,4.

A new Kidney Allocation System (KAS) was implemented in December 2014 which prioritizes candidates with a cPRA ≥ 98% and broadens local, regional, and national donor sharing for candidates with a cPRA ≥ 99%5. Israni et al. reported a resulting gain of 9,130 life-years of patient survival and 2,750 years of allograft survival based on a simulation of 11,000 transplants per year using this new KAS. However, despite these theoretical benefits, the deceased donor kidney transplant rate (DDKT) for candidates with cPRA of 100%3,6 remains low. In addition, Gebel et al. reported that approximately a quarter of candidates with cPRA of 100% are unlikely to ever receive a single offer, even though nearly 20% of deceased donors were theoretically compatible with these candidates based on prior simulation7. These data strongly support the need for further understanding of disparities in access to DDKT among very high cPRA candidates even within the revamped KAS. 

Highly sensitized candidates are more frequently women who are awaiting a second kidney transplant due to sensitization from pregnancies. Although women historically are more likely to serve as living donors8, they also have lower rates of access to deceased or living donor kidney transplantation compared with men, regardless of race and socio-demographic factors8-14. This disparity can be explained by a lower likelihood of receiving offers because of increased sensitization rates, or a lower likelihood of having a spouse or partner who is a match due to sensitization from pregnancies. A recent retrospective cohort study demonstrated significant gender disparities related to the cause of ESKD based on the United States Renal Data System (USRDS) database15. However, no study has focused on gender disparities in access to a second DDKT among high cPRA candidates and changes in this access implementation of the new KAS. We will conduct a retrospective cohort study to investigate gender disparities among sensitized individuals in their access to a second DDKT. Additionally, we will examine how the KAS policy modifies gender disparities by comparing pre-KAS period (2011-2014) to post-KAS period (2015-2018) trends in access to kidney transplantation in highly-sensitized women.

Significance
According to the Organ Procurement and Transplantation Network/Scientific Registry of Transplant Recipients (OPTN/SRTR) in 2019, there has been a decrease in the percentage of high cPRA (> 80%) candidates on the waiting list over time (16.7% in 2009 vs 15.5% in 2014 vs 12% in 2019)16. Additionally, a higher percentage of candidates with prior kidney transplants received DDKT17. These data demonstrated the impact of changes to the KAS in high cPRA candidates. However, after stratifying these data into high cPRA sub-groups, several studies showed a significant lower rate of DDKT in the group with cPRA of 100% 3,6. Black women made up the largest group (27%) of cPRA 100%7. Of those waitlisted for a second DDKT, 60% were highly sensitized18. Without the benefits from a sliding-scale points system, highly-sensitized candidates may face dramatic disadvantages in their receipt of a DDKT, similar to those during pre-KAS period. Strikingly, a cPRA 100% candidate could wait up to 4,969 days (approximately 13 years) to receive an offer18. Contributing to the disparities in access in women may be the interim occurrence of pregnancies in women with a functional allograft following their first transplantation19, but such pregnancy events may also lead to higher rates of sensitization when these women require a second transplant.  In addition, analyzing the impact of changes in the KAS will inform the additional policy changes that are needed to attenuate gender disparities in access to a second kidney transplant.  

Research questions 
1. Are there gender disparities in access to a second deceased donor kidney transplant among adult waitlisted candidates who are highly sensitized (defined as cPRA > 80%)?
2. Did implementation of the new Kidney Allocation System associate with any changes in the observed trends of gender disparities in accessing second deceased donor kidney transplants among adult waitlisted candidates who are highly sensitized? 

Specific aims
1. To evaluate gender disparities in access to a second deceased donor kidney transplant among adult waitlisted candidates with cPRA > 80%. 
2. To determine the observed changes in the rates of gender disparities access to a second deceased donor kidney transplant among adult waitlisted candidates with cPRA > 80% 

Methods
Overview of design
This is a retrospective cohort study of adults over the age of 18 who were waitlisted for a second DDKT from January 1, 2011 to December 31, 2018 based on data from the USRDS. Patient demographic characteristics (age at waitlisting for a second DDKT, gender, race, ethnicity, and blood type), cause of ESKD, insurance type at ESKD onset (Medicare, Medicaid, private/other, or Veterans Health Administration, or none), cPRA, zip code, height, and weight were abstracted from the USRDS Centers for Medicare and Medicaid Services 2728 (CMS-2728) Medical Evidence (MEDEVID) Form and USRDS Patients file. Co-morbidities at time of initial graft failure were also abstracted. Zip code will be used to determine the median household income of patients’ neighborhood using data from the American Community Survey between 2010 and 2018. Additionally, by using an observational retrospective cohort study design, we aim to analyze the effect modification of trends in access to a second DDKT by before and after implementation of changes to the KAS in 2014.  

Study subjects
· Target population: Adult candidates with high cPRA (> 80%) who already received or are on the waiting list for a second DDKT. 
· Accessible population: The most current USRDS database only includes data until 2018, so this is a limitation to analyze a complete set of patients after implementation KAS policy. Therefore, we will use a four-year period to compare pre-KAS (2011-2014) vs post-KAS (2015-2018).
· Inclusion criteria:
· Age ≥ 18 year olds
· Patients who were waitlisted for a second kidney transplant from 2011-2018
· Patients who have cPRA (> 80%)
· Exclusion criteria:
· Age < 18 year olds
· Patients who have missing gender in the USRDS database
· Patients who were not waitlisted for a second kidney transplant from 2011-2018
· Patients who have cPRA (≤ 80%) or who do not have a reported cPRA at the time of waitlisting for a second transplant

Measurements
· Predictor variables:
· Gender (male and female)
· Outcome variables:
· Primary: Time to receiving a second DDKT starting from dialysis initiation
· Secondary: Time to receiving a second DDKT starting from the date of waitlisting for a second kidney transplant
· Potential cofounders:
· BMI: Women with BMI ≥ 25.0 kg/m2 are associated with a lower transplant rate from any donor source20. 
· Blood type: Blood type B is a relatively rare blood type, which contributes to a longer waiting time for offers21. 
· Race/ethnicity: Non-Hispanic Black and Hispanic have a lower access to transplants compared to Non-Hispanic White22,23. 
· Causes of ESKD (including X-link diseases): Women have a lower deceased donor transplant rate compared to men with kidney failure secondary to diabetes15. 
· Socieconomic background: Lower income is associated with lower ate of kidney transplantation24,25.
· Insurance status: Public insurance is associated with lower rate of kidney transplantation25.
· Comorbidities: Women with comorbidities have a lower access to kidney transplantation26. 
· Age: Women ≥ 45 year olds have a lower access to kidney transplantation compared to men with similar age26.
Statistical issues 
· Hypotheses:
· Primary null hypothesis:
Among adult candidates who are highly sensitized, there is no difference between men and women in the likelihood of receiving a second deceased donor kidney transplant from 2011 to 2018.
· Primary alternative hypothesis:
Among adult candidates who are highly sensitized, women were less likely than men to receive a second deceased donor kidney transplant from 2011 to 2018.
· Second null hypothesis:
KAS era (graft failure before or after 2014) is not an effect modifier of gender disparities in access to a second deceased donor kidney transplant among candidates who are highly sensitized.
· Second alternative hypothesis:
KAS era is an effect modifier of gender disparities in access to a second deceased donor kidney transplant among candidates who are highly sensitized.
· Analysis plan:
· First research question: 
We will use Cox regression analysis to determine access to a second DDKT by gender. Cofounders include BMI, blood type, age, racial, causes of ESKD, socioeconomic background, insurance status, and comorbidities. We will then plot Kaplan-Meier curve visualize differences by sex.  We include two approaches for the time to event analysis:  starting time at 1. Dialysis initiation or 2. Waitlist registration. The rationale for these two approaches is based on the possibility that there may be different conclusions drawn based on the additional time and priority accrued in individuals who are preemptively waitlisted before graft failure occurred, which starting time from date of waitlist registration would account for.  
· Second research question: 
We will use a Cox regression model including all patients who were highly sensitized and waitlisted for a second kidney transplant from 2011 to 2018. The predictor will be gender and the outcome will be time to receipt of a second DDKT. To explore differences in how the KAS policy change implemented in 2014 may have had a differential impact on access to transplant by gender, we will include interaction terms to compare the effect size in the era pre-KAS vs post-KAS. 
· Sample size estimates:
To establish significant criteria for statistical analysis, we will use a standard threshold of α=0.05 and β=0.2. According to OPTN/SRTR 2019 Annual Data Report, we will use the percentage of adults in the waiting list for all sources of kidney transplant to estimate q1 (female, 0.4) and q0 (male, 0.6)16. Additionally, approximately 23% of male adults received a kidney transplant that is used to estimate P0 (0.23) for receiving a second DDKT. We assume only 18% of female adults received a second DDKT, so estimated P1 is 0.18. By using Sample Size Calculators website (sample-size.net), we calculated effected sample size for female (891) and male (1336) to determine a significant correlation between gender and DDKT with OR (0.7349) and RR (0.7826).

The most difficult question is to determine what effect size would be considered clinically significant. During the 8-year period of our study, the available sample size (approximately > 10,000 patients) is more than sufficient to detect differences in second DDKT rate between males and females. However, it is possible that we may detect a very small difference that might not be clinically significant, but we will evaluate this after performing analysis

Timetable
This research will be led by Sang Nguyen, MD with the mentorship of PI Elaine Ku, MD. We will work directly with our statisticians (Charles McCulloch, PhD) and subject matter experts (Rajalingam Raja, PhD and Garrett Roll, MD). We already received the data from the USRDS database, so we aim to analyze and write up the manuscript by three to fourth months. 

Ethical considerations
There is no potential harms by this study because all of the data are de-identified to protect patient information. When we analyze these data, we will use encrypted computers with appropriate virus monitoring and security protection from malware. This project also received an approval from the UCSF Institutional Review Board and is considered an exempt human subjects study.

Although the pediatric group is an important population, we need to exclude this group in our protocol for several reasons: 1. Fewer patients with high cPRA. 2. Less like to be influenced by pregnancy status. A previous report demonstrated sub-group of adolescents might have a higher cPRA after their first kidney transplant, but this is likely related more to behaviors, specifically as immunosuppression drug non-adherence, instead of biological factors27. However, we will still plan to perform separate analysis to compare with the results from adult population. Another limitation is that we do not have exact data to identify the transgender population if patients change their gender by gender-affirmation surgery during the period between their first and second kidney transplant. It is an important research question to understand if any disparities occur in the transgender group in accessing to kidney transplant; however, this question is beyond the scope of our current study. 
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