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Abstract

Background.—Kidney transplant (KT) candidates with HIV face higher mortality on the waitlist 

compared with candidates without HIV. Because the HIV Organ Policy Equity (HOPE) Act has 

expanded the donor pool to allow donors with HIV (D+), it is crucial to understand whether this 

has impacted transplant rates for this population.

Methods.—Using a linkage between the HOPE in Action trial (NCT03500315) and Scientific 

Registry of Transplant Recipients, we identified 324 candidates listed for D+ kidneys (HOPE) 

compared with 46 025 candidates not listed for D+ kidneys (non-HOPE) at the same centers 

between April 26, 2018, and May 24, 2022. We characterized KT rate, KT type (D+, false-positive 

[FP; donor with false-positive HIV testing], D− [donor without HIV], living donor [LD]) and 

quantified the association between HOPE enrollment and KT rate using multivariable Cox 

regression with center-level clustering; HOPE was a time-varying exposure.

Results.—HOPE candidates were more likely male individuals (79% versus 62%), Black (73% 

versus 35%), and publicly insured (71% versus 52%; P < 0.001). Within 4.5 y, 70% of HOPE 

candidates received a KT (41% D+, 34% D−, 20% FP, 4% LD) versus 43% of non-HOPE 

candidates (74% D−, 26% LD). Conversely, 22% of HOPE candidates versus 39% of non-HOPE 

candidates died or were removed from the waitlist. Median KT wait time was 10.3 mo for HOPE 

versus 60.8 mo for non-HOPE candidates (P < 0.001). After adjustment, HOPE candidates had a 
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3.30-fold higher KT rate (adjusted hazard ratio = 3.30, 95% confidence interval, 2.14–5.10; P < 

0.001).

Conclusions.—Listing for D+ kidneys within HOPE trials was associated with a higher KT rate 

and shorter wait time, supporting the expansion of this practice for candidates with HIV.

NTRODUCTION

The prevalence of end-stage renal disease (ESRD) is increasing among persons with HIV 

(PWH) because of longer life expectancies afforded by effective antiretroviral therapy, as 

well as common comorbidities such as hypertension, diabetes, and cardiac disease.1 Kidney 

transplantation (KT) is the definitive treatment for ESRD, conferring a substantial survival 

benefit, with excellent outcomes for PWH demonstrated in both clinical trials and real-world 

registry data.2–4 Unfortunately, access to life-saving KT for PWH is inadequate, resulting in 

part from the nationwide organ shortage in the United States, and exacerbated by the higher 

mortality that PWH incur on dialysis compared with those living without HIV.5

A motivation for the HIV Organ Policy Equity (HOPE) Act was to improve access to 

transplant for PWH.6 Signed into law in 2013 and implemented in 2015, the HOPE Act 

allows transplantation of organs from donors with HIV (D+) to recipients with HIV (HIV 

D+/R+) within research protocols.7 In addition, an unexpected benefit of the HOPE Act was 

the utilization of organs from donors with false-positive (FP) HIV testing for candidates 

enrolled in HOPE trials.8 Early safety outcomes of HIV D+/R+ KT in trials have been 

encouraging; however, the number of D+ in practice has been lower than predicted, with 

only 92 D+ and FP donors in the first 4 y of HOPE compared with estimates ranging from 

354 to 534 potential HOPE donors per year.9–12 With fewer HOPE donors in practice, it is 

uncertain whether access to KT has substantially improved for PWH.

Understanding the impact of D+ on KT rates for PWH cannot be achieved with national 

transplant registry data alone because (1) diagnosis of HIV is not collected for waitlist 

candidates, and (2) registry data do not adequately differentiate between D+, donors without 

HIV (D−), and donors with FP HIV testing.13 As such, the objectives of this study were 

to characterize KT types (D+, FP, D−), and quantify the association between enrollment 

in HOPE trials and time to KT for candidates with HIV listed as willing to accept D+ 

kidneys compared with candidates (with or without HIV) at the same center not listed for D+ 

kidneys.

MATERIALS AND METHODS

Data Sources

This study used data from the HOPE in Action Multicenter Kidney U01 trial 

(U01AI134591, NCT03500315), which opened on April 26, 2018, and included 24 

participating centers (see Table S1, SDC, http://links.lww.com/TP/C922). Candidates 

enrolled in these studies met standard clinical criteria for KT at their local center, as well as 

HIV-specific inclusion criteria: no active opportunistic infections, HIV RNA below the limit 

of detection, CD4 T-cell count ≥200 cells/μL, and kidney candidates as per the Department 

of Health and Human Services HOPE Act Safeguards and Research Criteria.7
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Trial protocols were approved by each site’s Institutional Review Board, and each site had 

an Open Variance approved by the United Network for Organ Sharing. All trial participants 

provided written informed consent.

We then linked the HOPE in Action trial data to the Scientific Registry of Transplant 

Recipients (SRTR) to identify KT candidates at the same centers who were not listed to 

accept D+ kidneys under the HOPE in Action trial. The SRTR data system includes data on 

all donor, waitlisted candidates, and transplant recipients in the United States, submitted by 

the members of the Organ Procurement and Transplantation Network (OPTN). The Health 

Resources and Services Administration, US Department of Health and Human Services 

provides oversight to the activities of the OPTN and SRTR contractors. The SRTR data set 

has previously been described elsewhere.14

Study Population

The study population consisted of adult (age 18 y or older), kidney-only active waitlist 

registrants at the 24 participating centers between the date the center joined the HOPE in 

Action trial (April 26, 2018–June 29, 2020) and administrative censorship (December 31, 

2022). We excluded individuals who joined the waitlist before December 13, 2007, or after 

May 24, 2022, because these are the first and last dates that individuals enrolled in the 

HOPE trials joined the waitlist.

We compared candidates listed as willing to accept D+ kidneys (HOPE) with candidates 

(with or without HIV) from the same center not listed as willing to accept D+ kidneys 

(non-HOPE). Because the OPTN captures HIV status only for transplant recipients, we were 

unable to discern the HIV status of non-HOPE waitlist candidates before KT. However, 

among non-HOPE candidates who eventually received KT, 98.9% did not have HIV 

according to SRTR.

Ascertainment of Candidate Characteristics and Waitlist Outcomes

Data on clinical history and virologic and immunologic characteristics for all HOPE 

candidates and donors were obtained from the HOPE in Action trial database. Notably, this 

database also included information on whether donors for these candidates had confirmed 

HIV or FP HIV testing, because the OPTN does not collect this information.8 FP donors 

were those who (1) had no history of HIV according to the medical record or next-of-kin 

interview, (2) were not on HIV medications, and (3) had discordant HIV screening tests 

(antibody, antigen/antibody, or nucleic acid test) with subsequent negative confirmatory 

testing for HIV, as previously described.13 Data for all non-HOPE candidates and their 

corresponding donors were obtained from SRTR.

Waitlist outcomes were reported to the OPTN. Candidates enrolled in HOPE received organs 

from donors with (D+) or without HIV (D−) based on organ availability and standard 

allocation procedures, as previously described.9 As per the HOPE Research Safeguards, D+ 

could not have active opportunistic infections or cancer; there were no specific criteria for 

donor HIV RNA or CD4 count, although transplant center teams had to describe effective 

antiretroviral therapy for intended recipients. D− were evaluated according to institutional 

criteria.
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Waitlist Outcomes of HOPE and Non-HOPE Candidates

To characterize the outcomes of HOPE and non-HOPE candidates after placement on the 

waitlist, we used a competing risk framework to estimate the cumulative incidence of death 

(including removal due to deteriorating condition), removal (either from the waitlist or 

HOPE study), remaining waitlisted, receipt of a living donor (LD) KT, and deceased donor 

KT.15 Candidates were followed until 54 mo (4.5 y) because this was the maximum length 

of follow-up time available since their date of entry into the study.

Association Between HOPE Listing and Time to KT

Receipt of a KT was assessed from candidates’ most recent date of active waitlisting or the 

date that their transplant center became active as a HOPE trial site (herein referred to as 

date of entry) until the earliest date of transplant, death, removal from the HOPE in Action 

study, removal from the waitlist, or administrative censorship at end of follow-up. The last 

transplant on the HOPE in Action Multicenter Kidney U01 trial was September 6, 2021, 

after which this trial was closed to new transplants. Following that date, most centers chose 

to participate in a subsequent research protocol with the same eligibility criteria for D+/R+ 

KT (Table S1, SDC, http://links.lww.com/TP/C922). For candidates from these centers, the 

date of administrative censorship was December 31, 2022. For candidates from centers who 

did not participate in this subsequent research protocol, the date of administrative censorship 

was September 7, 2021.

Candidates who were on the waitlist before the date of entry were treated as late entries. 

For example, if a center became activated for HOPE on April 26, 2018, all person-time 

accrued before this date would be considered immortal person-time for both HOPE and 

non-HOPE candidates at that center, and only person-time from after April 26, 2018, would 

be included in analysis. We used Cox regression, rather than competing risks regression, 

to compare the KT rate in HOPE versus non-HOPE candidates. This choice was driven 

by our study question, which was etiologic rather than prognostic in nature.16 HOPE 

status, which is being listed for a D+ kidney, was treated as a time-varying exposure. 

Candidates who consented to the HOPE in Action trial after entry first contributed 

unexposed person-time until their date of HOPE consent, and then contributed exposed 

person-time thereafter. Candidates whose consent date was equivalent to their date of 

entry into the risk set contributed only exposed person-time. Model adjustment included 

candidate age, sex, diabetes, blood type, time on dialysis at the time of study entry, previous 

history of transplant, calculated panel reactive antibody (PRA) or PRA, willingness to 

accept a kidney from a donor with hepatitis C virus (HCV), and calendar year of listing. 

We incorporated a robust sandwich estimator to account for within-center clustering of 

outcomes. In a sensitivity analysis, we additionally adjusted for differences between HOPE 

and non-HOPE candidates, race, height, weight, serum albumin, peripheral vascular disease, 

primary diagnosis of ESRD, insurance type, and employment status. We did not adjust for 

these variables in our main model because this would have excluded 21 HOPE candidates 

(n = 6.5%). To determine whether our handling of late entries impacted inference, we 

conducted a sensitivity analysis including candidates whose first active date of listing was 

on or after April 26, 2018, the date the HOPE in Action trial began. Finally, to illustrate 
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differences in time to transplant, we produced Kaplan-Meier curves including only patients 

whose first active date was the beginning of the HOPE in Action trial.

Statistical Analyses

To compare candidate and donor characteristics across groups, we used 2-sample t tests or 

Wilcoxon rank-sum tests for continuous variables and Pearson’s χ2 tests or Fisher exact 

tests for categorical variables. Column percentages in Tables 1 and 2 may be slightly <100% 

or >100% due to rounding; missing data were excluded. In our analyses, we used complete 

case analysis to handle missing data ranging from 0.06% to 5.5%. All tests were 2-sided 

with statistical significance set at α = 0.05, with analyses performed using Stata version 

17.0/MP for Linux (College Station, TX).

RESULTS

Study Population

We identified 324 HOPE and 46025 non-HOPE KT candidates across 24 HOPE in Action 

centers in the United States. Compared with non-HOPE candidates, HOPE candidates were 

more likely to be male individuals (79% versus 62%, P < 0.001) and Black (73% versus 

35%, P < 0.001; Table 1). HOPE candidates were more likely to have glomerular diseases as 

their indication for ESRD (41% versus 21%, P < 0.001) and have >6 y of time on dialysis 

(16% versus 12%, P < 0.001) but less likely to have undergone a previous transplant (7% 

versus 12%, P = 0.009) compared with non-HOPE candidates. HOPE candidates were more 

likely to have public insurance (71% versus 52%, P < 0.001) and also less likely to be listed 

to accept a kidney from a donor with HCV (22% versus 29%, P = 0.003). Among HOPE 

candidates, willingness to accept a kidney from a donor with HCV increased from 16.7% in 

2018 to 31.3% in 2021; 13% of HOPE candidates were seropositive for HCV. Ninety-nine 

percent of HOPE candidates had HIV RNA <200 copies/mL.

Waitlist Outcomes of HOPE and Non-HOPE Candidates

Within 4.5 y of consenting for HOPE, the cumulative incidence of KT for HOPE candidates 

was 70%, of whom 41% received D+, 34% received D–, 20% received FP, and 4% received 

LD among those transplanted (Figure 1A). Conversely, the cumulative incidence of death 

was 15%, removal from the waitlist or the HOPE study was 7%, and remaining waitlisted 

was 9%.

During the same period, the cumulative incidence of KT for non-HOPE candidates was 

43%, of whom 74% received D− and 26% received LD among those transplanted (Figure 

1B). Conversely, the cumulative incidence of death was 20%, removal from the waitlist was 

19%, and remaining waitlisted was 18%. Among non-HOPE candidates who received a KT, 

181 (1.0%) were living with HIV, of whom 81% received a deceased donor KT, 7% received 

an LD KT, and 12% remained waitlisted at the end of the study.

Association Between HOPE Listing and Time to KT

Overall, the estimated median wait time (time at which the Kaplan-Meier survival estimate 

crossed 50%) for HOPE versus non-HOPE candidates was 10.3 and 60.8 mo, respectively 
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(P < 0.001). The cumulative incidence of KT for HOPE candidates (versus non-HOPE) was 

28% (versus 10%) at 3 mo, 38% (versus 15%) at 6 mo, 52% (versus 21%) at 12 mo, 68% 

(versus 29%) at 24 mo, 82% (versus 37%) at 36 mo, and 83% (versus 44%) at 48 mo (P 
< 0.001; Figure 2). After adjustment for candidate age, sex, diabetes, blood type, time on 

dialysis, prior transplant, calculated PRA or PRA, willingness to accept a kidney from a 

donor with HCV and calendar year of listing, this translated into 3.30-fold higher rate of KT 

(adjusted hazard ratio [aHR] = 3.30; 95% confidence interval [CI], 2.14–5.10; P < 0.001) 

for HOPE versus non-HOPE candidates. In a sensitivity analysis, after excluding candidates 

whose first active date of listing was before the HOPE in Action trial began, inferences were 

consistent with our main findings (aHR = 3.01; 95% CI, 2.03–4.48; P < 0.001). Similarly, 

inferences were consistent with our main findings after additional adjustment for candidate 

characteristics (aHR = 3.01; 95% CI, 2.01–4.49; P < 0.001) and excluding candidates whose 

first active date of listing was before the HOPE in Action trial began (aHR = 2.76; 95% CI, 

1.92–3.96; P < 0.001).

Characteristics of Donors for HOPE and Non-HOPE Groups

During the study period, there were 166 donors who donated kidneys to HOPE candidates 

and 9660 donors who donated kidneys to non-HOPE candidates. Among donors for HOPE 

candidates, 39% were D+ (median kidney donor profile index [KDPI]: 36%), 18% were FP 

(median KDPI: 38%), and 43% were D− (median KDPI: 56%) (Table 2). Donors for the 

HOPE group were more likely to be Black (29% versus 16%, P < 0.001), were less likely to 

be hypertensive (23% versus 31%, P = 0.04), and had an overall lower KDPI (median: 41% 

versus 50%, P = 0.02) compared with donors for the non-HOPE group. Donors for HOPE 

candidates were also more likely to be seropositive for cytomegalovirus (76% versus 60%, 

P < 0.001) and more likely to be labeled increased infectious risk (49% versus 26%, P < 

0.001) compared with donors for non-HOPE candidates.

Kidneys for HOPE candidates were more likely to be shared nationally (54% versus 30%, 

P < 0.001) and have comparable cold ischemia time (median: 20 versus 20 h, P = 0.09) 

compared with those for non-HOPE candidates.

DISCUSSION

In this multicenter study, we sought to understand the impact of the HOPE Act on access 

to KT for PWH. We found that 70% of those enrolled in HOPE received a KT during the 

4.5-y study period versus 43% of non-HOPE candidates at the same center. Most of these 

were from donors with HIV or FPs, transplants that were not possible before the HOPE Act. 

Those who received transplants in HOPE trials had shorter estimated wait times (median 

10.3 versus 60.8 mo), and after adjusting for relevant allocation factors including time on 

dialysis, the KT rate was 3.30-fold higher for those in HOPE. These findings are highly 

encouraging and indicate that HIV D+/R+ transplantation can increase access to KT for 

PWH, potentially improving access for all waitlisted candidates.

We found that HOPE candidates were more likely to have >6 y on dialysis and less likely 

to undergo preemptive listing compared with non-HOPE candidates at the same center. This 

is consistent with prior studies that have shown that PWH have more time on dialysis than 
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their counterparts without HIV.17 This difference may be related to the fact that PWH are 

less likely to be referred to KT.18 Moreover, we found that the cumulative incidence of 

LD KT was 4% in the HOPE group, compared with 26% in the non-HOPE group. This is 

consistent with a prior study that showed that PWH on the KT waitlist had a 47% lower 

likelihood of LD transplantation.17

In our study, HOPE candidates had an estimated median wait time of 10.3 mo, substantially 

lower than that of 60.8 mo for contemporary non-HOPE candidates at their centers. The 

wait time for HOPE candidates is also lower than what has been reported for KT candidates 

with HIV before HOPE. A national study by Cohen et al19 that identified KT candidates 

with HIV by linking SRTR and pharmacy claims data from 2001 to 2012, found that the 

median KT wait time for PWH was 39 mo. These shorter wait times might be considered 

an additional incentive for centers that are not yet participating in HOPE Act transplants. 

Furthermore, for international transplant programs that have not yet moved into this practice 

area, it is another clinical benefit to consider.

Our study has several limitations. First, our comparison group was individuals at the same 

center not enrolled in HOPE trials; these were primarily individuals without HIV infection 

(98.9%). An ideal counterfactual would have been KT candidates with HIV who were 

not enrolled in HOPE trials. However, because the OPTN does not capture HIV status 

on the waitlist, this comparison group was not possible. Instead, we treat a population of 

candidates without HIV primarily as the counterfactual for what the transplant rate for 

HOPE candidates would have been if HOPE had not been passed because organ allocation 

procedures are the same for candidates with and without HIV. A second limitation is that 

our group conducted a pilot trial of HIV D+/R+ KT at 14 centers that began before the 

study period, and thus, some individuals in our study population may have been eligible 

for D+ transplants under this protocol. However, we excluded any person-time before center 

activation for the U01 trial. A third limitation is that HOPE participants were all selected 

to participate in a study, and thus, we cannot rule out a potential selection bias and/or 

Hawthorne effect. However, we believe these factors are unlikely to impact our results. The 

fact that virtually all transplant recipients in the non-HOPE group were patients without HIV 

suggests that very few patients with HIV were excluded from the HOPE study. Also, subtle 

selection biases are unlikely to substantially impact transplant rates; all patients in the study 

were active on the waitlist and needed to meet transplant criteria at their center. Finally, we 

adjusted for measured patient comorbidities and other differences in casemix.

The major strength of our study was our design, which leveraged our trial data for 

reliable ascertainment of candidate HIV status, which is unavailable in the national registry. 

Inclusion of these data allowed us to further differentiate between true positive and FP 

HOPE donors.8,13 Furthermore, our study comprised 24 centers located throughout the 

United States, and these represent the majority (24 of 30) that have an OPTN variance to 

perform HIV D+/R+ KT.20

In conclusion, we found that KT candidates with HIV who participated in HOPE trials had 

lower wait times and significantly higher KT rates than non-HOPE candidates. This finding 

is very encouraging, given that PWH with ESRD have higher mortality than those without 
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HIV, making the need for KT even more urgent. In addition, the benefits of reduced wait 

time and increased KT rate under HOPE occurred, although the number of HOPE donors 

per year has been lower than expected. As this practice expands more broadly and may no 

longer be restricted to research, we anticipate further benefits in expanding the donor pool 

that may impact the entire waitlist.21

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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FIGURE 1. 
Waitlist outcomes of HOPE and non-HOPE candidates. Fifty-four-month (4.5 y) cumulative 

incidence of death, waitlist removal, remaining waitlisted, receipt of living donor kidney 

transplant and deceased donor kidney transplant for HOPE (A) and non-HOPE candidates 

(B). Estimates were obtained using a competing risk framework (see Materials and 

Methods), with solid black lines representing candidates who were eventually transplanted. 

Estimates may go >100% due to rounding. Reasons for removal include refused transplant, 

transferred to another center*, candidate condition improved, transplant at another center, 

candidate removed in error, candidate changed to kidney pancreas*, transplanted at 

another center*, unable to contact candidate, and other reasons for removal among HOPE 
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candidates. D+, donor with HIV; D−, donor without HIV; FP, donor with false-positive HIV 

test; HOPE, HIV Organ Policy Equity; KT, kidney transplant.
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FIGURE 2. 
Cumulative incidence of time to kidney transplant for HOPE and non-HOPE candidates. 

Fifty-four-month (4.5 y) cumulative incidence of time to kidney transplant for HOPE and 

non-HOPE candidates. HOPE, HIV Organ Policy Equity.
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