[bookmark: _heading=h.fx9e4iske0ep]
Privacy, Policy, and Profits: Survey of Patient Values and Preferences for Research on De-Identified Biosamples 

Abstract
[bookmark: _heading=h.h7v0ofr1haz][bookmark: _heading=h.q6718hclj03y][bookmark: _heading=h.xn3npxoj6kxl]This study aims to identify the values of patients to inform policies and infrastructure for biobanking and precision medicine in the face of trade-offs between values. We surveyed breast cancer patients about conditions for receiving research results, partnerships between nonprofit health systems and for-profit companies, and the distribution of financial value generated from research. Survey questions presented trade-offs between values such as maintaining privacy versus receiving research results. Patients generally are willing to be re-identified to receive information about the use of their donated tissue—especially research results. They support public-private partnerships if they accelerate development of new therapies and tend to favor the idea of sharing in financial benefits generated from research on their tissue. 
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Precision medicine represents a paradigm shift in both the delivery of clinical care and the role of biomedical research at the bedside. Tissue research is a cornerstone of precision medicine as it offers high-fidelity insights and a platform for n-of-1 research in pursuit of personalized care. As we pursue precision medicine as the standard of care for all patients, several challenges remain. Our research focuses on two. 
The first challenge relates to implementation within our current regulatory environment. Our current regulatory paradigms are ill-suited for the translation of research findings and the return of research results, whether generalized or individual, back to participants and their clinicians. The Common Rule, the federal regulations for protection of human subjects are implemented by IRBs at the local level to govern research activities, and have many provisions to protect patient privacy, including barriers for researchers to learn participants' identities and prohibitions on re-identification and re-contact of participants. 
The range of restrictions on research using de-identified data means that research participants are prevented from receiving any information about research they were (unknowingly) involved in. There is a large body of literature that surveys patients' views and preferences on receiving research results, both primary and incidental. However, return of clinically relevant results is not the only context in which patients could be contacted about research activities. Prohibitions on re-identification and re-contact also make it difficult to ask patients about changes or additions to research protocols in which they might participate or future uses of their samples and data, or even to let them know what research has been done with their donated samples (sans results). Requirements for de-identification forgo all of these possible methods of engagement, and potential future participation.  
As biomedical research advances, and as we seek to implement precision medicine at a larger scale, we must reconcile our existing frameworks for protecting patient privacy with the need to communicate findings that can inform patient care and the obligation to be transparent about research practices (Kass and Faden 2018).
The second challenge we focus on is how to do precision medicine at scale. Currently, many precision medicine initiatives are one-off, grant-funded programs, often taking place at just one institution, or even within one department. Delivering precision medicine at scale will require building and maintaining infrastructure to collect, store and analyze data, including tissue and biosamples (biobank infrastructure). Due to the current regulatory environment, there is also a lack of infrastructure to maintain provenance of data and engagement of patients over time. Much like the larger precision medicine landscape, some institutions have invested in biobanking and other infrastructure, though many biobanks are also grant-funded, use-specific, and tied to one Principal Investigator. 
Making biobanking economically sustainable, and therefore precision medicine scalable, remains a significant challenge (Henderson et al 2019, Rao et al 2019, Vaught 2013). We explore the potential role of private sector partners collaborating with nonprofit academic medical institutions to achieve these goals. However, we acknowledge challenges of trust among patients for outside, profit-motivated entities, as well as institutional challenges of a nonprofit, donor-supplied biobank seeking to enter into tissue commercialization and profit-making. It is critical to understand what policies are acceptable (or not) to patients in this regard. 
Patient preferences can inform institutional policies and may help illuminate a path through ethical challenges, tipping decisions in favor of trade-offs that patients find more acceptable than others. Many surveys have asked patients their views on existing and hypothetical policies, including about data use and data sharing policies; broad versus specific consent to participate in research activities (Warner et al 2018, Ewing et al 2015, Peppercorn et al 2020, Platt et al 2014, Garrison et al 2016); and receiving research results, both primary and incidental (Kauffman et al 2009, Fiallos et al 2017, Bollinger et al  2012, Bollinger et al 2020, Morain et al 2021, Husedzinovic et al 2015). A few have asked about working in partnership with for-profit entities, and patients' concerns about the commercialization of tissues (Critchley et al 2021, Haddow et al 2007). Most of these studies find that patients are generally permissive and supportive of most research. Respondents have concerns about certain conditions of research, but few hold those concerns so strongly that they would not still contribute their data to research. 

Materials and Methods
We add to this evidence base by surveying a subset of patients about their preferences for policies that might be adopted to answer these questions. We focused on three policy areas: return of information about research (including results), institutional collaborations between nonprofit health systems and for-profit companies, and the flow of financial value through the research pipeline. The first area provides insight on how and when de-identification standards won’t suffice when balancing benefits and risks of sharing research information. The second and third areas offer patients’ perspectives on the conditions of commercialization and scalability of research activities. 
For each of these areas, we asked general interest questions (e.g., are you interested in learning what happened to your donated tissue?) and about specific scenarios (e.g., types of information they might learn). We also framed policy decisions as containing a trade-off between two values. For example, would patients be willing to make concessions on privacy in order to receive research results? Or, would patients feel more comfortable with collaborations with for-profit companies if that meant new treatments were developed more quickly? Including these questions help paint a nuanced picture of patient preferences for institutional policies and their potential benefits. 
This cross-sectional study used convenience sampling of patients presenting to breast cancer clinical sites. Survey data were collected between 28 March and 14 June 2022 from 109 respondents aged ≥18 years. This study was approved by the [redacted for review] IRB (protocol 22010118) and [redacted for review] IRB (protocol 00020507). Participants were recruited via flyers posted in clinic waiting rooms (breast oncology, surgery, and other departments at the [redacted for review] hospital and satellite locations) and via local breast cancer advocacy networks. To be included in the research, participants had to be a current or former patient at [redacted for review], read and understand English, and be at least 18 years old. 
The instrument was developed by the authors. The survey consisted of three parts: (1) patient demographics, (2) patient clinical characteristics, and (3) patient attitudes about research using donated tumor/tissues.
Descriptive statistics were used to illustrate patient attitudes. Socio-demographic factors associated with attitudes were examined through multivariable Ordinary Least Squares regressions. Estimated coefficients represent percentage-point changes associated with unit changes in the regressors, and were reported with the associated standard errors and 95% statistical significance. All analyses were conducted in Stata version 17 software.

Results
Patient characteristics
Table 1 shows demographic, clinical, and other characteristics for our sample of 109 [redacted for review] patients. 7% of respondents are in the 18-34 age group, 23% are 35-44, 39% between 45-59, and 32% are 60 or older. Looking at clinical characteristics, we observe that 84% of respondents (100/109) have been diagnosed with breast cancer; 31% are stage 1, 37% stage 2 or 3, and 27% are stage 4. 
The table also shows patient characteristics separately for three groups of patients: those who have agreed (or will agree) to allow their breast tumor/tissue to be used for research (N=52), those who did not agree because that was not an option they were offered (N=9), and patients who are not sure/do not remember (N=32). Our main focus in this paper is on patients who did agree to allow their breast tumor/tissue to be used for research. 

Patient interest in learning what happened to and research results from their donated tissue/tumor, being informed of the demand for their tissue/tumor, and influencing how it is used by researchers/drug companies
Patients expressed interest in learning what happened to and research results from their donated tissue/tumor, being informed of the demand for their tissue/tumor, and influencing how it is used by researchers/drug companies. 50% of patients responded that they wondered what happened to their donated tissue/tumor. 33% of those who said no to this question said they would want to know in a follow-up question, bringing the total to 66% of patients expressing some interest (see F1). When certain benefits of knowing about tissue/tumor use were made salient, interest increased: 80% if genetic results could affect family's health, 73% if research results would affect their healthcare, 53% if they could learn details of the research, and 50% if tissues/tumor had unique or commercial value. The fraction of respondents who said they were not interested ranged from 8%-18% (see F2).
As shown in Figure 3, 86 percent (43/50) of patients who agreed to donate their tissue/tumor for research answered affirmatively. We asked a similar question also to patients who did not remember or were not offered the opportunity to donate their tissue/tumor, and 90 percent gave a positive response (18/20).  
In Table S2 in the Supplementary Materials, we estimated multivariate linear probability models to explore the correlates of patients' (un)willingness to be re-identified to learn research results that could affect their health care or cancer treatment. Most socio-demographic and clinical characteristics are uncorrelated with patients' propensity to be willing to be re-identify to receive the research results. 

Patient attitudes about collaboration between universities and for-profit pharmaceutical companies 
We asked three questions to understand patients' attitudes about universities collaborating with for-profit pharmaceutical companies. The first question asked whether "Nonprofit Universities who do research on tumors/tissues donated by patients should minimize the ability of companies to profit from patients' donated tumors/tissues." As shown in Figure 4-A, only 16% of respondents said No. In contrast, 30%, expressed a negative view saying that universities should minimize companies' ability to profit from patients donated tumors/tissues. In a second question, we asked whether nonprofit universities should maximize working with for-profit companies to speed the development of new treatments. Unlike the previous question, this question presents patients with an implicit trade-off between allowing companies to profit from donated tumor/tissues in return for faster development of new cancer treatments. Figure 4-A shows that in this case, only 9% said No, and 33% of respondents said that nonprofit universities using tumor/tissues donated by patients should maximize working with for-profit companies to speed the development of new treatments. We note, however, that in both questions, the largest share of patients (55% and 58%, respectively) answered "Maybe", indicating that they did not have a strong opinion one way or another. In the third question, we asked patients to choose their preferred policy between minimizing the ability of companies to profit from patient's donated tumors/tissues, and maximizing working with for-profit companies to speed the development of new cancer treatments. As shown in the bottom chart in Figure 4, when faced with this choice, 70.6% of patients stated they would prefer maximizing working with for-profit companies to speed the development of new cancer treatments.
Table S4 in the Supplementary Materials shows that, again, most socio-economic and clinical characteristics are not significantly correlated with patients' choice of preferred policy. 

Attitudes about patients benefiting financially from commercial discoveries using donated tissues/tumor 
In a final set of questions, we asked whether patients think that other parties involved (besides for-profit drug companies) should have a chance to obtain financial benefits. As shown in Figure S3 in the Supplementary Materials, 51% of respondents indicated that the patient whose tumor/tissues were used (or their loved ones) should have a chance to make money. Due to possible social desirability bias (e.g., a concern that the researchers might perceive someone as being greedy for stating that patients should obtain financial benefits), we consider this as a lower bound on the true proportion of respondents who believe that patients should participate in the financial benefits from discoveries obtained with their tumor/tissues.
Next, we asked the respondents to imagine a scenario in which profits from research products are shared with patients, and asked them to indicate how they believe the profits should be shared. Specifically, we asked whether they thought the patient whose unique tumor/tissues made the breakthrough possible should receive most of the money or if, instead, all patients who donated their tumors/tissues should share the money equally. As shown in Figure 5, 61% of respondents reported that all patients who donated tumor/tissues should share in the profits from research, and 34% indicated that most money should go to the specific patient whose tissue was used that led to the breakthrough (the remaining respondents had no opinion or did not answer). 
Table S5 in the Supplementary Materials shows that no socio-demographic characteristics correlate significantly with the likelihood that respondents indicated the patient whose unique tumor/tissue made the breakthrough possible should receive most of the money. Of the clinical characteristics, only two are statistically significantly correlated with the belief of interest: respondents who were first diagnosed 5+ years ago were 62.8 percentage points more likely (p<0.05) and those who had surgery 5+ years ago were 46.9 percentage points less likely (p<0.05) to indicate that the specific patient should receive most of the financial reward. 

Discussion
We found that patients are generally interested in receiving follow-up information about their donated tissue samples. Interest increases when follow-up information includes health-relevant information like genetic results. Patients are also interested in receiving follow-up information that is not clinically relevant. Current de-identification standards place privacy protection at the paramount in the balance of risks and benefits, as they preclude the distribution of any beneficial follow-up. In the move towards precision medicine, institutions must decide if and when privacy standards must change. Our findings show that patients are willing to be re-identified if research finds clinically relevant information. This indicates that patients are willing to relinquish some aspects of current privacy protections (e.g., prohibitions of recontact) under certain conditions. Today's norms of de-identification prevent any follow-up from being delivered by removing the patient's identity from their research data/samples completely, and are unable to accommodate these patients' preferences.
Patients are unsure about collaborations with for-profit companies, generally. We presented two separate scenarios: one in which collaborators' ability to profit from donated tissue was minimized, and one in which collaboration with for-profit industries was maximized to facilitate faster research. When presented separately, about half of respondents were unsure about each policy's acceptability. However, when presented as a choice between the two, patients preferred collaboration with for-profits, if the collaboration results in speedier research. This finding may assuage the fears of nonprofit medical centers that the commercialization of tissues and the potential profiting from donated samples might be repugnant or unacceptable to patients. This finding can inform the standards of collaboration with for-profit companies. 
Patients believe that researchers, nonprofit research institutions, and patients themselves should receive a portion of profits made from research on donated tissues. This view is a radical departure from the status quo, in which financial transactions are kept at the institutional level—often for-profit companies paying for access to data or researchers' time, but not sharing profit with collaborators. When nonprofit health systems set the terms of a collaboration that may lead to profit, patients are excluded from negotiations, even when they are knowing participants in the resulting research (e.g., clinical trial participation). By forgoing their involvement, health systems may maintain better protection of patient privacy and better protection of their reputation as a nonprofit entity, focused on healthcare delivery rather than profiting from patient donations. These findings, along with the previous set, show that patients do not find for-profit research endeavors unacceptable, though they do prefer certain conditions be met. 

Best Practices
The trade-offs explored in this survey reflect ethical tensions present in the literature on precision medicine implementation, and are also informed by these efforts at our home institutions. However, the exact scenarios presented to patients in this survey are hypothetical and may not reflect real policies, or real trade-offs, that institutions face. For example, technological solutions, such as cutting-edge data encryption methods, offer privacy protections and data security without sacrificing data provenance. These tools satisfy current privacy protection standards while maintaining a path to re-contact and follow-up with patients. Institutions should consider the challenges present in their own contexts, as well as the tools available to overcome them. 
It may also be the case that, once an acceptable ethical trade-off is decided, and a policy is written, additional barriers to implementation may remain. Data encryption methods mentioned above require technical expertise, institutional support, and computing infrastructure. Prioritizing these solutions is also a policy decision, facing the same challenges to implementation referenced throughout this paper. Similarly, patient engagement need not end with the policymaking process. While patient preferences and incentives may differ from those of the institution or other stakeholder groups, including patients in the co-design of precision medicine infrastructure, and doing the work of aligning the incentives towards a common goal, will ultimately increase the sustainability of precision medicine solutions. 

Research Agenda
This study is based on a small sample of patients, which limits statistical power. Because it is focused on a specific population—breast cancer patients within one academic, urban health system, and surrounding area, its generalizability is also limited. In line with the demographics of this disease and region, the sample population is mostly white women. 
Other studies have assessed whether participants' views on these subjects change when the entities involved are domestic or international (Warner et al 2018). This study did not. We do not know whether patients' views are more or less permissive across these categories. 
Yet other research suggests that those with experience of a certain disease (e.g., breast cancer) are permissive of a broader array of research activities and are more permissive of commercialization and working with industry partners (Critchley et al 2021). This study surveyed patients who were receiving breast care, though 16% of respondents had not received a cancer diagnosis at the time of the survey. However, patients across the health system may hold different views. Future research must validate these findings in more diverse patient populations and clinical contexts. 
We hypothesize that including patients in decision making about investments into precision medicine policies and infrastructure will impact the perceived trustworthiness of healthcare institutions. Meaningful engagement and consideration of their values and preferences and resulting systems design to promote their inclusion as participants and beneficiaries may help to repair distrust in both healthcare and biomedical research enterprises. Further direct engagement of patients on these issues can gauge this impact, as well as examining measurements of research participation, continuity of care, and other indicators of trust (Ozawa and Sripad 2013). 

Educational Implications
Engaging patients offers a unique and underrepresented perspective in institutional decision making. Understanding patient values and incentives, even hypothetical, can appropriately broaden the view of healthcare institutions and inform their own values. While these findings emerge from a limited context, they illuminate wide gaps between patient preferences and existing institutional policy and can serve as basis for discussion about what ought to be done about such gaps. While this survey was done as empirical research, this method of engaging patients can be incorporated into institutional decision making in other ways, such as quality improvement studies. Patient engagement research such as this can spark conversation about the move from hypothetical research to more meaningful stakeholdership of patients in co-designing precision medicine solutions.

[bookmark: _heading=h.1fob9te]Conclusion
A large majority of patients want to know what happened to their donated tumor/tissue samples, especially if research results could influence their health care or their family members' health. Patients are willing to be re-identified to learn research results that could affect their health. They are in favor of nonprofit universities partnering with for-profit companies if this leads to faster development of new therapies. They tend to be in favor of patients benefiting financially from research on their tissue but mostly believe that all patients who contributed samples to research should benefit, not just the person whose specific donation made the breakthrough possible.  
These results offer novel and rich insight into patient preferences for certain scenarios for implementing precision medicine at scale and can be used to inform institutional decision-making. Importantly, these results identify gaps between what patients want and the current standards of health systems, including norms of de-identification and collaboration with for-profit companies. As institutions move to implement precision medicine at scale, incorporating patient feedback can help inform policy decisions, especially in the face of difficult trade-offs. 
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