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A randomized trial of theory-informed appeals for organ donor registration using internet

Background: Many kidneys donated for transplant in the US are discarded because of abnormal histology. Yet, it is unknown whether histology adds incremental value in assessing allograft quality.

Methods:

This population-based study included: 1) deceased donor kidney recipients who underwent protocol-based preimplantation kidney biopsies in France and Belgium; and 2) deceased donor kidneys that were recovered for transplantation, biopsied during allocation, and discarded due to low organ quality in the US. We fit multivariable Cox models for death-censored graft failure using donor and recipient characteristics and examined whether the predictive accuracy (C-index) improved after adding donor histology. Next, we matched US kidneys discarded due to biopsy results to kidneys transplanted in Europe and calculated allograft survival.

Results:

In the development cohort of 1,629 kidney recipients at two French centers, the addition of donor histology to the model did not significantly improve prediction of long-term allograft failure (C-index=0.635; 95% CI=0.604 -0.664 without histology vs 0.646; 95% CI=0.616 -0.676 after adding Day-0 biopsy results [p-value=0.103]). Analyses using an external validation cohort from two Belgian centers confirmed the lack of improved accuracy from adding histology. 45% of US kidneys discarded due to histology could be accurately matched to kidneys transplanted in France; these discarded kidneys would be expected to have allograft survival of 93.1%, 80.7% and 68.9% at 1, 5 and 10 years, respectively.

Conclusions:

In this multicenter study, kidney histology assessment during allocation did not provide substantial incremental value in determining organ quality. Many kidneys discarded due to biopsy findings would have benefited US wait-listed patients.

Abstract

In the US, over 90,000 patients are waitlisted for a kidney transplant. Unfortunately, less than 15% (n=17,583) of waitlisted patients received a deceased donor kidney transplant in 2020. The same severe shortage of organs for transplantation affects France and all other nations with national health systems for transplantation. For some patient groups, such as older adults (>65 years), death is more likely than kidney transplant. Two major barriers to improving public health through kidney transplant are that many people do not register as organ donors and second, that many viable kidneys are donated but discarded because of fear of complications. The aim of this thesis is to develop and test three novel and diverse methods to increase the number of organs donated for transplantation. The first study was a randomized experiment in which we developed five brief appeals for organ donation that were informed by theories of behavior change and studies of relevant cognitive barriers to organ donor registration. Using Google AdWords, the messages were deployed randomly as banners of different sizes on unselected online websites and carried a link to an organ donor registration site. Online organ donation messages rapidly generated substantial attention through clicks, but no message led to a meaningful number of organ donor registrations. We concluded that future research may focus on capturing the attention of viewers through social networks or other online venues with less competition for attention than internet banners. The second observational study addressed the issue that many kidneys donated for transplantation in the US are discarded due to abnormal tissue biopsy results, but it is unknown whether time-zero kidney histology adds incremental value to the prediction of allograft survival. This cohort study analyzed detailed data from transplant centers in France (development set) and Belgium (validation set) where allocation does not routinely involve kidney biopsies, but these centers do universally perform pretransplant biopsies in clinical practice. We found that kidney histology data did not improve the incremental prediction of allograft failure beyond a robust baseline set of donor and recipient characteristics. This result suggests that the US could abandon an inefficient process for the evaluation of donated kidneys. The third study examined longer-term outcomes of two pilot trials involving transplantation of kidneys from deceased donors with hepatitis C virus infection. The development of new antiviral therapies for hepatitis C virus enabled these pilot trials of transplanting these kidneys, but published reports were limited by one year follow-up. We obtained multi-year follow-up data from 45 participants in the two trials and examined graft survival, immunological complications and kidney function trajectories and predicted future allograft survival using the Integrative Box Scoring System. Among 45 recipients, there was only one rejection and one death by 3 years. Trajectories of glomerular filtration rate were similar to between recipients of hepatitis C-infected kidneys versus closely-matched recipients of kidneys without hepatitis C virus at the same centers. The iBox predicted median future allograft survival of 96% and 91% at 5 and 10-years for kidneys infected by hepatitis C virus. In summary, these studies applied creative and rigorous approaches to improve rates of organ donation, better select kidneys for transplantation and reveal good outcomes for recipients of kidneys exposed to hepatitis C virus that were historically discarded.

Keywords: kidney transplant; organ donation; histology; hepatitis C virus

Résumé

Aux États-Unis, plus de 90 000 patients sont sur liste d'attente pour une greffe de rein. En 2020, moins de 15 % (n = 17 583) des patients en liste d'attente ont reçu une greffe de rein d'un donneur décédé. La même pénurie d'organes à transplanter affecte la France et de nombreux autres pays. Pour certains patients, comme les personnes âgées (> 65 ans), le décès est plus probable que la transplantation rénale. L'amélioration de la santé publique grâce à la greffe de rein est possible, cependant, il y existe deux obstacles majeurs qui sont que de nombreuses personnes ne s'inscrivent pas comme donneurs d'organes et, deuxièmement, que de nombreux reins viables sont donnés mais jetés par crainte de complications. L'objectif de cette thèse est de développer et d'évaluer trois méthodes pour augmenter le nombre d'organes pour transplantation. La première étude était une expérience faite de façon aléatoire dans laquelle nous avons développé cinq brefs appels au don d'organes, fondés sur des théories du changement de comportement et des études sur les obstacles cognitifs pertinents à l'enregistrement des donneurs d'organes. À l'aide de Google AdWords, les messages ont été déployés au hasard, sous forme de bannières de différentes tailles sur des sites Web non sélectionnés et contenaient un lien vers un site d'enregistrement de donneurs d'organes. Les messages ont suscité une attention considérable grâce à des clics, mais aucun message n'a conduit à un nombre significatif d'enregistrements de donneurs d'organes. Nous avons conclu que les recherches futures pourraient se concentrer sur captiver l'attention des utilisateurs via les réseaux sociaux ou d'autres sites en ligne avec moins de concurrence pour l'attention que les bannières Internet. La deuxième étude observationnelle a abordé le problème selon lequel de nombreux reins donnés aux États-Unis sont rejetés en raison de résultats anormaux de biopsie histologique, mais on ne sait pas si les biopsies rénales à temps zéro ajoutent une valeur supplémentaire à la prédiction de la survie des greffons. Cette étude de cohorte a analysé les données détaillées des centres de France (cohorte de développement) et de Belgique (cohorte de validation) où l'attribution n'implique pas systématiquement de biopsies rénales, mais ces centres effectuent universellement des biopsies pré-transplantation dans la pratique clinique. Nous avons découvert que les données de l'histologie rénale n'amélioraient pas la prédiction incrémentielle de l'échec de l'allogreffe au-delà d'un ensemble de base solide de caractéristiques du donneur et du receveur. Ce résultat suggère que les États-Unis pourraient abandonner un processus inefficace pour l'évaluation des reins donnés. La troisième étude a examiné les résultats à plus long terme de deux études cliniques pilotes portant sur la transplantation de reins de donneurs décédés infectés par le virus de l'hépatite C (VHC). Le développement de nouvelles thérapies antivirales pour le VHC a permis ces études, mais les rapports publiés étaient limités par un suivi d'un an. Nous avons obtenu des données de suivi pluriannuelles de 45 participants dans les deux études et examiné la survie du greffon, les complications immunologiques et les trajectoires de la fonction rénale et prédit la survie future des greffons à l'aide du système de notation intégrative Box (iBox). Parmi 45 receveurs, il n'y a eu qu'un seul rejet et un décès à 3 ans. Les trajectoires du taux de filtration glomérulaire étaient similaires entre les receveurs de reins infectés par le VHC et les receveurs étroitement appariés de reins sans virus de VHC. L'iBox a prédit la survie médiane future des greffons de 96 % et 91 % à 5 et 10 ans pour les reins infectés par le VHC. En résumé, ces études ont appliqué des approches rigoureuses pour améliorer les taux de dons d'organes, mieux sélectionner les reins pour la transplantation et révéler de bons résultats pour les receveurs de reins exposés au VHC.

Mots-clés : transplantation rénale ; donneur d'organe; histologie; virus de l'hépatite C (VHC)

Résumé substantiel

Par rapport à la dialyse chronique, la transplantation rénale offre une durée de vie plus longue ainsi qu'une meilleure qualité de vie. Aux États-Unis et en France, la majorité des greffes de rein proviennent de donneurs décédés. Aux États-Unis, plus de 90 000 patients sont sur liste d'attente pour une greffe de rein. Malheureusement, moins de 15 % (n = 17 583) des patients en liste d'attente ont reçu une greffe de rein d'un donneur décédé en 2020. La même pénurie d'organes à transplanter affecte la France et tous les autres pays dotés de systèmes de santé nationaux pour la transplantation. Pour certains patients, comme les personnes âgées (> 65 ans), le décès est plus probable que la transplantation rénale. La transplantation d'organes de donneurs décédés dépend d'un processus en plusieurs étapes qui commence par la générosité des donneurs d'organes et de leurs familles. Le don d'organes doit être facilité en attirant des donneurs lors de l'inscription et/ou au moment de la lésion neurologique. Ensuite, le don dépend d'une évaluation précise de la qualité des organes et de leur attribution aux receveurs appropriés. L'amélioration de la santé publique grâce à la greffe de rein est possible, cependant, il y existe deux obstacles majeurs qui sont que de nombreuses personnes ne s'inscrivent pas comme donneurs d'organes et, deuxièmement, que de nombreux reins viables sont donnés mais jetés par crainte de complications pour les receveurs. L'objectif de cette thèse est de développer et d'évaluer trois méthodes diverses pour augmenter le nombre d'organes pour transplantation. Ces trois méthodes ciblent différentes parties du processus de don d'organes, d'évaluation d'organes et de transplantation.

L'objectif spécifique de la première étude était d'évaluer l'efficacité de divers appels aux dons pour l'enregistrement des donneurs d'organes. Aux États-Unis, l'enregistrement des donneurs d'organes varie considérablement d'un État à l'autre et a, traditionnellement, lieu dans le cadre de l'enregistrement d'un permis de conduire. Récemment, l'enregistrement des donneurs d'organes est devenu plus facile à faire via Internet. De plus, les chercheurs ont reconnu que les gens peuvent être plus susceptibles de s'inscrire comme donneurs d'organes s'ils sont encouragés à voir l'inscription comme une action positive. La première étude était une expérience faite de façon aléatoire dans laquelle nous avons développé cinq brefs appels au don d'organes, fondés sur des théories du changement de comportement et des études sur les obstacles cognitifs pertinents à l'enregistrement des donneurs d'organes. L'un des messages était un récit persuasif au sujet d'un receveur de greffe. Un autre message a promu l'idée que l'enregistrement des donneurs d'organes est une norme sociale. Un message basé sur les connaissances indiquait qu'un donneur décédé pouvait améliorer la vie de 50 personnes malades. Un message de réciprocité offrait un bracelet de don d'organes gratuit, que le participant se soit ou non inscrit comme donneur. Un message de contrôle encourageait simplement le don d'organes. À l'aide de Google AdWords, les messages ont été déployés au hasard sous forme de bannières de différentes tailles sur des sites Web non sélectionnés et contenaient un lien direct vers un site d'enregistrement de donneurs d'organes. Les messages ont rapidement suscité une attention considérable grâce à des clics, mais aucun message n'a conduit à un nombre significatif d'enregistrements de donneurs d'organes. Précisément, il y a eu 5 156 048 impressions et 25 001 clics au total, soit un taux de clics de 0,49%. Les messages de contrôle et de réciprocité avaient tous deux les taux de clics les plus élevés de 0,51 %. Au total, 152 personnes uniques ont demandé des bracelets et il y a eu 52 enregistrements de donneurs d'organes au total. Le message de réciprocité avait le plus grand nombre d'enregistrements de donneurs d'organes (n=18). Nous avons conclu que les recherches futures qui cherchent des moyens de promouvoir le don d'organes pourraient se concentrer sur captiver l'attention des utilisateurs via les réseaux sociaux ou d'autres sites en ligne avec moins de concurrence pour l'attention que les bannières Internet.

La deuxième étude portait sur l'évaluation de la qualité des reins de donneurs. Cette étude observationnelle a abordé le problème selon lequel de nombreux reins donnés aux États-Unis sont rejetés et jetés à la poubelle. Des centres de transplantation n'ont pas de bons outils pour évaluer la qualité des reins donnés. Ils s'appuient sur une mesure appelée « kidney donor profile index » qui intègre les caractéristiques cliniques du donneur, notamment les données démographiques, la cause du décès et la créatinine sérique. Parce que le « kidney donor profile index » a une précision limitée, les centres aux États-Unis (contrairement aux centres d'autres pays) font des biopsies sur environ la moitié des reins donnés à temps zéro (avant la transplantation) pour décider si les reins sont d'une qualité acceptable. Les reins présentant une histologie anormale sont souvent jetés. Cependant, on ne sait pas si les biopsies rénales à temps zéro ajoutent une valeur supplémentaire à la prédiction de la survie du greffon au-delà des informations fournies par le « kidney donor profile index ». Cette étude de cohorte a analysé les données détaillées des centres de France (ensemble de développement) et de Belgique (ensemble de validation) où l'attribution des reins n'implique pas systématiquement de biopsies rénales, mais quand même, après avoir accepté les reins, ces centres effectuent universellement des biopsies pré-transplantation dans la pratique clinique. Ces centres européens n'utilisent pas ces biopsies pour décider si les reins sont de bonne qualité, mais ils examinent ces biopsies plus tard pour guider les soins aux patients. Ce contraste de pratique entre les États-Unis et l'Europe a fourni une expérience naturelle qui a été exploitée pour cette thèse. Cette étude basée sur la population a inclus : 1) des receveurs de rein de donneur décédés qui ont subi des biopsies rénales préimplantatoires basées sur un protocole en France et en Belgique ; et 2) les reins de donneurs décédés qui ont été récupérés pour transplantation, ont fait l'objet d'une biopsie lors de l'attribution et jetés en raison de la mauvaise qualité des organes aux États-Unis. Nous avons ajusté des modèles de Cox multivariés pour l'échec du greffon censuré par la mort en utilisant les caractéristiques du donneur et du receveur et avons examiné si la précision prédictive (C-index) s'améliorait après l'ajout de l'histologie du donneur.

Ensuite, nous avons comparé les reins américains rejetés en raison des résultats de la biopsie à des reins transplantés en Europe et calculé la survie des greffons. Dans la cohorte de développement de 1 629 receveurs de rein dans deux centres français, l'ajout de l'histologie du donneur au modèle n'a pas significativement amélioré la prédiction de l'échec de l'allogreffe à long terme (C-index = 0,635 ; IC à 95 % = 0,604 -0,664 sans histologie vs 0,646 ; IC à 95 % = 0,616 -0,676 après ajout des résultats de la biopsie au jour 0 [valeur p=0,103]). Les analyses utilisant une cohorte de validation externe de deux centres belges ont confirmé le manque d'amélioration de la précision de l'ajout de l'histologie. Ensuite, nous avons utilisé des méthodes d'appariement avancées pour estimer dans quelle mesure les reins jetés aux États-Unis auraient survécu s'ils avaient effectivement été utilisés pour une transplantation. 45 % des reins américains rejetés en raison de l'histologie pourraient être appariés avec précision aux reins transplantés en France ; ces reins rejetés devraient avoir une survie d'allogreffe de Unfortunately, less than 15% (n=17,583) of these waitlisted patients received a deceased donor kidney transplant in 2020. [START_REF] Rao | A comprehensive risk quantification score for deceased donor kidneys: the kidney donor risk index[END_REF] A similarly severe problem of lack of organs for transplantation affects France and other nations worldwide with advanced organ transplantation systems. For some patient groups such as older adults (>65 years) in the US, death is more likely than kidney transplantation. 2 Deceased donor organ transplantation depends on a multistep process that starts with the generous behavior of organ donors and their families. Organ donation must be facilitated by attracting donors through registration and/or surrogate consent at the time of neurologic injury.

Afterwards, donation depends on accurate evaluation of the quality of the organs and allocation to appropriate recipients. Two major barriers to saving more lives through kidney transplant are 1) the fact that many people are not registered as organ donors and 2) that many viable kidneys are donated but are then discarded, either due to poor organ quality-assessment tools or concerns about risks to recipients. Every year in the US, more than 5,000 kidneys from deceased donors were offered for transplant, but these organs were never recovered or were recovered and subsequently discarded because of concerns about quality. A subset of these organs was unsuitable for transplant, yet data clearly show that the inability to accurately assess graft quality and predict graft outcomes directly led to many of these discards. [3][4][5] Poor tools to assess graft quality, such as the kidney donor risk index [KDRI], also undermine the ability of clinical teams to guide organs to appropriate patients.

I.B. Prior research provides multiple insights into barriers to organ donor registration

(ODR) in the United States. Study One focuses on opportunities to increase organ donor registration in the US. Notably, survey data suggest that most Americans support organ donation. However, while a national survey by the Gallup organization revealed that 95% of Americans expressed general support for organ donation, only 52% reported having registered as an organ donor on their driver's license. 6 The plausible barriers to ODR in the US include: 1) lack of trust that organ allocation is fair and/or concerns that end-of-life care will be compromised for potential organ donors (i.e., the possibility that valuable medical care will be withheld from a potential donor) and/or, 2) cultural or religious concerns, 3) aversion to thinking about one's own future death, 4) inaccurate information or lack of knowledge about the organ donation process and the profound shortage of organs for transplantation, 5) the belief that ODR does not benefit the registrant, and 6) inertia, such that an individual with a favorable view of organ donation or even intent to register didn't find time to complete the registration. I.B.1. Lack of trust in healthcare practices may impede ODR. Taken together, the issues of lack of trust in the way end-of-life care is provided to registered donors, the processes of organ donation, and the fairness of organ allocation form an important barrier to organ donation. In particular, these concerns have manifested in studies among ethnic minorities. 7,8 In the Gallup survey, 16% of respondents indicated agreement with a statement that "doctors will be less likely to try to save your life" if you register as an organ donor. 6 Callender et al.

conducted focus groups of Black Americans and found that participants believed that a perception of less aggressive end-of-life care for donors was related to the decision not to register as an organ donor. 9

I.B.2. Studies show that aversion to thinking about death may be a barrier to ODR.

An aversion to imagining the circumstance of one's own death and/or disfigurement may prevent individuals from discussing organ donation with family members or ODR. In a survey of 4365 individuals, Guadagnoli et al. reported that agreement with the statement "Thinking about your own death makes you feel uncomfortable" was associated with a lower probability of having discussed organ donation with family. 10 The association between feeling uncomfortable in contemplating one's death and a lower probability of donor registration has also been reported among Black and Hispanic individuals in the general public. 9

I.B.3. Limited knowledge about organ donation and transplantation may

discourage ODR. Lesser knowledge about organ donation is also associated with lower willingness to donate organs. 8 Horton and Horton administered questionnaires that tested knowledge about organ donation to college students and the general public. They founds that knowledge about brain death, religious support for organ donation and related issues was higher among registered donors and those who were willing to donate organs versus unregistered or unwilling individuals. 11

I.B.4. Social, Religious and Cultural Barriers may pose diverse barriers to ODR.

These barriers to donation include concerns that preferred funeral services (e.g., open casket) will be hindered by changes to the donor's body and beliefs that a body should be whole when a person is buried. Some individuals may perceive that their religious faith does not support ODR. 9 In contrast, greater religiosity has been identified in some studies as a predictor of greater willingness to donate organs and as a barrier in others. 12,[START_REF] Boulware | Determinants of willingness to donate living related and cadaveric organs: identifying opportunities for intervention[END_REF] I.B.5. A perception that ODR does not benefit the registrant may undermine motivation to register. On the other hand, ODR may also be driven by an individual's perception that the donor, the donor's family, or others will realize a benefit from this act. 8 In the Gallup survey, agreement with the statement that "organ and tissue donation helps families cope with their grief" was positively associated with willingness to donate organs. 6 I.B.6. Inertia is a widely-recognized problem in ODR, because traditionally, the process has been inconvenient. ODR may also depend on how often individuals are asked to register, if they are offered an immediate opportunity to complete registration, and on how the donation question is structured. [START_REF]Organ Donation: Opportunities for Action[END_REF][START_REF] Loewenstein | Asymmetric paternalism to improve health behaviors[END_REF] Some individuals may not join the donor registry simply due to competing time demands. We refer to this situation as inertia. [START_REF] Thaler | Nudge: improving decisions about health, wealth and happiness[END_REF] For example, Kessler et al. completed a field experiment on ODR decisions. This study found that a) diverse methods of asking participants to register as organ donor led to higher registration rates, and b) variation in the way that the decision was presented led to different rates of ODR. [START_REF] Kessler | Don't Take 'No' For An Answer: Asking Again for Organ Donation[END_REF] Taken together with other studies, [START_REF] Alvaro | Increasing organ donor registration rates by providing an immediate and complete registration opportunity: an experimental assessment of the IIFF model[END_REF] these results provide empirical evidence that inertia and choice architecture are important barriers to ODR. I.C. The large and persistent variation in the ODR rate between states suggests the potential for growth in registration. As of 2018, the proportion of state populations registered to be an organ donor in the US varied from 28% in New York to 74% in Montana. [START_REF] Rosenblum | Worldwide variability in deceased organ donation registries[END_REF][START_REF] Cardon | Estimating the effect of focused donor registration efforts on the number of organ donors[END_REF] Important differences in the demographics as well as differences in ODR practices and opportunities between states may explain this variation across the US. Black race and Hispanic ethnicity associated with a lower probability of ODR and donation. Our group and others have shown that older individuals are less likely to donate organs. 6,[START_REF] Salim | The impact of race on organ donation rates in Southern California[END_REF][START_REF] Siminoff | Factors influencing families' consent for donation of solid organs for transplantation. Multicenter Study Research Support[END_REF][START_REF] Brown | Barriers to obtaining family consent for potential organ donors[END_REF][START_REF] Goldberg | Deceased organ donation consent rates among racial and ethnic minorities and older potential donors*[END_REF] The distribution of these demographic groups in each state varies widely. [START_REF]State and County QuickFacts[END_REF] Compared to whites, there are multiple plausible reasons why ethnic minorities register as donors at lower rates, such as: lower levels of trust in the health care system due to widely-known examples of unethical behavior toward Blacks and other Americans; less knowledge about brain death; lower social support for organ donation, and concerns about inequitable allocation of organs that are donated for transplant. [6][7][8][9][START_REF] Boulware | Perceived transparency and fairness of the organ allocation system and willingness to donate organs: a national study[END_REF] It is possible that older individuals are less likely to believe that their organs could be used in transplantation (due to co-morbidities) or that social norms related to organ donation differ across the age spectrum. Important differences in registration practices may also drive this variation between states. [START_REF] Rosenblum | Worldwide variability in deceased organ donation registries[END_REF] Most states allow ODR through the Department of Motor Vehicles, but others, such as Vermont, have no Department of Motor Vehicles mechanism. In different states, Department of Motor Vehicles staff may also vary in whether the ODR decision is presented in a positive way to patrons. [START_REF] Rosenblum | Worldwide variability in deceased organ donation registries[END_REF] 

I.D. Prior interventions to increase ODR reveal lessons and limitations. Diverse

approaches to increasing ODR rates have been conducted. Many of these studies were conducted in the Department of Motor Vehicles setting. Many studies were limited by outcome, generalizability, costs, and/or lack of a control intervention. Merion et al. [START_REF] Merion | Internet-based intervention to promote organ donor registry participation and family notification[END_REF] and Vinokur et al. [START_REF] Vinokur | Educational web-based intervention for high school students to increase knowledge and promote positive attitudes toward organ donation. Randomized Controlled Trial Research Support[END_REF] used multimedia internet interventions to present persuasive narratives about an organ donor and the recipient of the organ. The intervention by Merion's group, which was accessed by the general public, did not have a control intervention, [START_REF] Merion | Internet-based intervention to promote organ donor registry participation and family notification[END_REF] and the Vinokur intervention among high school students did not have ODR itself as an outcome. [START_REF] Vinokur | Educational web-based intervention for high school students to increase knowledge and promote positive attitudes toward organ donation. Randomized Controlled Trial Research Support[END_REF] However, these interventions provide important evidence that persuasive narratives may affect behavioral mechanisms that lead to ODR, including knowledge and attitudes.

Quinn et al. employed the tool of testimonials. This interventions featured testimonials transplant recipients and family members, implemented at 12 worksites. The study reported higher ODR among both intervention and control groups. [START_REF] Quinn | Consortium for the Corporate Contributions for L. Design and evaluation of a workplace intervention to promote organ donation. Randomized Controlled Trial Research Support[END_REF] In a study by Fahrenwald et al. among Native Americans, an outreach coordinator used culturally appropriate print materials and video and measured 'motivational readiness' to become an organ donor, which increased among 56.9% of subjects. [START_REF] Fahrenwald | Outcome evaluation of 'sharing the gift of life': an organ and tissue donation educational program for American Indians. Research Support[END_REF] However, generalizability to other ethnic groups is unknown.

Additionally, the scalability of these interventions is likely limited given the resources needed to implement them.

Interventions by Harrison et al. [START_REF] Harrison | Effects of information, education, and communication training about organ donation for gatekeepers: clerks at the Department of Motor Vehicles and organ donor registries. Evaluation Studies Research Support[END_REF] and Thornton et al. [START_REF] Thornton | Effect of an iPod video intervention on consent to donate organs: a randomized trial. Randomized Controlled Trial Research Support[END_REF] were implemented through the Department of Motor Vehicles. Harrison et al. provided training sessions about discussing organ donation for Department of Motor Vehicles clerks. ODR increased in counties where clerks received the education vs. control counties. The intervention may have changed the way that clerks presented the ODR decision to Department of Motor Vehicles patrons. [START_REF] Harrison | Effects of information, education, and communication training about organ donation for gatekeepers: clerks at the Department of Motor Vehicles and organ donor registries. Evaluation Studies Research Support[END_REF] Using handheld phones, Thornton's group enrolled patrons entering Department of Motor Vehicles and showed a 5-minute video displaying a discussion among diverse individuals that addressed barriers to organ donation. The video addressed knowledge by providing facts about lack of organs and also may have promoted the social norm of donation by showing a large number of people explaining why ODR was a positive decision. The intervention group had a 12% higher rate of ODR vs. control. The generalizability of this intervention to individuals unwilling to watch a video and the willingness of Department of Motor Vehicles to integrate this education into their workflow and take it to scale, however, are unknown. 32

I.E. Our conceptual model for testing novel interventions to promote organ donor

registration is built on health behavior theory. Over the last 10 years, in recognition of the barriers to ODR posed by the historical requirement to register only in the in-person setting of the Department of Motor Vehicles, several organizations have developed online portals for ODR to make the process more convenient. [START_REF]Sign up to be an organ donor[END_REF] This advance enabled the possibility of testing various messaging strategies to promote ODR through internet websites. We find conceptual support for message-based interventions that will appeal to social norms, a persuasive narrative, a gift exchange message and an informational message about the benefits of organ donation to recipients. An appealing control message to promote organ donor registration is also necessary to isolate any independent effects of a theory-based message from a general appeal to register.

We have incorporated insights from the Theory of Reasoned Action [START_REF] Fishbein | Belief, Attitude, Intention, and Behavior: An Introduction to Theory and Research[END_REF] and the Theory of Planned Behavior, theories of behavior change that explicitly address important issueslike social norms -that are leveraged by this project's interventions. [START_REF] Ajzen | From intentions to action: A theory of planned behavior[END_REF] In addition, this study's interventions to increase ODR rates are based on a conceptual foundation from behavioral economics. We use the term behavioral economics to encompass the broad field of cognitive and economic science that focuses on decision-making behavior. [START_REF] Thaler | Nudge: improving decisions about health, wealth and happiness[END_REF] Behavioral economics has been used to explain or influence decisions in the sphere of generous behaviors (e.g., organ donation) [START_REF] Kessler | Organ Allocation Policy and the Decision to Donate[END_REF] and health (e.g., medication adherence). [START_REF] Volpp | A test of financial incentives to improve warfarin adherence[END_REF] Behavioral economics has provided important insights into how systematic biases in individual decision making related to health can lead to choices that worsen health or are inconsistent with that individual's stated goals.

However, these biases can also be used to improve health through the changes in how decisions are structured. [START_REF] Loewenstein | Asymmetric paternalism to improve health behaviors[END_REF][START_REF] Volpp | Comparative effectiveness--thinking beyond medication A versus medication B[END_REF] For example, making one choice the default, or highlighting one choice as consistent with a social norm, can lead to a higher probability that the choice is selected.

The Theory of Reasoned Action and the Theory of Planned Behavior provide complementary insights into the factors that influence a behavior such as ODR without explicitly addressing decision architecture. These theories posit that behaviors are driven by intentions that are shaped by attitudes and social norms. The Theory of Planned Behavior additionally emphasizes that an individual's perception of control over a behavior strongly influences whether that behavior will take place. These theories have been applied successfully to better understand or predict diverse health behaviors including ODR and as the basis for effective health behavior interventions. [START_REF] Glanz | Health Behavior and Health Education: Theory, Research and Practice[END_REF] Table 1 shows the barriers to ODR that each intervention will address.

I.E.1. An intervention message based on social norms: Consistent with the Theory of

Reasoned Action, the intention to perform a behavior is strongly influenced by social norms. [START_REF] Fishbein | Belief, Attitude, Intention, and Behavior: An Introduction to Theory and Research[END_REF] Social norms have been shown to affect a range of behaviors related to public health such as alcohol abuse among adolescents [START_REF] Botvin | Preventing binge drinking during early adolescence: one-and two-year follow-up of a school-based preventive intervention[END_REF] and non-consensual sex, [START_REF] Fabiano | Engaging men as social justice allies in ending violence against women: evidence for a social norms approach[END_REF] as well as non-health behaviors such as charitable giving, energy conservation, and tax evasion. [START_REF] Schultz | The constructive, destructive, and reconstructive power of social norms[END_REF][START_REF] Goldstein | A Room with a Viewpoint: Using Social Norms to Motivate Environmental Conservation in Hotels[END_REF][START_REF] Frey | Social Comparisons and Pro-Social Behavior: Testing 'Conditional Cooperation' in a Field Experiment[END_REF] We highlight that ODR is a decision that may feel unfamiliar to many individuals. The influence of social norms may also be magnified when an individual confronts a situation that 
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poses uncertainty. [START_REF] Fishbein | Belief, Attitude, Intention, and Behavior: An Introduction to Theory and Research[END_REF] Cialdini et al. distinguished between descriptive norms (i.e. behaviors that most people actually do) and injunctive norms (i.e. behaviors that people believe one ought to do). [START_REF] Cialdini | Social influence: compliance and conformity[END_REF] The effectiveness of descriptive norms may depend on the extent to which an individual identifies with the reference group. For example, an individual may be more likely to register as an organ donor if the message emphasizes that registration is common among people that the individual identifies with. The intervention message will focus on a descriptive norm (other people like you are registering to be organ donors), although an injunctive norm (ODR is an action that others respect) might also be effective. A message emphasizing the social norm of ODR could overcome social or cultural concerns about organ donation and reinforce the sense that ODR provides social benefits. By highlighting to the individual that ODR addresses an important need, the intervention may also improve knowledge about the lack of organs for transplantation. This presentation of social norms may also help overcome concerns that endof-life care will be compromised for donors since the message content suggests that many Americans have registered as organ donors, and presumably some overcame similar concerns.

I.E.2. An intervention message based on persuasive narrative:

Persuasive narrative has been used in diverse contexts, including public health, to change behaviors. In other studies, narrative messages have been employed to improve cancer screening rates, [START_REF] Dillard | Narratives that address affective forecasting errors reduce perceived barriers to colorectal cancer screening[END_REF] to promote smoking cessation, [START_REF] May | Smoking cessation through a novel behavior modification technique[END_REF] and to reduce health-behaviors associated with HIV infection. [START_REF] Berkley-Patton | Adapting effective narrative-based HIV-prevention interventions to increase minorities' engagement in HIV/AIDS services[END_REF] Krueter et al. defined a narrative as "any cohesive and coherent story … that provides information about scene, characters, and conflict." [START_REF] Hinyard | Using narrative communication as a tool for health behavior change: a conceptual, theoretical, and empirical overview[END_REF] Narratives commonly engage an individual's experiential mode of cognition (versus the analytic mode). [START_REF] Epstein | Integration of the Cognitive and Psychodynamic Unconscious[END_REF] Narratives can elicit strong affective responses and provide an individual with a sense of being "transported." Ni some cases, narratives can transmit factual information within the context of the story. Through these mechanisms, an effective narrative can overcome resistance to a behavior, address emotional conflicts, and improve knowledge about a behavior. [START_REF] Kreuter | Narrative communication in cancer prevention and control: a framework to guide research and application[END_REF] In some settings, a narrative may be more effective than presentation of statistical evidence. [START_REF] Dillard | Risk perception measures' associations with behavior intentions, affect, and cognition following colon cancer screening messages[END_REF] As an example, Small et al. performed a trial in which subjects were presented with the choice of whether to donate money to the Save the Children charity; the appeal was framed as a narrative about an individual African child, vs. a statistical description of the number of hunger victims in Africa, vs. a combined narrative and statistical description. The narrative alone produced the highest level of donations while the statistical description provided the lowest.

Surprisingly, the combination of narrative with statistical description led to a lower donation rate than narrative alone. [START_REF] Small | Helping a victim or helping the victim[END_REF] Notably, appeals for organ donation often rely on statistical descriptions about the tens of thousands of individuals on the transplant waiting list, which may be ineffective because of the inability of registrants to relate to large numbers of suffering people.

We will present a narrative that focuses on how organ donation was well integrated into the end-of-life care of one donor and greatly relieved the suffering of a transplant recipient. The narrative may therefore address the participant's concerns that ODR compromises end-of-life care. By focusing on the recipient's healthy, productive life and eliciting an affective response of sympathy, the narrative might be able to overcome a registrant's reluctance to think about death. Likewise, through the description of the way the transplant recipient suffered while on the waiting list, the narrative may relieve concerns about the fairness of organ allocation.

I.E.3. An intervention based on gift-exchange (also known as reciprocation):

A number of social scientists, including Mauss and Cialdini, [START_REF] Mauss | The gift; forms and functions of exchange in archaic societies Cohen & West[END_REF][START_REF] Cialdini | Influence: The Psychology of Persuasion[END_REF] have described the sense of social obligation that is created when an individual receives a gift. [START_REF] Cialdini | Influence: The Psychology of Persuasion[END_REF] Providing a gift has been used to promote behaviors in fields including marketing, charitable donations, and survey administration. [START_REF] Halpern | Commentary: Improving response rates to mailed surveys: what do we learn from randomized controlled trials?[END_REF][START_REF] Falk | Gift Exchange in the Field[END_REF] In this study, one intervention will offer three wristbands promoting organ donation before asking the individual to consider ODR. When subjects arrive at the message page, they will simply have to enter their mailing address and will receive the wristband regardless of whether the individual registers as an organ donor.

This intervention is novel in its application of a widely-studied norm to influence a behavior with strong positive effects on public health. A concrete example of the effectiveness of reciprocity in another health-related setting, however, can be found in the marketing strategies of pharmaceutical representatives. [START_REF] Orlowski | The effects of pharmaceutical firm enticements on physician prescribing patterns. There's no such thing as a free lunch[END_REF] Until recently, the pharmaceutical sales force commonly provided gifts to physicians, e.g., pens, note-pads with corporate logos or meals. Although doctors often discounted the influence of these items, studies showed that these gifts were associated with higher prescribing rates for promoted medications or greater likelihood that doctors would ask that promoted medications be added to the formulary. [START_REF] Chren | Physicians' behavior and their interactions with drug companies. A controlled study of physicians who requested additions to a hospital drug formulary[END_REF][START_REF] Sah | Effect of reminders of personal sacrifice and suggested rationalizations on residents' self-reported willingness to accept gifts: a randomized trial[END_REF][START_REF] Dana | A social science perspective on gifts to physicians from industry[END_REF] A small gift may alleviate the sense that registering as a donor does not benefit the registrant. By wearing the wristband or giving one to others, the registrant can demonstrate their intention to commit a generous act and earn respect. The wristbands provide social value.

I.E.4. An intervention message focused on increasing knowledge about donation and transplant:

The empirical evidence summarized above provides limited evidence that lack of information about the benefits of organ donation to organ recipients is a major impediment to ODR. However, it is possible that some individuals would register as organ donors if they lacked knowledge about positive health outcomes after transplantation. Lack of knowledge is also proposed as a barrier to behavior change in some other theoretical frameworks such as social cognitive theory. [START_REF] Bandura | Social foundations of thought and action : a social cognitive theory[END_REF] Therefore, there is an acceptable theoretical basis to include an informational message as a separate intervention. kidneys. The KDRI is rescaled from 0 to 100% (lower is better) and renamed the kidney donor profile index (KDPI) to facilitate interpretation for clinicians (e.g., a KDPI of 85% implies that the kidney's graft failure risk is higher ≥85% of the reference population of donated kidneys). Dr.

I.F. The large number of kidneys donated for transplantation that

Reese, and other groups, have demonstrated that the KDPI is an accurate predictor of kidney discard. [START_REF] Reese | New Solutions to Reduce Discard of Kidneys Donated for Transplantation[END_REF][START_REF] Marrero | Predictors of Deceased Donor Kidney Discard in the United States[END_REF] However, even kidneys with the lowest quality (highest KDPI scores) may still improve life expectancy vs. remaining wait-listed for many patients. had a lower cumulative death rate than patients still waiting for transplant. [START_REF] Massie | Survival benefit of primary deceased donor transplantation with high-KDPI kidneys[END_REF] This survival benefit from transplant is consistent with prior analyses focused on kidneys from deceased donors labeled "extended criteria" and kidneys from donors with diabetes (Dr. Reese coauthored this work). [START_REF] Cohen | Survival Benefit of Transplantation with a Deceased Diabetic Donor Kidney Compared with Remaining on the Waitlist[END_REF] Taken together, these findings suggest a substantial opportunity to transplant many currently discarded kidneys. These discarded kidneys would not be an ideal choice for every kidney transplant candidate. However, when observing that over 90,000 US patients are waiting for a kidneymany of whom are old and may not survive to transplant with a standard organ -it is very likely that suitable patients could be identified for many discarded kidneys. 67 and discarded (red bars) if the French approach to organ acceptance had been implemented in the US. In the figure, the red line shows the number of kidneys that would hypothetically have been transplanted instead of discarded, each year, if US centers adopted the more 'liberal' approach to kidney acceptance in France. Over the study period, a total of 17,435 additional kidney would have been transplanted if the US adopted a French-style approach to kidney acceptance.

While this study revealed substantial differences in willingness to transplant kidneys with risk factors for allograft failure including elevated donor age, death by CVA, or the presence of comorbidities, the study was not designed to illuminate the reasons for high discard rate in the US. [START_REF] Reese | Assessment of the Utility of Kidney Histology as a Basis for Discarding Organs in the United States: A Comparison of International Transplant Practices and Outcomes[END_REF] For example, the high discard rate in the US may be driven by a regulatory environment that penalizes centers harshly for failed transplants, [START_REF] Reese | New Solutions to Reduce Discard of Kidneys Donated for Transplantation[END_REF][START_REF] Maenosono | Saving Lives by Saving Kidneys for Transplant[END_REF] or by problems with the process of organ quality evaluation. As a result, for Study Two, our research group next examined the issue of deceased donor kidney quality evaluation, which differs across countries.

As many scientific groups have pointed out, including Lentine et al, a high percentage of donated kidneys in the US undergo kidney biopsy, despite major concerns that peri-allocation biopsies may not yield high quality information. [START_REF] Lentine | Procurement Biopsies in Kidney Transplantation: More Information May Not Lead to Better Decisions[END_REF][START_REF] Carpenter | Procurement Biopsies in the Evaluation of Deceased Donor Kidneys[END_REF][START_REF] Lentine | Variation in use of procurement biopsies and its implications for discard of deceased donor kidneys recovered for transplantation[END_REF] However, in some transplant centers in France and Belgium, deceased donor kidneys are rarely if ever biopsied as part of the allocation process. Yet, these kidneys are biopsied on the back table after organ acceptance. Those biopsies are not used to decide if the kidney will be accepted. Instead, the biopsies are read processed and interpreted later by expert renal pathologists and used to guide clinical care. This contrast between US and European practice enabled us to take the novel approach of examining whether kidney biopsies incrementally improve the prediction of allograft failure, beyond routinely collected data about deceased donors. 69

I.G. Transplanting organs from deceased donors infected with hepatitis C virus could

substantially increase the number of kidney transplants, but there remain concerns about long-term risks associated with this practice. Study Three focuses on measuring longer-term kidney function, immunological and infectious outcomes among recipients of HCVviremic kidneys who participated in two pioneering pilot trials.

Our group recently reviewed recent trends in transplanting HCV-viremic donor kidneys in the US. [START_REF] Daloul | A review of kidney transplantation from HCV-viremic donors into HCV-negative recipients[END_REF] Historically, kidney transplant recipients with HCV infection had worse mortality and graft failure rates versus recipients without HCV [START_REF] Heo | Long-term Patient and Graft Survival of Kidney Transplant Recipients With Hepatitis C Virus Infection in the United States[END_REF][START_REF] Scott | Adverse impact of hepatitis C virus infection on renal replacement therapy and renal transplant patients in Australia and New Zealand[END_REF][START_REF] Batty | Hepatitis C virus seropositivity at the time of renal transplantation in the United States: associated factors and patient survival[END_REF] . Prior to the development of direct acting antiviral therapies for HCV, most organs from HCV-infected potential organ donors were discarded. The reason for refusing to transplant these kidneys was the poor HCV treatment options, which generally required interferon, often accompanied by ribavirin. These therapies put transplant recipients at risk for allograft rejection, often caused difficult side-effects such as flu-like syndrome, and commonly failed to cure the virus (estimated cure rates of 32.8% for IFN-RIB and 40.6% in Pegylated IFN-RIB) [START_REF] Wei | Interferon-based anti-viral therapy for hepatitis C virus infection after renal transplantation: an updated meta-analysis[END_REF] . Because of these risks to the health of the allograft, kidney transplant recipients with HCV often did not receive treatment to cure the HCV [START_REF] Disease | Improving Global O. KDIGO clinical practice guidelines for the prevention, diagnosis, evaluation, and treatment of hepatitis C in chronic kidney disease[END_REF] . In the "interferon era", kidney transplant recipients with chronic HCV infection had a substantially higher risk for death (hazard ratio [HR] 1.50; 95% confidence interval [CI] 1.28-1.75) and graft failure (HR 1.25; 95% CI 1.08-1.47) [START_REF] Heo | Long-term Patient and Graft Survival of Kidney Transplant Recipients With Hepatitis C Virus Infection in the United States[END_REF] .

In light of these poor outcomes among HCV-infected kidney recipients, the typical approach in North America was to offer deceased donor kidneys from HCV-seropositive donors only to wait-listed patients who already had chronic HCV infection (or at many centers, the approach was to refuse all HCV-seropositive organs). [START_REF] Disease | Improving Global O. KDIGO clinical practice guidelines for the prevention, diagnosis, evaluation, and treatment of hepatitis C in chronic kidney disease[END_REF] Nevertheless, a few centers carried out the practice of transplanting organs from HCV-seropositive donors into negative recipients.

Before a review of these data, it is important to note a limitation in data quality. Specifically, during the 1990s, donors were only evaluated for HCV-antibody, not with direct measurement of HCV RNA. Therefore, some HCV-seropositive donors might no longer have had active HCV infection. One study examined registry data (reported to the United States Renal Data System) on kidney transplants taking place between 1994 and 1998. This study found that 34% of organs from donors with positive HCV serology (meaning, HCV-antibody) were transplanted into transplant candidates with negative HCV serology [START_REF] Bucci | Donor hepatitis C seropositivity: clinical correlates and effect on early graft and patient survival in adult cadaveric kidney transplantation[END_REF] . Similarly, a more recent analysis used national US registry data from the Organ Procurement and Transplant Network (OPTN) from 1994 and 2014; this study identified 421 HCV-seronegative patients who accepted kidney transplants from HCV-seropositive donors 81 . These recipients had worse five-year survival rates (57% vs 79%; P < 0.001) and lower 5-year graft survival (44% vs 66%, P < 0.001) and patient survival (57% vs 79%; P < 0.001) when compared to HCV-seronegative recipients of HCVseronegative kidneys 81 . In the "interferon era", this uncommon practice of transplanting HCVseropositive into negative wait-listed patients was motivated by a conviction that specific, vulnerable patients might never survive long enough to be transplanted with a "conventional kidney"; therefore, for some patient groups (such as the elderly), the benefits of transplant might outweigh the risks associated with de-novo, donor-derived HCV infection. In support of this concept, HCV-seronegative recipients who received a kidney transplant from HCV-seropositive donor had better 5-year survival (68% vs 43%; P < .001) compared to patients who remained on the waiting list without a transplant 81 . Of course, the findings of these studies might be limited by unmeasured confounding.

I.G.1. The advent of direct-acting antiviral therapy for HCV treatment created new potential for transplantation of organs from donors with HCV infection into uninfected

recipients. Direct-acting antiviral medications have high cure rates, can be given orally, and often have tolerable side effect profiles. Cure rates exceed 95% across different agents [START_REF] Feld | Sofosbuvir and Velpatasvir for HCV Genotype 1, 2, 4, 5, and 6 Infection[END_REF][START_REF] Feld | Sustained virologic response of 100% in HCV genotype 1b patients with cirrhosis receiving ombitasvir/paritaprevir/r and dasabuvir for 12weeks[END_REF][START_REF] Foster | Sofosbuvir and Velpatasvir for HCV Genotype 2 and 3 Infection[END_REF][START_REF] Younossi | Ribavirin-Free Regimen With Sofosbuvir and Velpatasvir Is Associated With High Efficacy and Improvement of Patient-Reported Outcomes in Patients With Genotypes 2 and 3 Chronic Hepatitis C: Results From Astral-2 and -3 Clinical Trials[END_REF][START_REF] Panel | Hepatitis C Guidance 2018 Update: AASLD-IDSA Recommendations for Testing, Managing, and Treating Hepatitis C Virus Infection[END_REF] .

These regimens do not require interferon. Multiple DAAs therapies are available with some having efficacy against all HCV genotypes (such as glecaprevir/pibrentasvir and sofosbuvir/velpatasvir) and some used in patients with estimated glomerular filtration rate <30 mL/min/1.73 m 2 or ESRD (such as glecaprevir/pibrentasvir, sofosbuvir/velpatasvir and Elbasvir/grazoprevir).

I.G.2. The US has many potential deceased organ donors with HCV-infection.

The opioid epidemic has driven a substantial spread of HCV infection among individuals who later die of a drug overdose and are considered for organ donation. [START_REF] Chute | Effect of the Opioid Crisis on the Donor Pool for Kidney Transplantation: An Analysis of National Kidney Deceased Donor Trends from 2010-2016[END_REF][START_REF] Durand | The Drug Overdose Epidemic and Deceased-Donor Transplantation in the United States: A National Registry Study[END_REF][START_REF] Wanis | The Effect of the Opioid Epidemic on Donation After Circulatory Death Transplantation Outcomes[END_REF][START_REF] Goldberg | Improving Organ Utilization to Help Overcome the Tragedies of the Opioid Epidemic[END_REF][START_REF] Goldberg | Improvements in organ donation: Riding the coattails of a national tragedy[END_REF] Historically kidneys from HCV-viremic donors were discarded more than they were transplanted. [START_REF] Reese | Transplanting Hepatitis C-Positive Kidneys[END_REF] For example, nearly one-third (32.8%) of kidneys from HCV-viremic donors were not transplanted in the six-month period from 1/1/19-6/30/19. Many HCV-viremic donors whose kidneys were not transplanted had favorable characteristics (median age: 41 years; median creatinine: 1.4mg/dL) which suggests that hundreds of viable kidneys from HCV-viremic donors went unused. This count of unused HCV-viremic kidneys underestimates the potential supply because OPTN registry data only include donors for whom at least one organ was recovered with the intent to transplant.

However, as shown in Figure 3 (courtesy of Dr. David Goldberg), the number of kidneys from HCV-infected donors has steadily increased over time. 92 The EXPANDER (Exploring Renal Transplant Using Hepatitis C Infected Donors for HCV-Negative Recipients) [START_REF] Durand | Direct-Acting Antiviral Prophylaxis in Kidney Transplantation From Hepatitis C Virus-Infected Donors to Noninfected Recipients: An Open-Label Nonrandomized Trial[END_REF] was carried out a Johns Hopkins University. Ten HCV-negative patients received kidneys from HCV-viremic deceased donors [START_REF] Durand | Direct-Acting Antiviral Prophylaxis in Kidney Transplantation From Hepatitis C Virus-Infected Donors to Noninfected Recipients: An Open-Label Nonrandomized Trial[END_REF] , with no restriction to organ donors of a particular HCV genotype. These kidney transplant recipients were treated with elbasvir-grazoprevir (supplemented with sofosbuvir for recipients in whom HCV genotypes 2 and 3 were detected). In contrast to THINKER, direct acting antiviral therapy was started immediately prior to transplant and continued for 12 to 16 weeks post-transplantation. All recipients achieved SVR-12 and none experienced treatment-related adverse events.

I.G.4. Since the publication of one-year results from the THINKER and EXPANDER trials, other centers have shown promising results using HCV-viremic kidneys for II) Objectives of the Thesis

The overall objective of this thesis was to develop and test novel and diverse methods to increase the number of organs donated for transplantation. Each study applied a strategy to increase the number of organs by focusing on a different step in the process of promoting organ donation, evaluating the quality of organs and testing the use of organs considered higher risk of allograft failure or disease transmission.

1) The specific objective of the first study was to evaluate the effectiveness of five theoryinformed appeals for organ donation donor registration using online advertising.

2) The specific objective of the second study was to determine whether the pathology results obtained from biopsies of deceased donor kidneys added incremental value in predicting kidney transplant failure beyond a robust baseline set of donor and recipient characteristics.

3) The specific objective of the third study was to describe longer-term outcomes of two pilot trials involving transplantation of kidneys from deceased donors with hepatitis C virus infection, which were frequently discarded prior to the development of new antiviral therapies.

Introduction

For decades, innovations in solid organ transplantation have extended the lives and reduced the suffering of patients with end-stage organ disease. Unfortunately, the transplant waiting list in the US comprised approximately 110,000 at the time of this writing. [START_REF]Organ Donor Statistics[END_REF] Each year, approximately 7,000 Americans die waiting for an organ. [START_REF]Organ Donor Statistics[END_REF] Given the tremendous burden of kidney disease on US public health, the Advancing American Kidney Health Initiative has established the goal of doubling the number of kidneys available for transplant, but effective approaches to achieving that goal are needed. [START_REF] Donald | Executive Order on Advancing American Kidney Health[END_REF] Wide regional variation in organ donor registration rates has drawn scrutiny as an opportunity to expand organ donation and transplantation. [START_REF] Rosenblum | Worldwide variability in deceased organ donation registries[END_REF] The fields of behavioral economics and psychology have shown how choice architecture, defined as the way a choice is presented, can exert large effects on many decisions. [START_REF] Loewenstein | Asymmetric paternalism to improve health behaviors[END_REF][START_REF] Thaler | Nudge: improving decisions about health, wealth and happiness[END_REF][START_REF] Halpern | Harnessing the power of default options to improve health care[END_REF] Yet, the optimal approaches to messaging and presenting the option of organ donor registration to the general public are not yet defined. Many prior studies focused on surrogate outcomes such as intention to register or attitudes about organ donation but not actual organ donor registration. [START_REF]Organ Donation: Opportunities for Action[END_REF][START_REF] Thaler | Nudge: improving decisions about health, wealth and happiness[END_REF] A large body of research into organ donor registration has suggested that individuals may not register as organ donors for a variety of reasons. Organ donor registration includes no tangible benefits to the registrant. Other important psychological barriers may include reluctance to think about one's own death, lack of trust in the health care system, lack of knowledge about successful outcomes with transplantation, or concerns about adverse consequences for end-oflife care. [START_REF] Irving | Factors that influence the decision to be an organ donor: a systematic review of the qualitative literature[END_REF][START_REF] Siminoff | Racial disparities in preferences and perceptions regarding organ donation[END_REF] Historically, logistical barriers to organ donor registration included the registration process itself, which in the past, usually included completing paperwork and/or an in-person encounter with a representative from the Department of Motor Vehicles. 100 However, online opportunities to register as an organ donor are now widely available. The ability to take internetbased interventions to scale may also address concerns that many creative efforts to augment organ donor registration have involved in-person interventions, which can be time-consuming, typically achieve modest effects, and are often not cost-effective. [101][102][103] Features of a decision such as framing it within a narrative, [START_REF] Kreuter | Narrative communication in cancer prevention and control: a framework to guide research and application[END_REF] presenting social norms, [START_REF] Cialdini | Social influence: compliance and conformity[END_REF] opt-out, [START_REF] Halpern | Harnessing the power of default options to improve health care[END_REF]104 and gift-giving [START_REF] Dana | A social science perspective on gifts to physicians from industry[END_REF]105 can all influence the outcome. From the perspective of ethics, the manipulation of choice architecture has been proposed as a method to induce changes in how individuals make decisions without restricting the range of choices. [START_REF] Loewenstein | Asymmetric paternalism to improve health behaviors[END_REF][START_REF] Thaler | Nudge: improving decisions about health, wealth and happiness[END_REF] A randomized experiment to test distinct appeals to register as an organ donor, informed by different theories of communication and behavior change, could generate empirical evidence about how to effectively motivate individuals to undertake this generous behavior. From an efficacy perspective, such appeals may leverage insights from psychology and economics as they relate to behavior change. On the other hand, the requirement for an active decision to register as an organ donor would preserve each viewer's autonomy because messages can be ignored and the viewer can maintain the status quo.

For this randomized controlled trial, we developed brief visual appeals for organ donor registration to be deployed online on a range of commercial websites that use advertising banners. The appeals were deployed randomly through the Google advertising network and included an active link to a website where viewers could complete steps toward organ donor registration.

Methods

Overview

Our group developed a series of messages that drew on empirical research about attitudes toward and barriers to organ donor registration for the general public. 106 Instead of selecting an overarching theory of health behavior change that could address the diverse barriers believed to inhibit organ donor registration, we applied multiple behavior change theories when designing interventions. 107 Each theory addressed one of more specific barriers to organ donor registration and provided a rationale for the specific message; the theory and data supporting each message are described further below.

Preliminary text of the messages was first pilot-tested using a convenience sample of adults reached through the Amazon Mechanical Turk online service, a crowdsourcing marketplace, who selected their favorite messages. We restricted participation to adults living in the US and asked that participants self-report demographics and their organ donor registration status (Appendix 1). Next, we developed final versions of the messages through collaboration with a digital marketing firm (https://www.phillymarketinglabs.com) that created and refined the images. The digital marketing firm also purchased the online advertising space and tracked utilization. The University of Pennsylvania Institutional Review Board approved the research (#824775).

Theories and general rationales for the message content

Because online digital advertisements commonly feature attractive images to draw attention, we deployed colorful images in all the messages including the control.

1) Control: The control message in Figure 5a directly encouraged the viewer to register, but did not contain additional information or any persuasive content.

Figure 5a: Control message with a simple appeal for organ donor registration

2) Persuasive Narrative: In the domain of public health, persuasive narratives have been employed to promote diverse health behaviors including cancer screening, [START_REF] Dillard | Narratives that address affective forecasting errors reduce perceived barriers to colorectal cancer screening[END_REF] smoking cessation, [START_REF] May | Smoking cessation through a novel behavior modification technique[END_REF] and to reduce sexual practices associated with HIV infection. [START_REF] Berkley-Patton | Adapting effective narrative-based HIV-prevention interventions to increase minorities' engagement in HIV/AIDS services[END_REF] Kreuter et al.

defined a narrative as "any cohesive and coherent story … that provides information about scene, characters, and conflict." [START_REF] Hinyard | Using narrative communication as a tool for health behavior change: a conceptual, theoretical, and empirical overview[END_REF] Narratives commonly engage an individual's experiential mode of cognition (versus the analytic mode). [START_REF] Epstein | Integration of the Cognitive and Psychodynamic Unconscious[END_REF] The theory of transportation posits that narratives can elicit strong affective responses and provide an individual with a sense of being "transported" if the narrative effectively immerses them in the plot or characters. Through these mechanisms, an effective narrative can overcome resistance to a behavior and address emotional conflicts. Narratives can also transmit factual information. [START_REF] Kreuter | Narrative communication in cancer prevention and control: a framework to guide research and application[END_REF] We selected persuasive narrative as a promising tool for organ donor registration because it could shift the viewer's attention toward the narrative of a recipient and away from thoughts of the viewer's own future death. 108 By focusing on one (hypothetical) transplant 3) Social Norms: Social norms have been shown to affect a range of behaviors related to public health [START_REF] Bandura | Social foundations of thought and action : a social cognitive theory[END_REF] such as alcohol abuse among adolescents [START_REF] Botvin | Preventing binge drinking during early adolescence: one-and two-year follow-up of a school-based preventive intervention[END_REF] and nonconsensual sex, [START_REF] Fabiano | Engaging men as social justice allies in ending violence against women: evidence for a social norms approach[END_REF] as well as nonhealth behaviors such as charitable giving, energy conservation, tax evasion, and job choice. [START_REF] Schultz | The constructive, destructive, and reconstructive power of social norms[END_REF][START_REF] Goldstein | A Room with a Viewpoint: Using Social Norms to Motivate Environmental Conservation in Hotels[END_REF]110,111 The Theory of Planned Behavior features social norms as very important to determining intentions to change behavior. 107 The influence of social norms may be magnified particularly when an individual confronts a situation that poses uncertainty. [START_REF] Fishbein | Belief, Attitude, Intention, and Behavior: An Introduction to Theory and Research[END_REF] Cialdini et al. distinguished between descriptive norms (i.e., behaviors that most people actually do) and injunctive norms (i.e., behaviors that people believe one ought to do). [START_REF] Cialdini | Social influence: compliance and conformity[END_REF] The effectiveness of descriptive norms may depend on the extent to which an individual identifies with the reference group. For example, an individual may be more likely to register as an organ donor if the message emphasizes that registration is common among people similar to that individual.

We developed a message that included social norms because we recognized that most individuals rarely encounter the organ donor registration decision, may never have discussed it with others, and so may feel uncertain about the right decision. The intervention message, shown in Figure 5c, therefore focused on a descriptive norm that registering as an organ donor is a common decision made by many others in the US. A message emphasizing the social norm of organ donor registration could provide the viewer with the sense that registering as a donor is a sensible decision that many or most of their peers would make. that is created when an individual receives a gift. 106 Providing a gift has been used to promote behaviors in fields including marketing, charitable donations, and survey administration. [START_REF] Halpern | Commentary: Improving response rates to mailed surveys: what do we learn from randomized controlled trials?[END_REF][START_REF] Falk | Gift Exchange in the Field[END_REF] The sense of obligation to reciprocate to a gift has also been viewed as a social norm by Cialdini and others.

As shown in Figure 5d, we elected to offer a small and inexpensive gift of a wristband that was not contingent on registering as an organ donor. The gift might alleviate the sense that registering as a donor does not benefit the registrant. Further, the wristband promoted organ donor registration, which might be interpreted by others as a sign of virtuous behavior. By wearing the wristband or giving one to others, the registrant can demonstrate their intention to commit a generous act and earn respect. Therefore, the wristbands could also provide social value. By focusing on a large but anonymous set of recipients, this message contrasted in particular with the persuasive narrative message. Lack of knowledge is also proposed as a barrier to behavior change in some theoretical frameworks such as social cognitive theory. 62 browsing on desktops, mobile devices, and tablets were included. Advertisements would only be delivered if the user did not need to scroll to view. Any viewer who clicked on the advertisement would be directed to an organ donation portal hosted by the non-profit Organize (https://www.organize.org), which required the registrant to enter basic demographic identifying information and then registered that person within their state registry. The Reciprocity message also had a button (Figure 5d) which a viewer could use to enter his or her address to receive an organ donation wristband.

The advertisements targeted adults ≥18 years of age in the US and were displayed in English and Spanish. The advertisements excluded websites with violent, sexually suggestive, profane or juvenile content, in-game websites, live streaming video, photo sharing pages, and social networks. We also implemented frequency capping at one impression per advertisement view. An impression is defined as an event of the advertisement appearing on a search result page or other digital site on the internet. Each advertisement had a tracking parameter, which enabled tracking individuals by type of message and generation of data related to clicks and click-throughs. The data were analyzed using Google Analytics. The research group did not have access to registrant personal information, but instead received summary data related to clicks and organ donor registration by message type.

Statistical analysis

We performed a chi-square test of the hypothesis that the click-through rate is independent of the message type. We next performed a chi-square and Fisher's exact test of the hypothesis that the registration rate (number of registrations per click) is independent of the message type.

We also obtained 95% confidence intervals (CI) for the rates based on the Binomial distribution and plotted the rates (with 95% CI) versus message type. Analyses were performed using Stata 16.0 (StataCorp, College Station, TX.)

Results

The advertisements were deployed for 3 days, at a cost of approximately $12,550, leading to a total of 5,156,048 impressions. Table 2 shows the study results. requested wristbands through the Reciprocity message. We performed a chi-square test of the hypothesis that the click-through rate is independent of the message type. As shown in Figure 6, the chi-square analysis indicated that the click-through rate does vary according to message type (p-value < 0.0005.) 

Discussion

The profound need for transplantable organs has motivated research and investment in promoting organ donor registration and other steps toward actual organ donation. We used theory from behavioral economics and psychology to develop messages with immediate callsto-action for organ donor registration through online banners deployed widely on the internet. By documenting click-throughs to an online organ donation registration system, we documented 52 registrations that resulted from the advertisements. While we rapidly generated a large number of impressions, no particular message led to a meaningfully greater number of registrations than any other. This finding suggests that success in future efforts to promote organ donor registration may depend less on the exact content of the message and more on capturing the attention of potential registrants.

Organ donor registration is a generous behavior that comes at no cost to the registrant.

Unfortunately, logistical barriers including paperwork or an in-person Department of Motor

Vehicles encounter have inhibited high rates of registration in many areas. This barrier may be overcome by more convenient online interfaces that facilitate organ donor registration, but convenience is not sufficient. For specific individuals, additional barriers to opt-in registration may include anxiety about considering one's own death, concern that physicians will withhold life-saving therapies in the setting of critical illness to procure organs, low trust in the healthcare system, religious concerns, or other sources of ambivalence. Other studies have tested a wide variety of more resource-intensive approaches to changing attitudes and beliefs about organ donor registration, including one-on-one counseling, group education led by transplant professionals or peer counselors, in-person promotion at sporting events, counseling by hairstylists, and video education and discussion by primary care doctors. This concern is important since most individuals in the general population will never become an organ donor because the circumstances of their death (e.g., involving disseminated infection or cancer) are incompatible with donation. 101,114,115 A large number of additional registrations may be necessary to drive meaningful increases in actual transplantation.

Behavioral economics offers a range of insights including the power of social norms that may nudge individuals to make decisions in the setting of uncertainty or ambivalence. One important feature of the organ donor registration decision is that individuals may never or only occasionally be presented with an opportunity to register. We designed the interventions in this study to present an opportunity for organ donor registration that was convenient, efficient, and scalable. The messages could be ignored without any social cost or other threats to autonomy and anonymity. The overall click-through rate for our messages of 0.49% is typical of advertisements on the Google Display Network, which do not target viewers based on their intent in internet browsing (in contrast, Search Network advertisements appear in response to specific terms entered into a search engine). 116 Because our organ donation messages were not targeted to users with organ donation in mind, our messages had to compete with other compelling sources of attention by viewers from the primary webpage content (e.g., an article or consumer product) or other advertisements on the page, which may explain the modest number of registrations.

Future interventions may need to run for longer periods to generate a substantial number of registrations. Future efforts should try to take advantage of settings where there is less information competing for recipients' attention, where registration is convenient and where an organ donation message can more easily focus an individual's attention, such as an ATM transaction or online tax preparation or social media. Alternatively, the message content could be repurposed with face-to-face encounters, at higher cost but perhaps greater effectiveness.

The study had limitations. We have no data on reasons for not completing organ donor registration, which may include concerns about information security or fraud. Another limitation is that some individuals who registered as organ donors may have already been registered in their states. A third limitation is that the Reciprocity intervention required mailing wristbands, which required extra time and expense. An additional limitation is that the intervention was neither customized to the needs of demographic groups such as minorities or the elderly nor focused on individuals more likely to die in a way that makes organs available for transplant, such as motorcycle drivers. 117 On the other hand, an organ donation message that had broad appeal for diverse groups might still remain an important goal for organ donation interventions.

Last, future organ donor registration campaigns will benefit from delivering the message in a way that is widely accessible; online approaches may not succeed in reaching important groups such as elderly individuals (who may donate organs at lower rates), 118 those without digital literacy or people without consistent internet access. Future research may also succeed in capturing the attention of policy-makers if investigators make efforts to assess costeffectiveness.

In conclusion, a trial of theory-informed organ donation messages delivered through online advertisements generated substantial attention with 25,001 clicks over three days, but no one message led to meaningful numbers of organ donor registrations. Future research into organ donor registration may focus less on the exact content of the message and more on better capturing the attention of viewers through social networks or other convenient online venues with less competition for viewer attention.

.

Introduction

Nearly 95,000 patients are waiting for a kidney transplant in the US, but only 14,725 deceased donor transplants were performed in the year 2018. 119 Despite the scarcity of organs, thousands of deceased donor kidneys are discarded each year in the US. [START_REF] Reese | New Solutions to Reduce Discard of Kidneys Donated for Transplantation[END_REF]120,121 The White House introduced in 2019 the Advancing American Kidney Health initiative and advocacy groups such as the National Kidney Foundation have invested major efforts in reducing organ discard and setting aggressive goals to improve access to kidney transplantation in the US. [START_REF] Donald | Executive Order on Advancing American Kidney Health[END_REF]120 These initiatives treat the need to increase the number of kidneys for transplant as a major public health priority.

One of the leading reasons for kidney discard by US centers is the use of biopsies in the decision making process due to concern about renal pathology findings, such as glomerulosclerosis, fibrosis and arteriosclerosis often found in older donors or those with comorbidities. 122 In a study spanning the years 2000 -2015, biopsy findings were cited for 38.2% of US kidney discards. 121 However, growing evidence suggests that many discarded kidneys could instead be transplanted and provide substantial health benefits to patients with end-stage kidney disease. [START_REF] Massie | Survival benefit of primary deceased donor transplantation with high-KDPI kidneys[END_REF][START_REF] Aubert | Disparities in Acceptance of Deceased Donor Kidneys Between the United States and France and Estimated Effects of Increased US Acceptance[END_REF] Unfortunately, biopsies performed during allocation may not provide accurate guidance about how these kidneys would function after transplant because the biopsy tissue may be interpreted under time pressure by pathologists without specific expertise in renal pathology. [START_REF] Carpenter | Procurement Biopsies in the Evaluation of Deceased Donor Kidneys[END_REF] Yet, convincing transplant professionals to forego allocation biopsies may be difficult without

showing that judgments about organ quality will not be improved by taking into account information about renal histology.

Prior studies suggest that the reproducibility of procurement biopsy findings is poor, there is wide geographic variation in the US about which kidneys get a biopsy, and transplant centers collectively have no systematic approach to integrating the biopsy results into decisionmaking. [START_REF] Carpenter | Procurement Biopsies in the Evaluation of Deceased Donor Kidneys[END_REF][START_REF] Lentine | Variation in use of procurement biopsies and its implications for discard of deceased donor kidneys recovered for transplantation[END_REF] Our group recently demonstrated that US transplant centers commonly discard kidneys that would have been transplanted in Europe, particularly kidneys from older donors and those with comorbidities. [START_REF] Aubert | Disparities in Acceptance of Deceased Donor Kidneys Between the United States and France and Estimated Effects of Increased US Acceptance[END_REF] In addition, that study showed that the kidneys discarded in France came from much older donors than in the US (61.58 years vs 52.15 years) and had a higher kidney donor risk index than kidneys discarded in the US (2.03 vs 1.83). One key difference in allocation between countries is that approximately half of US deceased donor kidneys undergo allocation biopsy and centers often cite those results as the rationale for refusing that kidney. 121 In contrast, kidneys are rarely biopsied in the process of allocating kidneys in France, Belgium and other European transplant systems. 128 Some European centers routinely perform preimplantation allograft biopsies in kidneys after organ acceptance, so that biopsy results do not interfere with the decision making process of organ acceptance. This standard practice of preimplantation kidney biopsy that is unrelated to organ acceptance decisions provides a robust and unprecedented opportunity to examine the range of pathologic abnormalities and the clinical relevance of histological lesions to post-transplant outcomes.

The primary aim of this study was to determine whether pre-transplant biopsy results improve the prediction of allograft survival over routinely-collected donor characteristics. The second aim was to estimate post-transplant outcomes for US kidneys that were biopsied and discarded by matching those kidneys to very similar allografts that were transplanted at centers in Europe.

Methods

Study population

European cohorts

The derivation cohort consisted of 1,629 patients over 18 years of age who were prospectively enrolled at the time of kidney transplantation from a deceased donor at Necker Hospital (n=920)

and Saint-Louis Hospital (n=709) in France between January 1, 2004, and January 1, 2014

We excluded patients receiving kidneys from living donors (n=494) as well as deceased donor kidneys with biopsy performed but inadequate for full pathologic interpretation according to the international Banff classification (n=214). All data were anonymized and prospectively entered at transplantation, at 3 months, 6 months, 1-year post-transplant and at each transplant In France, the transplantation allocation system followed the rules of the French National Agency for Organ Procurement (Agence de la Biomédecine, web site https://www.agencebiomedecine.fr). Centers from Belgium followed the rules of the Eurotransplant allocation system (https://www.eurotransplant.org/cms/).

Cohort of US discarded kidneys based on histology results

This cohort consisted of deceased donor kidneys that were recovered for transplantation, biopsied as part of the kidney allocation process, and then discarded due to low organ quality due by "biopsy findings" between 2015 and 2016 (n=1103). Data were obtained from the Organ 

Outcomes

The primary outcome was the additional predictive value of kidney histology over routinelycollected donor characteristics to predict allograft failure as measured by change in C-index in models with and without histological characteristics. The secondary outcome was predicted post-transplant outcomes for US kidneys that were biopsied and discarded by matching those kidneys to very similar allografts that were transplanted at centers in Europe.

Procedures and clinical protocols

The following parameters were collected in the derivation cohort: (1) 

Kidney allograft biopsy protocol performed at the time of transplantation

All deceased donor kidneys underwent preimplantation biopsies (referred to as "Day-0") according to a prespecified protocol in the derivation cohort. These biopsies were performed by surgeons using a 16-gauge device in the operating suite after a definitive decision was made to accept the kidney for transplantation. The tissue was immediately fixed in an alcohol-formalinacetic acid solution and subsequently embedded in paraffin. The biopsy sections (4 μm) were stained with periodic acid-Schiff, Masson's trichrome, and haematoxylin and eosin. Using the international Banff criteria, trained renal pathologists graded the graft biopsies using the following criteria: glomeruli number, number of sclerotic glomeruli, arteriosclerosis (vascular fibrous intimal thickening -cv Banff score), arterial hyalinosis (ah Banff score), and interstitial fibrosis and tubular atrophy (IFTA). For each criterion, single Banff scores (not ranges) were provided. 130

Kidney Donor Risk Index (KDRI) calculation

The KDRI score was calculated based on the following donor parameters: age, height, weight, history of hypertension, history of diabetes, cause of death (cerebral stroke), serum creatinine at donation, hepatitis C virus (HCV) serostatus, and donation after circulatory death status. 131 Notably, race/ethnicity for organ donors is not recorded in accordance with national French bioethics regulations. As a result, we entered "non-black" for all French donors when calculating KDRI. The KDRI score for any kidney allograft estimates the risk of failure compared to a kidney from a reference donor defined as 40 years old, non-African American, 170 cm tall, weighing 80 kg, with a creatinine level of 1 mg/dL, as well as negative history of hypertension, diabetes and hepatitis C.

Statistical analysis

Continuous variables were described using means and standard deviations (SDs) or median and the interquartile range. We compared means and proportions between groups using Student's t-test, analysis of variance (ANOVA) or the chi-square test (or Fisher's exact test if appropriate).

Predictive models for allograft survival at the time of transplantation

The goal of this analysis was to determine whether Day-0 deceased donor biopsy findings improve the prediction of allograft survival among kidney transplant recipients at two French centers. The analysis was performed from the time of transplantation with kidney graft loss as the event of interest, defined as the patient's return to dialysis or re-transplantation. For patients who died with a functioning graft, graft survival was censored at death. 132 Cox proportional hazards models were applied to quantify the hazard ratios (HRs) and the 95% confidence intervals (CIs) for kidney graft loss. The associations of donor and recipient baseline characteristics, transplant parameters, and immunological factors with graft loss were first assessed in univariate regression analyses. All variables identified in these analyses with a pvalue <0.1 were then entered in the initial multivariable model. A process of backwards selection was then used to select variables for the final multivariable model. Internal validation of the final multivariable model was confirmed using a bootstrap procedure, which involved generating 1,000 datasets derived from resampling the original dataset and permitted the estimation of the biased corrected 95% CI and the accelerated bootstrap HR. 133 The discrimination ability of the final multivariable model was compared to the model with the addition of the Day-0 biopsy results using Harrell's concordance index (C-index). We performed complete case analyses.

External validation. The same analysis was independently replicated among kidney transplant recipients at two Belgian centers in order to assess whether the results obtained in France manifested similarly in Belgium. In this external validation cohort, the same donor and recipient baseline characteristic, transplant parameters, immunological factors and Day-0 histologic factors were investigated.

Procedures for matching US discarded kidneys to kidneys transplanted in Europe

Using Organ Procurement and Transplantation Network/United Network for Organ Sharing data, we identified donor kidneys that were classified as discarded due to "biopsy findings" in the US from the years 2015-2016. We used 1:1 optimal matching without replacement to generate highly-similar matched pairs of kidneys discarded in the US to kidneys transplanted in France. 134 We used an iterative approach to reduce the distance between matched pairs. First, a propensity score model was generated using KDRI, and biopsy findings of glomerulosclerosis, arteriosclerosis, and IFTA. Next, a Mahalanobis distance matrix was constructed using both the 

Value of Day-0 allograft histology in predicting kidney allograft loss in the derivation cohorts

The associations of donor and recipient characteristics, transplant characteristics, and immunological parameters with graft loss were assessed in univariate Cox models (Table 4).

From these parameters selected based on univariate analysis, we identified after multivariable analysis the following significant independent predictors of graft loss (Table 4): KDRI (log transformation) (HR=2.56; 95% CI, (1.92 -3.43); p<0.0001) and the presence of Day-0 circulating DSA (HR=1.89; 95% CI, (1.48 -2.43); p<0.0001). We confirmed the validity and the robustness of the final multivariable model by performing bootstrapping resampling procedure with 1,000 samples (bias corrected 95% CIs and Bias corrected and accelerated bootstrap

[BCA] HRs). The HR 95% CI bootstrap BCA were 1.975-3.299 for the KDRI and 1.469 -2.414 for the anti-HLA DSA on Day-0. The association of Day-0 biopsy results was assessed in univariate analysis (Appendix 3A).

After adjustment, only IFTA remained independently associated with kidney allograft loss (HR: Taken together, these results confirmed the primary analysis that showed no incremental value of Day-0 biopsy in predicting long-term kidney allograft outcomes.

Matching kidneys discarded in the US due to abnormal histopathology to similar kidneys transplanted in Europe

Table 5 shows the characteristics of 1,103 donor kidneys that were discarded due to "biopsy findings" in the US over two years. Prior to matching, the mean donor age for the discarded <0.000 1 Abbreviations: ECD, Expanded criteria donor; DSA, Donor-specific anti-HLA antibodies; HLA, human leukocyte antigen; KDRI, Kidney Donor Risk Index transplanted in France. Figure 8 and Appendices 5 and 6 show that the matched kidneys were highly similar in terms of the KDRI, including donor age, height, weight, history of hypertension, history of diabetes, cause of death (cerebral stroke), serum creatinine at donation, hepatitis C virus (HCV) serostatus, and donation after circulatory death (DCD) status. In addition, matched kidneys were highly similar in term of histology including glomerulosclerosis, arteriosclerosis, and IFTA. After matching, the standardized differences were <0.1 for all variables in the match. Overall, a total of 493 (45%) US kidneys discarded due to histology were matched to kidneys transplanted in France. The matched kidneys were highly similar in terms of the KDRI, including donor age, height, weight, history of hypertension, history of diabetes, cause of death (cerebral stroke), serum creatinine at donation, hepatitis C virus (HCV) serostatus, and donation after circulatory death (DCD) status. In addition, matched kidneys were highly similar in term of histology including glomerulosclerosis, IFTA and arteriosclerosis. * Among the recipients of the matched kidneys transplanted in France, 284 (57.61%) were male, 58 (11.76%) had diabetes, 39 (7.94%) were preemptive transplantations, 75 (15.21) had a prior kidney transplant, 107 (21.70%) had a DSA at the time of transplantation, the mean cold ischemia time was 18.99±7.64 hours, and 163 (33.75%) had delayed graft function.

Supplemental and sensitivity analyses

The associations of donor and recipient characteristics, transplant characteristics, and

Discussion

Kidneys donated for transplantation often provide tremendous benefit to patients with end-organ disease by extending survival and improving quality of life compared to dialysis. 141 As many countries have expanded the pool of allografts by accepting donors who are older with more comorbidities, major questions have emerged about whether pathological examination of donated kidneys helps to better characterize organ quality or instead drives serious inefficiencies in organ allocation. 142 In this large multinational study, we demonstrate that kidney biopsies performed for decision-making in the allocation process did not improve the prediction of allograft survival beyond routinely-available clinical attributes of deceased donors and recipients. Next, we provide evidence that many kidneys discarded in the US due to biopsy findings likely could have been transplanted and improved the lives of waitlisted patients. Specifically, we matched 45% of those discarded kidneys to kidneys with very similar pathologic findings transplanted in France and found that approximately 70% of these matched kidneys were functioning at ten years. These analyses raise serious doubts about the value of using procurement biopsies to guide kidney acceptance decisions and reveal a straightforward opportunity to utilize many kidneys currently being discarded in the US.

These robust findings about the prognostic value of renal histology should challenge clinical practice at many transplant centers because approximately half of deceased donor kidneys in the US undergo allocation biopsy. Our results are bolstered by long-standing concerns about the quality of the samples and the interpretation of biopsies obtained during allocation. 121 Allocation biopsies are often wedge biopsies, prepared by frozen section, and/or interpreted by pathologists without specialized kidney histology training. Additionally, biopsies may be vulnerable to sampling "error" if not representative of the whole organ. Despite these concerns, the act of biopsy has a strong relationship with kidney discard. Marrero et al. examined US deceased donor kidneys from 2000 -2012 and found that a biopsyregardless of pathological resultswas independently associated with more than two times the odds of discard. [START_REF] Marrero | Predictors of Deceased Donor Kidney Discard in the United States[END_REF] On the other hand, the pre-transplant biopsies from European centers that were examined in our study are less susceptible to these quality concerns. The biopsies from the development and validation cohorts were obtained in a standardized fashion at academic transplant centers and then processed and reviewed by the dedicated renal pathologists at those centers as part of usual care and without the time pressure of biopsies obtained and interpreted during organ allocation. Even in this setting of standardized kidney biopsies read by experts, however, Day-0 donor biopsies added no predictive accuracy in the European derivation and validation cohorts.

We also note that while some studies have asserted that wedge biopsies systematically overestimate the degree of kidney glomerulosclerosis, such overestimation would actually lead our study to underestimate the predicted graft survival of the matched European kidneys and reinforce our conclusions that viable kidneys are being discarded. 127,143 Our results suggest a viable pathway to bring transplantation to more patients in the US through better stewardship of the resource of donated kidneys. Using advanced matching methods, we found that 45% of US kidneys discarded for abnormal histology in the US were highly similar in terms of the KDRI quality score and histology to kidneys actually transplanted in France. The ability to find matches for 45% of the discarded kidneys supports our clinical intuition that not every procured kidney would provide acceptable transplant outcomes. Some kidneysfor a variety of reasons related to function or diseasewarrant discard. Not surprisingly, the overall pool of kidneys discarded in the US were more likely than French transplanted kidneys to have higher-risk features, such as advanced donor age and diabetes in addition to higher histopathologic grades of chronic injury. Yet, the recipients of very-similar matched kidneys that were transplanted in France enjoyed allograft survival that would likely be acceptable to some of the 95,000 patients on the US kidney waiting list. In particular, well-informed individuals who are older or have diabetes (a large percentage of US wait-listed patients) might derive substantial benefits from accepting kidneys with histologic abnormalities compared to enduring the elevated risks of death or health deterioration caused by chronic dialysis. 2,[144][145][146] A reduction in allocation biopsies may benefit transplant systems in other ways, such as reducing cold ischemia time and costs that are driven by awaiting histological results. 147 Transplant professionals may ask why existing tools to assess donated kidneys are so limited in their ability to forecast post-transplant outcomes. Indeed, the C-statistics of the KDRI and of all our models show only modest predictive accuracy. In addition to the low quality of allograft biopsies, other barriers may include excessive reliance on low-granularity cross-sectional data obtained from the donor. The field of kidney transplantation is in serious need of better tools to predict allograft outcomes. We propose that meaningful improvement in characterizing the quality of donor kidneys may require novel sources of datasuch as more extensive and longitudinal information about donor health and kidney function, advanced imaging methods, or deep molecular and genetic phenotypingall of which might be accomplished during the donor's terminal hospitalization. 148 This study's strengths include highly-detailed data about kidney transplant recipients from European centers where preimplantation biopsies are prospectively performed, but do not guide the decision-making process for allocating kidneys. We leveraged a comprehensive database of discarded kidneys in the US. While prior investigators have highlighted the limitations of usualcare procurement biopsies in predicting allograft outcomes, our study advances the field by revealing the plausible counterfactual outcomes if similar kidneys were actually transplanted in European centers and showing the size of the lost opportunity to the large population of waitlisted patients. [START_REF] Carpenter | Procurement Biopsies in the Evaluation of Deceased Donor Kidneys[END_REF]127,149,150 We also acknowledge limitations. First, due to differences in the health care systems, the allograft survival in a European transplant population may be different from the survival that US centers could achieve if they accepted similar kidneys. 151,152 Second, the allograft outcomes achieved at academic European transplant centers may not be generalizable to less-experienced centers elsewhere. Third, it is possible that some discarded kidneys had additional adverse characteristicssuch as donor infectionsthat would have caused kidney discard regardless of histopathology. On the other hand, organ procurement organizations specifically reported discarding these kidneys because of biopsy findings, so it is likely that biopsy findings were a central feature of the discard decision. Additionally, we matched on the KDRI; prior studies suggest that the KDRI is a very robust predictor of kidney discard, even if the KDRI's predictive accuracy is only modest. [START_REF] Marrero | Predictors of Deceased Donor Kidney Discard in the United States[END_REF][START_REF] Aubert | Disparities in Acceptance of Deceased Donor Kidneys Between the United States and France and Estimated Effects of Increased US Acceptance[END_REF] Fourth, our study is observational and may be subject to unmeasured confounding. A randomized trial of the use of biopsies in organ acceptancesuch as the PITHIA trial in the UK -could overcome this problem, although trials typically also have limitations related to generalizability, and our high quality observational data will complement any trial findings. 153 Fifth, while external validation in the Belgian cohort provides additional evidence against the incremental predictive value of biopsies, the Belgian cohort has some limitations; namely, this cohort did not have the same diversity in histological findings as the French cohort and the Belgian centers only rarely transplanted patients with pre-transplant DSA. Finally, it is possible that we were unable to detect a small incremental predictive benefit related to kidney pathology due to our sample size. However, transplant clinicians and organ procurement organizations know well that biopsies create expense, logistical difficulties with allocation, and prolong cold ischemia time. As a result, biopsies need to add substantial value to justify all these disadvantages.

In a large, well-phenotyped, multinational cohort, kidney biopsy results from deceased donor kidneys did not improve prediction of allograft survival beyond usual donor attributes. We also determined that about half of kidneys discarded due to biopsy findings could have instead been transplanted with acceptable 10-year outcomes. These results add to a growing body of evidence that a ready opportunity exists for US centers to increase the number of kidney transplants by adopting evidence-based standards for organ acceptance. [START_REF] Aubert | Disparities in Acceptance of Deceased Donor Kidneys Between the United States and France and Estimated Effects of Increased US Acceptance[END_REF]154 This report provides a strong rationale for organ procurement organizations to reduce the routine practice of obtaining biopsies of deceased donor kidneys. Likewise, transplant center staff should view these biopsy results as limited in their ability to contribute meaningful information in their overall assessment of kidney quality.

Introduction

Long waiting times for kidney transplantation and the major health burdens of dialysis have generated interest in transplanting kidneys from donors with blood-borne viral infections. Until 2015, most kidneys from deceased donors with hepatitis C viral infection (HCV) were discarded or not procured because of the toxicity of interferon-based HCV treatment in recipients. [START_REF] Reese | Transplanting Hepatitis C-Positive Kidneys[END_REF] The development of direct-acting antiviral (DAA) therapy and high HCV cure rates in the general population generated new optimism that HCV-viremic organs could be safely transplanted. THINKER (Transplanting Hepatitis C Kidneys Into Negative KidnEy Recipients) and EXPANDER (Exploring Renal Transplants Using Hepatitis C Infected Donors for HCV-negative Recipients) were the first trials to report outcomes transplanting HCV-viremic kidneys into uninfected recipients, followed by DAA therapy. Both trials reported 100% HCV cure rates and good early allograft function. [START_REF] Goldberg | Trial of Transplantation of HCV-Infected Kidneys into Uninfected Recipients[END_REF][START_REF] Durand | Direct-Acting Antiviral Prophylaxis in Kidney Transplantation From Hepatitis C Virus-Infected Donors to Noninfected Recipients: An Open-Label Nonrandomized Trial[END_REF]155 These encouraging early results, as well as the growing number of HCV-viremic organ donors who have died as a result of the opioid epidemic, motivated wider use of HCV-viremic organs. [START_REF] Goldberg | Improving Organ Utilization to Help Overcome the Tragedies of the Opioid Epidemic[END_REF] However, questions remain about whether donor HCV infection is associated with worse longer-term allograft function or carry immunological consequences including elevated rejection risk. No data have been published describing outcomes beyond 1-year post-transplant.

The THINKER trial limited transplantation to donors infected with HCV genotypes 1 or 4 and started elbasvir-grazoprevir around day 3 post-transplant. The EXPANDER trial did not restrict donor HCV genotype and started elbasvir-grazoprevir prior to transplantation. For recipients with HCV genotypes 2 or 3, sofosbuvir was added to the treatment regimen. In both trials, all recipients reached sustained virologic response at 12 weeks (SVR-12), the conventional definition of HCV cure. In both trials, early allograft function was excellent. [START_REF] Durand | Direct-Acting Antiviral Prophylaxis in Kidney Transplantation From Hepatitis C Virus-Infected Donors to Noninfected Recipients: An Open-Label Nonrandomized Trial[END_REF]155 The median 12month creatinine for the first 10 THINKER recipients was 1.11 mg/dL. 155 Since THINKER and EXPANDER were published, other groups have reported results of transplanting HCV-viremic kidneys into uninfected recipients as part of registered clinical trials as well as the setting of usual care, with some centers starting DAAs weeks to months after transplantation. 156,157 While multiple groups have also observed HCV cure rates at or near 100%, concerns remain about immunological complications and lack of data on outcomes beyond one year. For example, Molnar et al. published a single-center series of HCV-negative recipients of HCV-viremic kidneys; these recipients had a high prevalence of BK viremia over 1year post-transplant. 158 Persistent concerns about the quality of kidneys from HCV-viremic donors may be reinforced by the Kidney Donor Profile Index (KDPI), which assigns a substantially worse score to kidneys from donors with detectable HCV nucleic acid, HCV antibody, or both. HCV seropositive kidneys have a higher rate of discard compared to other PHS-increased risk kidneys, although discard rates have decreased over time. 159 A national survey of US kidney transplant programs in 2020 reported that 42% of programs do not accept HCV-viremic kidneys for HCV-negative recipients. 160 Given this knowledge gap about longer-term outcomes for recipients of HCV-viremic kidneys, we obtained clinical data for THINKER and EXPANDER participants collected during usual care beyond 1-year end-of-study visits. Our aim was to report allograft survival and function, immunological complications including rejection, donor specific antibody, and viral infections.

We also examined allograft function trajectories versus matched comparators and predicted allograft survival using the Integrative Box Scoring System. 161

Materials and Methods

Overview of the Trials

Centers reported outcomes data at a minimum of two years and up to three years posttransplant. iBox scores were calculated using data from two years post-transplant, a time point when the two centers had sufficient follow-up data in the EMR to calculate scores. Because serum creatinine was available on nearly all surviving participants at three years, eGFR trajectories were compared until three years post-transplant.

Multivariable matching and statistical analyses for eGFR trajectories

We used optimal matching algorithms to compare eGFR trajectories for HCV-negative recipients of kidneys from donors who were HCV-viremic vs. HCV-negative recipients of HCVseronegative kidneys. 138,165,166 For the matching process, the investigators used clinical judgment to select recipient characteristics known at transplantation that might affect longerterm allograft function: age, sex, race, cause of kidney disease, panel reactive antigen score, HLA mismatches, prior transplantation, diabetes, dialysis vintage, and insurance status. We also matched on the KDPI. Since donor HCV-seropositivity and/or HCV-viremia negatively impact the KDPI, we generated two matched cohorts: the first matched on allocation KDPI (calculated conventionally), while the second matched on "optimal KDPI" (calculated as if the donor were HCV-negative using KDPI mapping values from 2018). 131,167 For the two cohorts, each HCV-viremic kidney recipient was matched to two comparators at the same center. We used STATA (Release 15, StataCorp, College Station, TX) to report descriptive data and generate figures. Optimal matching was performed using the "designmatch" package in R (version 4.0.3, R Foundation for Statistical Computing, Vienna, AT). 168 Additional details about the matching are available in Appendix 16.

Results

Table 6 shows the baseline characteristics of trial patients, as well as data about HCV genotype. Forty-five patients (10 in EXPANDER and 35 in THINKER) were analyzed. The DSA was 2600 (MFI 2400 -3400, range 1000 -14500). One patient developed both class 1 and 2 DSA (MFI Class 1 3800, MFI class 2 -2800).

Benchmarking current and future allograft function for trial participants

We compared the eGFR trajectories for recipients of HCV-viremic kidneys and highly-similar recipients of HCV-seronegative donor kidneys. Appendix 17 shows characteristics of the matched pairs. Figure 7 shows the eGFR trajectories. [IQR 51.2 -77.3]). Recipients of optimal KDPI kidneys at 36-months had an eGFR of 73.2 mL/min/1.73m 2 (IQR 58.1 -83.1). In general, however, recipients of HCV-viremic kidneys and the two comparator groups had excellent allograft function throughout the follow-up period and differences between groups were not clinically meaningful.

Figure 11 shows predictions of future allograft survival using the iBox scoring system, using data from 2 years post-transplant. The iBox score predicted that 3 years later, a median of 98% of grafts will be functioning (IQR 96 -98). The median iBox scores at the end of 5 years was 96% (IQR 93 -97), at 7 years was 94% (IQR 90 -96), and 10 years was 91% (IQR 85 -94). 

Discussion

Expanding access to kidney transplantation is a public health priority endorsed by patient advocacy groups, professional societies, and the White House. [169][170][171] Accepting organs from HCV-viremic donors has enabled transplantation for thousands of patients since the development of DAAs, but important questions remain about the longer-term function of HCVviremic kidneys and immunological complications. These follow-up data from the EXPANDER and THINKER trials demonstrate that carefully selected HCV-viremic donor kidneys provided excellent allograft function up to three years. Furthermore, eGFR trajectories and iBox scores suggest that this excellent allograft function will continue well into the future. Allograft rejection and death were rare and no patient experienced primary graft failure. Sixteen percent of recipients had detectable BK viremia and sixteen percent developed DSA. Taken together, these longer-term data should generate greater confidence among patients and transplant clinicians that they can manage complications of transplantation using HCV-viremic kidneys.

The excellent longer-term function of THINKER and EXPANDER organs suggest that serious virally-mediated kidney injury is not common among deceased donors with HCV-infection. The most well-described pathological manifestation of HCV infection in the non-transplant population is mixed cryoglobulinemia syndrome, which can lead to cryoglobulinemic glomerulonephritis and membranoproliferative glomerulonephritis (MPGN). Other glomerular diseases associated with HCV include MPGN without cryoglobulinemia and membranous glomerulonephritis. HCV can cause secondary IgA nephropathy and some studies have suggested that HCV can exert a direct cytopathic effect. [172][173][174] In the pre-DAA era, registry data studies showed that recipients of HCV-seropositive kidneys had worse allograft survival and in some cases, higher mortality. 175,176 These concerning outcomes were attributed to morbidity from uncontrolled HCV infection and serious toxicities -including rejection -from interferon treatment. However, in the DAA era, these fears about HCV-related kidney injury may have less relevance. First, many HCV-viremic kidney donors die from opioid overdose, are generally young, and may have only have HCV infection for a short period prior to death. Second, since many of these donors are young, the allografts may function well even if some have a degree of HCV injury. Lastly, the ability to rapidly eradicate HCV with DAAs may limit viral injury post-transplant.

The low rate of allograft rejection among THINKER and EXPANDER recipients may also alleviate concerns that HCV will provoke a strong humoral response after kidney transplantation. This finding contrasts with reports from thoracic surgery of higher-than-expected rejection rates using HCV-viremic heart and lung transplants. 177,178 THINKER and EXPANDER were designed as single-arm, open-label, pilot trials with short-term follow-up. This design was appropriate given ethical barriers to randomization or blinding at a time when there was substantial uncertainty about the probability of HCV cure in the setting of immunosuppression. However, HCV cure and 1-year survival may not be sufficient to reassure some patients and their nephrologists about risks of HCV-viremic donor organs. We applied novel methods to lend insight into longer-term allograft function and complications. Our comparisons of eGFR trajectories between precisely-matched pairs suggests that HCV-viremic kidneys function as well as kidneys with the same allocation KPDI, but may not function as well as kidneys from highly-similar donors without HCV. However, the best interpretation of the allograft trajectories is that recipients of HCV-viremic kidneys and both sets of comparators had excellent function. 179 Furthermore, the iBox scores for THINKER and EXPANDER recipients predict good allograft survival rates for multiple additional years. The iBox provides a novel approach to integrating multiple predictors of allograft survival, instead of trying to intuit a patient's future outcome based only on single features such as DSA or proteinuria. 161 Given the validation of the iBox in diverse international populations as well as clinical trial populations, the iBox survival prediction for THINKER and EXPANDER recipients provides a high level of confidence that 90% (IQR 85 -94%) of allografts will have survived 10 years into the future. These two approaches of examining eGFR trajectories for matched pairs and calculating iBox scores are innovative and could be feasibly applied to other single arm or short-term studies in transplantation.

These longer-term data from THINKER and EXPANDER should encourage efforts to reexamine the kidney donor risk index and the KDPI, which assign a worse score to kidneys from donors that are either HCV-viremic, HCV-antibody-positive, or both. The negative effect of HCV on the KDPI has multiple consequences for US kidney allocation, including taking many HCV-viremic kidneys out of Sequence A allocation, which preferentially allocates kidneys to waitlisted patients with the longest projected survival. Given the tight relationship between the KDPI and discard, the KDPI penalty associated with HCV may cause viable kidneys to be discarded or only transplanted after substantial delay. 180 The current study also has limitations. THINKER and EXPANDER were demonstration trials designed at a time when no data existed about the ability of DAAs to cure donor-derived HCV in the context of intense peri-transplant immunosuppression. Patients and donor kidneys were carefully selected and DAAs started promptly. It is possible that outcomes for contemporary recipients of HCV-viremic kidneys will not enjoy the same favorable outcomes, particularly if there is delay in starting the DAAs and/or if kidneys with more adverse attributes are accepted.

Second, the trials were relatively small. Larger studies of long-term follow-up with comparators may be needed to estimate allograft survival and rates of rejection with precision. Third, neither center performed protocol biopsies. It is possible that subclinical rejection or HCV injury were not detected through routine clinical surveillance.

In conclusion, this study provides important evidence that HCV-viremic kidney transplants function well beyond one year and that complications such as rejection and BK virus did not occur at elevated rates. Finally, eGFR trajectories and iBox scores provide additional evidence that these transplants will continue to function well into the future.

VI) Summary

The overall objective of this thesis was to develop and test novel and diverse methods to increase the number of organs donated for transplantation. The process of transplantation depends on a multistep process of recruiting donors, evaluating organ donor quality effectively and then making best use of viable organs. This thesis applied epidemiologic methods to test three specific approaches to growing the number of organs for transplant; each examined a different step in the process. While the test of theory-informed messaging strategies to promote organ donor registration did not result in a meaningful increase in organ donations, the other two studies provide concrete opportunities for the transplant system to provide more kidney transplants through better methods of evaluating kidney quality and making use of kidneys from donors with HCV. Taken together with other work, the results of this thesis suggest that the most promising immediate pathway to increasing kidney transplants is to make best use of donated organs and reduce discard.

The lack of organs for transplantation is perhaps the leading problem facing the field. While scientific technologies as genetically engineered organs are advancing, transplant clinicians and their patients must for the foreseeable future optimize the existing and limited organ supply. The fact that the US discards approximately 20% of donated kidneys each year, while failing to pursue donation from other potentially viable donors, has generated serious criticism and concern. [START_REF] Lentine | A Roadmap for Innovation to Advance Transplant Access and Outcomes: A Position Statement From the National Kidney Foundation[END_REF] In 2019, the Advancing American Kidney Health Initiative from the White House called attention to the lack of kidneys for transplant, the high rate of kidney discards and the need to "increase access to kidney transplants by modernizing the organ recovery and transplantation systems." 181 This thesis offers practical solutions to address these problems in the short term.

The process of evaluating kidneys for transplant is ripe for innovation, which should encompass both abandoning failed practices as well as developing new tools. In the US transplant context, the problems with relying on donor kidney histology to evaluate quality, and the overuse of kidney biopsy, have long been recognized. [START_REF] Lentine | Procurement Biopsies in Kidney Transplantation: More Information May Not Lead to Better Decisions[END_REF]122 In fact, approximately 50% of donated kidneys in the US undergo biopsy during allocation. Study Two offers an example of how international variation in transplant practiceand careful epidemiology -offer "natural experiments" that can reveal lessons how to make better use of donated organs. While many groups had shown that kidney histology (such as glomerulosclerosis) may be associated allograft survival, [START_REF] Carpenter | Procurement Biopsies in the Evaluation of Deceased Donor Kidneys[END_REF]127 our group of investigators from the US, France and Belgium made the case that the key question was instead whether kidney histology offered incremental predictive accuracy over standard donor characteristics that are routinely available. By demonstrating that biopsies do not meaningfully improve the C-statistic in models of death-censored allograft failure, we provided an important lesson to US transplant centers that rely heavily on biopsies. Reducing donor kidney biopsy use should be a priority. Notably, other opportunities to improve donor kidney evaluation must also be pursued. For example, despite its widespread use in the US kidney transplant system, the KDRI is a decade-old tool to assess kidney quality that relies on crosssectional donor data and has a very modest ability to predict graft survival (C index near 0.6). [START_REF] Lentine | A Roadmap for Innovation to Advance Transplant Access and Outcomes: A Position Statement From the National Kidney Foundation[END_REF]131 Other important solutions to improve organ evaluation might include the use of more standardized biomarkers in tissue, blood or urine from the donor, all of which might be procured prior to the time-sensitive period of organ allocation.

Study Three also presents useful lessons in the need for transplant clinicians to re-examine reasons for organ discard. HCV was both a very difficult disease to treat successfully in the transplant context, as well as an infection associated with considerable stigma. 182 Our group and others recognized that the development of direct-acting antiviral medications fundamentally changed the identity of the disease of HCV. [START_REF] Reese | Transplanting Hepatitis C-Positive Kidneys[END_REF] 
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 931 , 80,7 % et 68,9 % à 1, 5 et 10 ans, respectivement. En conclusion, les données de l'histologie rénale n'ont pas amélioré la prédiction incrémentielle de l'échec de l'allogreffe audelà d'un ensemble de base solide de caractéristiques du donneur et du receveur. Ce résultat suggère que les États-Unis pourraient abandonner un processus inefficace pour l'évaluation des reins donnés. La troisième étude s'est concentrée sur la détermination des résultats pour une catégorie d'organes qui, historiquement, étaient souvent rejetés en raison de préoccupations concernant les risques pour les receveurs -les organes de donneurs infectés par l'hépatite C. Ces organes étaient généralement rejetés parce que les traitements traditionnels, basés sur la thérapie par interféron, causaient des effets secondaires désagréables et aussi, parfois, provoquaient le rejet des organes transplantés. En 2015, le développement de nouvelles thérapies antivirales à action directe pour le virus de l'hépatite C a permis de nouveaux essais cliniques dans lesquels des reins de donneurs infectés par l'hépatite C ont été transplantés à des receveurs sans hépatite C. Après les essais, les receveurs ont reçu un traitement antiviral. Le premier de ces essais a été mené aux États-Unis et s'appelait THINKER et EXPANDER. Le suivi de ces essais n'a duré qu'un an. En 2021, de nombreux centres de transplantation n'acceptent toujours pas ces organes. La troisième étude de cette thèse a examiné les résultats à plus long terme de ces deux essais. En THINKER, trente-cinq patients sans l'hépatite C ont reçu des reins de donneurs avec l'hépatite C de génotype 1 ou 4 puis, ils ont reçu un traitement antiviral avec l'elbasvirgrazoprevir qui a commencé le jour 3. En EXPANDER, dix patients ont commencé l'elbasvirgrazoprevir avant la transplantation et le traitement antiviral a été adapté en fonction du génotype viral. Pour la troisième étude de la thèse, notre équipe a obtenu des données de suivi pluriannuelles de 45 participants dans les deux études et examiné la survie du greffon, les complications immunologiques et les trajectoires de la fonction rénale et prédit la survie future des greffons à l'aide du système de notation intégrative Box (iBox). Enfin, nous avons examiné les trajectoires de taux de filtration glomérulaire estimés (eGFR) des participants à l'essai par rapport à deux ensembles de receveurs appariés hautement similaires de reins négatifs pour l'hépatite C. Pour le premier ensemble, nous avons apparié les comparateurs sur le « kidney donor profile index » des reins dans l'étude, et pour le deuxième ensemble, nous avons apparié sur un « kidney donor profile index » re-calculé comme si les participants à l'essai avaient reçu des reins négatifs pour l'hépatite C (kidney donor profile index « optimal »). L'âge médian était de 63 ans et 27% étaient des femmes. Tous les participants aux deux essais ont été guéris du virus de l'hépatite C, ce qui était extraordinaire car au moment de leur traitement, ils recevaient également une immunosuppression intense. Parmi 45 receveurs, il n'y a eu qu'un seul rejet et un décès à 3 ans. L'eGFR médian à 3 ans était de 68,6 ml/min/1,73 m 2 [IQR 55,2 -83,1] pour les participants dans l'étude, ce qui était légèrement plus mieux que pour les comparateurs qui ont reçu des reins avec le « kidney donor profile index » d'allocation (63,3 ml/min/1,73 m 2 [IQR 51,2 -77,3]) et légèrement inférieur que les comparateurs qui ont reçu des reins avec le « kidney donor profile index » optimaux (73,2 ml/min/1,73 m 2 [IQR 58,1 -83,1]). En général, la fonction rénale dans les trois groupes était excellente. L'iBox a prédit la survie médiane future des greffons de 96 % et 91 % à 5 et 10 ans pour les reins infectés par le virus de l'hépatite C. Ces bons résultats devraient encourager davantage de centres à accepter les reins de donneurs infectés par le virus de l'hépatite C. Cette thèse a appliqué des méthodes épidémiologiques pour évaluer trois approches spécifiques afin d'augmenter le nombre d'organes à transplanter ; chacun a examiné une étape différente du processus. Alors que le test des stratégies d'appel aux dons, fondés sur des théories du changement de comportement et déployé avec Google AdWords, n'a pas entraîné une augmentation significative des dons d'organes, les deux autres études offrent des opportunités concrètes au système de transplantation pour fournir davantage de greffes de rein. En particulier, le système de transplantation doit éviter les méthodes erronées d'évaluation de la qualité des reins et, également, les cliniciens doivent utiliser les reins de donneurs infectés par l'hépatite C et ils doivent continuer à explorer de nouvelles opportunités pour transplanter d'autres organes avec des infections qui peuvent être gérées. En outre, la deuxième étude -qui reposait sur le partage de données et d'expertise entre les États-Unis, la France et la Belgiquea également révélé la valeur de la collaboration internationale et de l'apprentissage des meilleures pratiques testées dans des pays spécifiques. Conjugués à d'autres travaux, les résultats de cette thèse suggèrent que la voie immédiate la plus prometteuse pour augmenter les greffes de rein est d'utiliser au mieux les organes donnés et de réduire la perte de reins donnés. of the Thesis III) Study One: A randomized trial of theory-informed appeals for organ donor registration using internet advertisements IV) Study Two: Assessment of the predictive value of procurement biopsies to evaluate the quality of deceased donor kidneys V) Study Three: Longer-term outcomes after transplantation of kidneys from deceased donors with hepatitis C virus infection VIIn the US, over 90,000 patients are waitlisted for a kidney transplant.

are discarded is a substantial barrier to

  expanding transplant in the US. Study Two focuses on the particular issue of flawed evaluation of kidney quality in promoting kidney discard. Specifically, this study examines the role of biopsies of donated kidneys. Annually, ~35,000 patients are added to the kidney transplant waitlist, yet in 2018, only 14,725 received a deceased donor kidney transplant. Because of the persistent kidney shortage, the number of patients dying or becoming too sick on the waitlist was nearly 9,000 in 2018. Despite high rates of waitlist mortality, the number of discarded kidneys continues to increase, with >5,000 kidneys recovered with the intent to transplant and then discarded, or never recovered at all, every year for the past 5 years in the US (Figure 1). I.F.1. Many discarded kidneys would provide a survival advantage to patients on the kidney transplant waiting list. A number of scientific groups have examined the likely transplant benefit that some wait-listed patients would have enjoyed if kidneys discarded in the US had instead been used for deceased donor transplantation. These studies often rely on the widely used kidney donor risk index (KDRI) which is used in the allocation of deceased donor

  For example, Massie et al. modeled outcomes for wait-listed adults who accepted high-KDPI kidneys (KDPI 71-80, 81-90 or 91-100) versus an alternative strategy of instead remaining on the waiting list (and accepting the risk of dying while waiting) in order to receive a lower KDPI organ for transplantation (remain on waitlist until receipt of KT with KDPI 0-70, 0-80 or 0-90). The strategy of accepting a high-KDPI transplant was associated with increased short-term but decreased long-term mortality risk. By 19.8 months post-transplant, even candidates who accepted kidneys with KDPI >90%
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 22 Figure 2: The number of donated kidneys that were transplanted or discarded in the US, contrasted with the estimated number of kidneys that would have transplanted and discarded if the US were to adopt organ acceptance patterns similar to the French transplant system

Figure 3 :

 3 Figure 3: Trends in the number of kidneys procured from HCV-viremic donors over time

Figure 4 :

 4 Figure 4: Estimated glomerular filtration rate (eGFR) at 12 months post-transplant

  recipient's healthy, productive life after transplantation, the narrative in Figure5bcould elicit a positive affective response of sympathy, consistent with research related to how members of the public are often more motivated by the story an "identifiable victim" versus outcomes for an unidentified individual or group.109 

Figure 5b :

 5b Figure 5b: Persuasive narrative message to promote organ donor registration

Figure 5c :

 5c Figure 5c: Promoting organ donor registration through the use of a social norm

Figure 5d :

 5d Figure 5d: Promoting organ donor registration by offering a gift and leveraging the

Figure 5e :

 5e Figure 5e: Promoting organ donor registration by providing information about the

Figure 6 :

 6 Figure 6: The click-through rate across all five message types *

Figure 7 :

 7 Figure 7: The registration rate (number of registrations per click) by message type*

  anniversary using a standardized protocol to ensure harmonization across the two study centers. Data from the derivation cohort were submitted for an annual audit to ensure data quality. Data were retrieved from the database on January 1, 2019. All patients provided written informed consent at the time of transplantation.An external validation was conducted using a cohort of 1,107 recipients of deceased donor kidney transplants at the University Hospitals of Leuven (n=951) and Liège (n=156) Belgium between January 1, 2004, and December 31, 2013 with preimplantation biopsy evaluation.Datasets from the validation centers were collected as part of routine clinical practice and entered in the centers' databases in compliance with local and national regulatory requirements and sent anonymized to the Paris Transplant Group. Data were retrieved from the database March 1, 2019.

  Procurement and Transplantation Network (OPTN).129 The OPTN data system includes data on all donors, waitlisted candidates, and transplant recipients in the US, as submitted by the members of the Organ Procurement and Transplantation Network. The Health Resources and Services Administration (HRSA) of the US Department of Health and Human Services oversees the activities of the OPTN contractor. Donor data are collected and entered into the dataset by organ procurement organizations and then reported to the OPTN.

1. 507 ;Value of Day-0 allograft histology in predicting kidney allograft loss in the external validation cohorts Table 3

 5073 95% CI [1.004-2.263]; p-value=0.0480) (Appendix 3B). The discrimination capacity of the final multivariable model and the model with the addition of the Day-0 biopsy results (in which all the histological Banff scores for glomerulosclerosis, IFTA, arteriosclerosis and arteriolar hyalinosis were added) were assessed using Harrell's concordance index (C-index). The C-index for the model without histology was 0.635; 95% CI=0.604-0.664 compared to 0.646; 95% CI=0.616-0.676 for the model with the addition of the Day-0 biopsy results (p-value=0.103). shows recipient characteristics and allograft histology for the external validation cohort from Belgium. Appendix 4 shows the univariate Cox model. Only the KDRI (log transformation) (HR=3.23; 95% CI, (1.80 -5.81); p<0.0001) remained independently associated with allograft loss in the multivariable analysis. As in the primary analyses, the discrimination capacity of the final multivariable model and the model with the addition of the Day-0 biopsy results (in which all the histological Banff scores for glomerulosclerosis, IFTA, arteriosclerosis and arteriolar hyalinosis were added) were assessed using Harrell's C-index. The C-index for the model without histology was 0.610; 95% CI=0.557-0.666 compared to 0.617; 95% CI=0.562-0.672 for the model with the addition of the Day-0 biopsy results (p-value=0.617).

  kidneys in the US was slightly older than donors of French transplanted kidneys (55.43±10.96 years vs 52.60±16.68 years, p<0.0001). The donors of the US discarded kidneys were more likely to have hypertension (73.78% vs 29.80%, p<0.0001) and diabetes (29.62% vs 8.01%, p<0.0001) than donors of French transplanted kidneys. Day-0 biopsies from kidneys discarded in the US, revealed more glomerulosclerosis, more interstitial fibrosis and tubular atrophy (IFTA Banff score), and more arteriosclerosis (cv Banff score) compared to the French transplanted kidneys (p<0.0001 for all comparisons).

Figure 8 :

 8 Figure 8: Distributional balance of the KDRI score and kidney histology before and after matching kidneys discarded in the US to similar kidneys transplanted in the French derivation cohort.

Figure 9A /

 9A Figure 9A/B depict kidney allograft survival for the matched and unmatched kidneys. Overall,

Figure 9 A

 9 Figure 9 A/B: Kaplan-Meier curves of allograft survival rates for kidneys transplanted inFrance matched* and unmatched to US discarded kidneys. Panel A shows the allograft survival probability of the kidneys transplanted matched to US discarded kidneys (red curve) to the rest of the population (unmatched kidneys; black curve). Panel B shows the allograft survival probability of the matched kidneys (red curve) to the rest of the population according to the ECD status (kidneys transplanted with standard criteria donor); solid black curve, kidneys transplanted with expanded criteria donor; dashed black curve).

Figure 10 :

 10 Figure 10: Comparison of eGFR between recipients of HCV-viremic donor kidneys and matched comparators who received HCV-aviremic kidneys

Figure 11 :

 11 Figure 11: iBox scores predict excellent allograft survival for recipients in the THINKER-EXPANDER trials*

  

  

  

Table 1 : Messaging interventions and related barriers to ODR (mediators) that the intervention might overcome

 1 

	Concern	Lack of	Social,	Registration	Reluctance	Inertia
	that end-	knowledge	religious	does not	to think	
	of-life	about	or	benefit the	about	
	care will	donation	cultural	registrant	death	
	be worse	process	concerns			
	for organ	and need				
	donors &	for organ				
	lack of	donation				
	trust in					
	allocation					

Table 2 : Clicks, other interactions, and organ donor registration with different organ donation messages

 2 

							Organ Donor
	Message			Click-Through		Wristband	Registration
	Type	Impressions Clicks	Rate	Registrations	Orders	Rate
	Control	1,026,411	5,213	0.51%	11	N/A	0.21%
	Persuasive						
	Narrative	1,028,019	4,907	0.48%	4	N/A	0.08%
	Social Norms	1,045,175	4,446	0.43%	9	N/A	0.20%
	Reciprocity/Gift						
	Exchange	1,033,271	5,274	0.51%	18	152	0.34%
	Knowledge	1,023,172	5,161	0.50%	10	N/A	0.19%
	TOTALS	5,156,048	25,001	0.49%	52	152	0.21%

Overall, there were 25,001 clicks, a click-through rate of 0.49%. The Control and Reciprocity messages both generated the highest click-through rates of 0.51%, while the Social Norm messages generated the lowest click-through rate of 0.43%. A total of 152 individuals

  Kasiske et al. examined biopsy reports from discarded kidneys in which the contralateral kidney was transplanted and reported that glomerulosclerosis >20% was the main pathologic feature predictive of discard. When repeat biopsies were performed on the same kidneys, there were often substantial differences in the results.122 In contrast, Cockfield et al.

	examined 730 implantation biopsies and proposed that vascular abnormalities including
	arteriolar hyalinosis, but not glomerulosclerosis, were most predictive of graft failure
	outcomes.

123 

Other groups have developed prognostic scoring systems, such as the Maryland Aggregate Pathology Index, that rely on detailed measurements from multiple anatomical compartments of the kidney.

124,125 

Taken together, these results and others reveal substantial debate about whether and what features of renal biopsy ought to influence allograft acceptance decisions.

126,127 

  donor characteristics, including age at donation, sex, body mass index, renal function, donor history of hypertension, donor history of diabetes, donor cause of death, donor serum creatinine at donation, donor hepatitis C virus (HCV) serostatus, donation after circulatory death status and extended criteria donor status (defined conventionally as age ≥60 or age 50 -59 years plus ≥2 of the following:

hypertension, death from stroke, or terminal creatinine >1.5 mg/dL); and (2) recipient characteristics at the time of transplantation, including age, sex and prior transplant; (3) HLA mismatch (A, B, DR); and (4) the presence of circulating anti-HLA donor specific antibodies (DSAs) at the time of transplantation assessed for all patients at the Jean Dausset Histocompatibility Laboratory.

Table 3 : Baseline characteristics of derivation and validation cohorts n
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	French		Belgian	
	transplanted		transplanted	
	Kidneys	n	kidneys	p
	(derivation)		(validation)	
	(n=1,629)		(n=1,107)	

Table 4 : Determinants of kidney allograft loss in the derivation cohort: univariate and multivariable analyses Number of

 4 

		Number	HR	95% CI	P
		of		
	patients	events		

Table 5 : Baseline characteristics of kidneys transplanted in the French derivation cohort and kidneys discarded in the US due to biopsy findings

 5 

						p *
			Kidneys	Kidneys discarded	
		transplanted	in the US cohort	
		in the French		(n=1,103)	
		derivation cohort			
		(n=1,629)			
		n		n		
	Donor's characteristics					
	Donor age (years), mean (SD)	1,629	52.60	1,103	55.43 (10.96)	<0.000
	Donor male gender, No. (%)	(16.68) 1,629 958 (58.81) 1,103	577 (52.31)	1 0.001
	Height (cm), mean (SD)	1,628	170.15	1,103	169.12 (10.54)	0.003
	Weight (kg), mean (SD)	1,628	(10.31) 73.81	1,103	85.51 (22.37)	<0.000
	BMI (kg/m 2 ), mean (SD)	(15.57) 1,628 25.42 (4.75) 1,103	29.88 (7.35)	1 <0.000
	Hypertension, No. (%)	1,587 473 (29.80) 1,087	802 (73.78)	1 <0.000
	Diabetes mellitus, No. (%)	1,571 126 (8.02) 1,087	322 (29.62)	1 <0.000
	Donor serum creatinine	1,613 212 (13.14) 1,103	571 (51.77)	1 <0.000
	≥1.5mg/dL, No. (%)					1
	Death from cerebrovascular	1,629 911 (55.92) 1,103	926 (83.95)	<0.000
	disease, No. (%)					1
	Expanded criteria donor, No. (%) 1,626 687 (42.25) 1,103	659 (59.75)	<0.000
	KDRI, mean (SD)	1,540 1.54 (0.64) 1,085	1.885 (0.471)	1 <0.000
	Day-0 biopsy					1
	Percentage of	1,629		1,103		
	glomerulosclerosis 0-5%		818 (50.21)		190 (17.23)	
	6-10%		278 (17.07)		161 (14.60)	
	11-15%		180 (11.05)		145 (13.15)	
	16-20%		129 (7.92)		124 (11.24)	
	> 20%		224 (13.75)		483 (43.79)	<0.000
	Interstitial fibrosis and tubular	1,629		1,103		1
	atrophy					
	Low score: 0 or 1		1,537		416 (37.72)	
	High score: ≥ 2		(94.35) 92 (5.65)		687 (62.28)	<0.000
	Arteriosclerosis	1,629		1,103		1
	Low score: 0 or 1		1,083		433 (39.26)	
	High score: ≥ 2		(66.48) 546 (33.52)		670 (60.74)	

Characteristics of matched cohort using optimal KDPI (assuming HCV has no effect on KDPI score)*

  However, the wider utilization of organs from 159 : SD, Standard deviation; KDRI, Kidney Donor Risk Index; IFTA, Interstitial Fibrosis and Tubular Atrophy; CV, Cardiovascular Exact matching was performed within each transplant center and for history of prior transplantation.

	0			273	494 (32.1%0		147	144 (29.2%)	0.0692	-0.0061
				(25.2%)		(29.8%)	
	1			154	524 (34%)		139	142 (28.8%)	0.1983	0.0061
				(14.2%)		(28.2%)	
	2			634	442 (28.7%) 55.8 (12.9)	187 58.7 (8.6)	184 (37.3%) 0.2729 59.1 (10.2) -0.2973 58.7 (8.6)	-0.0061 0.0400
			Sex Female (%) Race Black (%)	(58.4%)	389 (39.6%) 12 (26.7%) (37.9%) 502 (51.1%) 15 (33.3%)	-0.1303 -0.1774	26 (28.9%) 12 (26.7%) 31 (34.4%) 15 (33.3%)	-0.0222 -0.0111
	3		24 (2.2%) Recipient Diabetes (%) Cause of ESKD (%)	80 (5.2%) 380 (38.7%) 22 (48.9%) 20 (4.1%)	23 (4.7%) 38 (42.2%) 22 (48.9%) 0.0298	0.0667 0.0061
		Donor Age in years,	55.4 (11) Diabetes 249 (25.4%) 17 (37.8%) 52.6 (16.7) 56.1 (11.9) Hypertension 311 (31.7%) 7 (15.6%)	56.2 (12.1) 0.1275 31 (34.4%) 17 (37.8%) -0.2003 -0.1624 14 (15.6%) 7 (15.6%)	0.0333 0.0086 0
		mean (SD)	GN 140 (14.3%)	7 (15.6%)	0.0120	15 (16.7%)	7 (15.6%)	-0.0111
				Cystic/CAKUT	84 (8.6%)	6 (13.3%)	0.0472	9 (10%)	6 (13.3%)	0.0333
		% Glomerulosclerosis	Other 198 (20.2%)	8 (17.8%)	-0.0243	21 (23.3%)	8 (17.8%)	-0.0556
		0 -5 (%) Dialysis Vintage at Listing (%) 190 (17.2%) Pre-emptive 278 (28.3%) 13 (28.9%) 818 (50.2%) 114 (23%)	117 (23.6%) 0.0079 24 (26.7%) 13 (28.9%) 0.3299	0.006 0.0222
		6 -10 (%)	261 (17%) 278 (17.1%) 0-3 years 260 (26.5%) 31 (68.9%) 97 (19.7%) 161 (14.6%) 101 (20.4%) 3-5 years 195 (19.9%) 1 (2.2%)	97 (19.7%) 100 (20.2%) 0.4222 60 (66.7%) 31 (68.9%) 0.0229 0.0247 -0.1747 2 (2.2%) 1 (2.2%)	0 0.0222 -0.002 0
		11 -15 (%) Zero HLA mismatch (%) 145 (13.2%) >5 years 249 (25.4%) 180 (11.1%) (14.7%) 30 (3.1%)	66 (13.3%) 0 (0%) 0 (0%)	69 (13.9%) -0.2554 4 (4.4%) 0.0308 0 (0%)	-0.021 0 (0%) 0 (0%)	0.006 -0.0444 0
	11 -15 (%) 16 -20 (%) Max PRA (SD) >20 (%) KDPI % (SD)	145 (13.4%) 124 (11.2%) 483 (43.8%)	172 (11.2%) 129 (7.9%) 14.9 (31.4) 224 (13.8%) 45 (25.6)	67 (13.6%) 60 (12.1%) 6 (18.7) 155 (31.3%) 43.1 (13.2)	67 (13.6%) 58 (11.7%) -0.3481 5 (20.4) 152 (30.7%) -0.0878 42.2 (14.5) 43.1 (13.2) -0.022 -0.0332 6 (18.7) -0.3004	-0.004 0.0484 0 -0.006 0.0608
		IFTA Score					
	16 -20 (%)	123	124 (8.1%)	54 (11%)	51 (10.3%)	-0.0328	-0.0061
		0		175 (15.9%)	1154 (70.8%) Pre-match	175 (35.3%)	178 (35.9%) Std	0.5498 Post-match	0.006 Std
		1		(11.3%) 241 (21.9%)	383 (23.5%) D-/R-	241 (48.6%) difference 242 (48.8% D+/R-D-/R-	0.0166 D+/R-	difference 0.002
	>20 (%) 2	Age (years, SD)	473 679 (61.6%)	218 (14.2%) 69 (4.2%) (N=982) 55.8 (12.9)	171 72 (14.5%) (N=45) 58.7 (8.6)	174 (35.3%) 69 (13.9%) (N=90) 0.2701 58.2 (11.7) -0.2944 -0.5732 (N=45) 58.7 (8.6)	0.0061 -0.006 0.0497
		3	Sex Female (%)	(43.6%) 8 (0.7%)	(34.7%) 8 (1.6%) 389 (39.6%) 12 (26.7%) 23 (1.4%)	7 (1.4%) -0.1276 26 (28.9%) 12 (26.7%) 0.0069	-0.002 -0.0222
	Race Black (%) IFTA Score CV Score Recipient Diabetes (%)	502 (51.1%) 15 (33.3%) 380 (38.7%) 22 (48.9%)	-0.1764 0.1028	32 (35.6%) 15 (33.3%) 34 (37.8%) 22 (48.9%)	-0.0222 0.1111
	0	0	174 (16%) Cause of ESKD (%) 274 (24.8%) Diabetes 249 (25.4%) 17 (37.8%) 1081 (70.2%) 174 523 (32.1%) 152 (30.7%)	177 (35.9%) 149 (30%) 0.1255 29 (32.2%) 17 (37.8%) 0.5416 0.0726	0.0061 -0.006 0.0556
		1		159 (14.4%) Hypertension 311 (31.7%) 560 (34.4%) GN 140 (14.3%)	(35.3%) 129 (26%) 7 (15.6%) 7 (15.6%)	132 (26.6%) -0.1611 19 (21.1%) 0.0126 12 (13.3%)	0.1996 7 (15.6%) 7 (15.6%)	-0.0556 0.006 0.0222
	1	2		240 644 (58.4%) Cystic/CAKUT Other 198 (20.2%) 369 (24%) 463 (28.4%) 84 (8.6%)	240 197 (39.7%) 6 (13.3%) 8 (17.8%)	240 (48.7%) 194 (39.1%) 0.0475 9 (10%) -0.0245 21 (23.3%) 0.0184 -0.2996 6 (13.3%) 8 (17.8%)	-0.006 0.0333 0 -0.0556
		3	(22.1%) 26 (2.4%) Dialysis Vintage at Listing (%) Pre-emptive 278 (28.3%) 13 (28.9%) 83 (5.1%) 18 (3.6%) (48.7%)	21 (4.3%) 0.0070 24 (26.7%) 13 (28.9%) 0.0274	0.006 0.0222
	2		663 Abbreviations: SD, Standard deviation; KDRI, Kidney Donor Risk Index; IFTA, Interstitial Fibrosis and Tubular Atrophy; CV, Cardio-68 (4.4%) 71 (14.4%) 68 (13.8%) -0.5669 -0.0061 0-3 years 260 (26.5%) 31 (68.9%) 0.4233 60 (66.7%) 31 (68.9%) 0.0222 vascular 3-5 years 195 (19.9%) 1 (2.2%) -0.1759 2 (2.2%) 1 (2.2%) 0
			*Sensitivity analysis -matching on donor age instead of the KDRI >5 years 249 (25.4%) 0 (0%) (61.1%) Zero HLA mismatch (%) 30 (3.1%) 0 (0%)	-0.2543 0.0306	4 (4.4%) 0 (0%)	0 (0%) 0 (0%)	-0.0444 0.0111
	3		Max PRA (SD) KDPI % (SD)	8 (0.7%)	22 (1.4%) 14.9 (31.4) 45 (25.6)	8 (1.6%) 6 (18.7) 43.1 (13.2)	8 (1.6%) -0.3465 -1.2251	0.0069 7.3 (23.1) 6 (18.7) 21.1 (12.7) 20.4 (12.1)	-0.0645 0 -0.0949
	CV Score *					

Abbreviations

transplant followed by antiviral therapy, but no studies have reported results beyond one year. Given this gap in the published literature, our group of THINKER investigators and the investigators of the EXPANDER trial obtained permission to collect usual-care data from the kidney transplant recipients in both trials beyond one-year. Moreover, we leveraged the recent availability of the integrative Box tool developed by the Paris Transplant Group to predict deathcensored allograft survival data for trial participants over the long term. These results may provide confidence in using these kidneys for transplant centers worried about complications from donor-derived HCV.

-10 (%)

Methods: One message was a Persuasive Narrative about a transplant recipient. Another message promoted the idea that organ donor registration is a Social Norm. The Knowledgebased message communicated that one donor could improve the lives of 50 people. The Reciprocity message offered a free organ donation wristband, whether or not the participant registered as a donor. The Control message simply encouraged organ donation. Using Google AdWords, the messages were deployed randomly as banners of different sizes on diverse online sites and carried a link to an organ donor registration site. We measured clicks, page visits, and organ donor registrations.

Results: There were 5,156,048 impressions and 25,001 total clicks, a click-through rate of 0.49%. The Control and Reciprocity messages both had the highest click-through rates of 0.51%. A total of 152 unique individuals requested wristbands and there were 52 total organ donor registration events. The Reciprocity message had the highest number of organ donor registrations (n=18).

Conclusions: Online organ donation messages rapidly generated substantial attention through clicks, but no message led to a meaningful number of organ donor registrations. Future research may focus on effectively capturing the attention of viewers through social networks or other convenient online venues with less competition for attention than internet banners.

propensity score and the covariates included in the propensity score model, and the caliper was set at 20% of standardized difference of the logit of propensity score. 135 We then applied penalties to the distance matrix to prioritize the algorithm for finding optimal matches in the following order: KDRI, glomerulosclerosis, IFTA and arteriosclerosis. Finally, we used nearexact matching for glomerulosclerosis, and near-fine balance for IFTA and arteriosclerosis. 136 A post-match standardized difference <0.1 was considered satisfactory balance between covariates. 137,138 The R package "designmatch" was used to perform optimal matching, and covariate balance was assessed using R package "cobalt." 139,140 All analyses were performed using R (version 3.2.1, R Foundation for Statistical Computing, Vienna, Austria) and Stata (Version 14.0, College Station, TX). Values of p<0.05 were considered significant, and all tests were 2-tailed.

Appendix 2 provides additional information about study methods.

Results

Donor and recipient characteristics in the derivation cohort

In the derivation cohort, the mean donor age was 52.60±16.68 years. A total of 958 (58.81%) donors were male and 911 (55.92%) had died of cerebrovascular causes. A total of 473 (29.80%) donors presented with hypertension, and 126 (8.02%) donors had diabetes mellitus. 3 presents the donor and recipient characteristics and the protocol Day-0 biopsy results of the derivation cohort.

immunological parameters with all-cause graft loss were assessed in univariate and multivariable Cox models (Appendix 7). Following the same variable selection process as in the primary analysis, we identified the following significant independent predictors of non-deathcensored graft loss: recipient age (HR=1.02; 95% CI 1.01 -1.03; p<0.0001), KDRI (log transformation) (HR=2.62; 95% CI 1.93 -3.56; p<0.0001), prior kidney transplant (HR=1.49; 95% CI 1.20 -1.86; p<0.0001), and the presence of Day-0 circulating DSA (HR=1.55; 95% CI 1.26 -1.89; p<0.0001). The discrimination capacity of the final multivariable model and the model with the addition of the Day-0 biopsy results (in which all the histological Banff scores for glomerulosclerosis, IFTA, arteriosclerosis, and arteriolar hyalinosis were added) were assessed using Harrell's C-index. In this supplemental analysis, the addition of biopsy data again was not associated with a statistically significant improvement in predictive accuracy, with a C-index for the model without histology of 0.659 (95% CI 0.636-0.682), compared to a C-index of 0.667 (95% CI 0.644-0.690) for the model with the addition of the Day-0 biopsy (p=0.07 for the comparison of C-statistics between models).

To confirm the robustness of the primary results, we matched kidneys using biopsy findings and the donor's age instead of the KDRI. Using 1:1 optimal matching, we matched 496 (45%) US 

Methods:

We collected follow-up data for recipients in the pioneering THINKER and EXPANDER single-arm trials. Thirty-five HCV-negative THINKER patients received kidneys from donors with HCV genotype 1 or 4 and elbasvir-grazoprevir was started on day 3. Ten EXPANDER patients started elbasvir-grazoprevir before transplantation and antiviral therapy was tailored per viral genotype. Primary outcomes included graft survival and immunological complications. We also predicted future allograft survival using the Integrative Box Scoring System (iBox). Finally, we examined eGFR trajectories for trial participants vs. two sets of highly-similar, matched recipients of HCV-negative kidneys. For the first set, we matched comparators on the allocation kidney donor profile index (KDPI) of kidneys in the trial, and for the second set, we matched on a KDPI recalculated as if trial participants had received HCVnegative kidneys (optimal KDPI). EXPANDER criteria included age 50 years or older, no prior transplant, and no history of liver disease. THINKER criteria included age between 40 and 65 years. THINKER initially included participants with ≤548 days of waitlist or dialysis time, and then criteria were changed to include those with ≤2555 days. In THINKER, participants were excluded for clinical evidence of liver disease; participants also underwent a screening elastography (Fibroscan) and were excluded if they had ≥F2 fibrosis. In both trials, transplant candidates were excluded if they were either listed for a multi-organ transplant, had living donors, or a history of HIV, HBV, or HCVseropositivity. Appendices Tables 12 and13 list complete inclusion/exclusion criteria.

Results

Donor Genotype and Direct Acting Antiviral Regimen

Both trials were supported by investigator-initiated grants from Merck, Sharp and Dohme, which provided elbasvir-grazoprevir (Zepatier), which is approved for HCV genotypes 1 and 4. During the trials, the recovering organ procurement organizations tested all organ donors for HCV-NAT and HCV antibody, but not HCV-genotype. For THINKER, the transplant center genotyped the donor HCV during allocation and only accepted kidneys from donors with genotype 1 or 4.

Recipients started elbasvir-grazoprevir around post-transplant day 3 and continued for 12 weeks. For HCV genotype 1a, if NS5a resistance was detected, treatment was extended to 16 weeks with addition of ribavirin. EXPANDER did not restrict kidneys based on HCV donor genotypes. Patients received prophylaxis with elbasvir-grazoprevir while awaiting surgery. For recipients of organs from donors with HCV genotypes 1, 4 or undetectable genotype, 12 weeks of elbasvir-grazoprevir treatment was given. Elbasvir-Grazoprevir was extended to 16 weeks along with ribavirin for HCV genotype 1 if NS5a resistance was detected. For recipients of HCVgenotype 2-3 organs, sofosbuvir was added. [START_REF] Durand | Direct-Acting Antiviral Prophylaxis in Kidney Transplantation From Hepatitis C Virus-Infected Donors to Noninfected Recipients: An Open-Label Nonrandomized Trial[END_REF]155 Neither center routinely performs pretransplant or surveillance biopsies.

Outcomes

For this follow-up study, the primary outcomes were graft survival and graft function defined as the most recent eGFR. eGFR was estimated using the Modification of Diet in Renal Disease Equation. 162,163 Secondary outcomes were biopsy-proven allograft rejection, development of de novo donor specific antibody DSA and BK viremia. Center protocols for assessing DSA and BK virus are provided in Appendices 14 and 15.

We also aimed to gain insight into likely future allograft function and survival. First, as an exploratory outcome, we compared eGFR trajectories for recipients of HCV-viremic kidneys matched to highly-similar recipients of HCV-seronegative kidneys at the same centers. We inspected the trajectories but did not use statistical analyses because of limited power.

Second, we calculated each recipient's predicted graft survival using the iBox. The iBox is a risk prediction tool which combines the time from transplant to the evaluation, kidney allograft functional (eGFR and proteinuria), histological, and immunological parameters (as available) to predict long-term kidney allograft survival, with prediction accuracy validated in European and US kidney recipients. 164 median age at transplantation was 63 (IQR 54-66) years, 12 (27%) were female, and 15 (33%) were Black race. Diabetes or hypertension was the primary cause of kidney disease for 23 (51%) of recipients. The median time to transplantation was 261 (IQR 143 -477) days. Rabbit anti-thymocyte globulin was used for induction for all recipients. 

Months on waitlist from HCV NAT activation, Median (IQR)

1.1 (0.4 -3.2) 1.0 (0.7 -2.0)

1 (3%) 0 (0%) Not performed/Unable to determine 0 (0%) 4 (40%)

Outcomes

Patients were followed for a median of 2.5 years after transplant for the outcomes of graft failure, graft function, and immunological complications. Twelve (27%) recipients had delayed graft function. The most-recent median eGFR at 3-years was 68.6 mL/min (IQR 55.2 -83.1).

Median urine protein-creatinine ratio was 0.14 (IQR 0.1 -0.3) g/g at the end of follow-up.

Eight recipients (18%) developed detectable BK-viremia, among whom four had peak BK viremia >10,000 copies/mL. Among the eight recipients with any detectable BK, the antimetabolite was discontinued for five recipients, and the anti-metabolite was dose-reduced for three recipients. Only one patient underwent a kidney biopsy after BK viremia, which did not show BK nephropathy. Five recipients had complete resolution of BK viremia during the study period, while three recipients had detectable BK viremia at the end of the study period (last measured value: 650, 975, and 13120 copies/mL, and serum creatinine are 2.0, 1.8, and 0.9 mg/dL respectively).

Seven (16%) recipients underwent a kidney biopsy. One THINKER recipient was found to have FSGS at 8-months after transplant and was treated with losartan for sub-nephrotic range proteinuria. At 3 years following transplant, this recipient had excellent graft function with a creatinine of 0.97 mg/dL (eGFR >80mL/min) and proteinuria was below 300mg. Unfortunately, one recipient in THINKER died during follow-up due to pancreatic adenocarcinoma which was unrelated to HCV-viremia or its treatment. Another recipient experienced Banff 1a acute cellular rejection at 13-months, treated with intravenous corticosteroids. HCV-infected donors relies on a careful process of demonstrating the safety of these transplants. The THINKER and EXPANDER trials were single-arm, pilot trials in which there were no long-term outcomes reported and no comparators enrolled prospectively. Collecting longer-term data within a trial setting will typically be expensive and difficult. As a result, Study Three of this thesis took advantage of existing retrospective datasets to generate highly-similar matched comparator recipients of HCV-negative transplants to put outcomes for THINKER and EXPANDER recipients in context. Further, the iBox offers a very important and inexpensive instrument to accurately predict future outcomes for THINKER and EXPANDER recipients. 161 The iBox should be considered for future transplant trials that have single arm designs and/or limited follow-up to help transplant clinicians gain insight into the expected outcomes for kidney recipients after the trial has ended. As new opportunities to test higher-risk organs emerge, the conduct of these trials and our commitment to transparently reporting longer-term outcomes for recipients may offer useful lessons.

In conclusion, transplantation remains a highly multi-disciplinary field that advances by integrating insights from different specialties. The three studies in this thesis took advantage of tools from the fields of epidemiology, statistics, clinical transplantation, nephrology, pathology and behavior change theory to seek ways to bring transplantation to more patients. The results of these rigorous studies offer opportunities to generate more transplants in the short term.

Nevertheless, even if these opportunities are pursued vigorously, the tremendous need for large expansion of the organ pool will remain present. Thus, our group will remain committed to the process of acquiring new skills and applying them to the difficult problem of making transplantation accessible to all who need new organs.
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X) APPENDIX

Interpretation of statistical analyses

The aim of discrimination is to distinguish between patients who experience an event and those who do not. The C-index estimates the proportion of all pairwise patient combinations from the sample data whose survival time can be ordered such that the patient with the highest predicted survival is the one who actually survived longer (discrimination). The C-index (0≤C≤1) is the probability of concordance between predicted and observed survival, with C-index=0.5 for random predictions and C-index=1 for a perfectly discriminating model. The KDRI score for any kidney allograft estimates the risk of failure for that allograft compared to a kidney from a reference donor. This reference donor is defined as 40 years old, non-African-American, 170 cm tall, weighing 80 kg, with a creatinine level of 1 mg/dL, as well as negative history of hypertension, diabetes and hepatitis C virus serostatus. Notably, race/ethnicity for organ donors cannot be collected and reported according to French national bioethics rules. As a result, as we entered "non-black" as the race for all French donors when calculating KDRI. This approach to calculating the KDRI of the French pool of donated kidneys will have the net effect of slightly overestimating the quality of these organs. 

Calculation of the

Appendix 16: Additional information about matching methodology

To generate highly similar matched pairs between recipients of HCV-viremic and HCV-aviremic kidney transplants, we used mixed-integer programming optimal matching methodology to reduce the mathematical distance between matched pairs. [3][4][5] Our matching algorithm included an iterative process to reduce the mathematical distance between the matched pairs. First, we performed exact matching to ensure that recipients of HCV-viremic kidney transplants were matched to similar comparators within the same transplant center. We then built a propensity score model, which included all covariates used in the matching algorithm. A Mahalanobis distance matrix was then built, and the caliper size was set at 20% of the standard deviation of the propensity score. 6 Penalties were then applied to ensure that the algorithm prioritized matching important covariates in the following order: Donor KDPI, recipient age, PRA, recipient cause of ESKD (diabetes). Finally, we performed near-fine balance, to ensure that recipient cause of ESKD was well balanced between the matched cohorts. Near-fine balance constrains the matched cohort to balance a categorical variable, to the extent feasible, without restricting which comparator is matched to a focal patient within the matched cohort. 4 Covariates were considered well-balanced if the standardized difference in means was <0.10. 7 In addition, a visual inspection of covariate distributions pre-and post-match was performed to ensure that covariates were well balanced. [8][9][10] Optimal matching was performed using the "designmatch" package in R (version 4.0.3, R Foundation for Statistical Computing). 5 We used the R package "Cobalt" to assess covariate balance. 11 The eGFR outcomes were assessed only after investigators (V.S.P and P.P.R.) assessed covariate balance and the matched cohorts were finalized. 12 The serum creatinine values for trial participants beyond one year, and all creatinine values for comparators, were collected during clinical care.