Xenotransplantation W I L E Y

Xenotransplantation

| ORIGINAL ARTICLE GEEEDD

Patients’ Information Needs for Informed Consent to
Participate in First-in-Human Pig Kidney Xenotransplant
Clinical Trials: A Mixed Methods Study

Elisa J. Gordon' | Michael K. Gusmano? | Jessica Gacki-Smith? | Hannah L. Brooks*
Margaret M. Matthews’ | Dahlya Manning® | Joseph Leventhal’ | Karen J. Maschke®

'Department of Surgery, Center for Biomedical Ethics and Society, Vanderbilt University Medical Center, Nashville, Tennessee, USA | 2Department of
Population Health, College of Health, Lehigh University, Bethlehem, Pennsylvania, USA | 3Center for Health Services and Outcomes Research, Northwestern
University Feinberg School of Medicine, Chicago, Illinois, USA | “Vanderbilt Institute for Global Health, Vanderbilt University Medical Center, Nashville,
Tennessee, USA | SDepartment of Social and Behavioral Sciences, Harvard T.H. Chan School of Public Health, Harvard University, Boston, Massachusetts,
USA | ®Comprehensive Transplant Center, Northwestern University Feinberg School of Medicine, Chicago, Illinois, USA | "Department of Surgery, Division of
Transplantation, Northwestern University Feinberg School of Medicine, Chicago, Illinois, USA | 8The Hastings Center, Garrison, New York, USA

Correspondence: Elisa J. Gordon (elisa.gordon@vumec.org)

Funding: This study was supported by an award (RO1TR003844) from the National Center for Advancing Translational Sciences to Karen Maschke, Michael
Gusmano, and Elisa Gordon.

Keywords: clinical trial participation | comprehension | disclosure | ethics | information disclosure | kidney patients | patient-centered | patient-provider
communication | qualitative | recruitment | research ethics | xenotransplantation

ABSTRACT

Background: Transplant programs preparing to initiate first-in-human pig kidney xenotransplant clinical trials must be especially
careful when obtaining participants’ informed consent. Little is known about the kind of information patients want for making
an informed decision about trial participation.

Methods: We conducted semi-structured telephone interviews with waitlisted kidney transplant patients about information needs
regarding participating in a first-in-human pig kidney xenotransplant trial, which guided development of a prototype consent form.
Subsequent usability testing interviews sought patient feedback on the consent form. We analyzed qualitative data by thematic
analysis and quantitative data by descriptive statistics.

Results: Twenty-eight patients participated in semi-structured interviews; 16 patients participated in usability testing interviews.
Most interview participants were male (68%, 56%), White (54%, 56%), or Black (36%, 31%), respectively. Interview participants
identified five types of information needs: (1) the potential for infection contraction and transmission; (2) risks, benefits, and
impact of xenotransplant trials; (3) xenotransplant clinical trial and recipient experience; (4) clinical trial logistics; and (5) the
pig and its kidney. Usability testing participants suggested adding details to the prototype. Participants’ preparedness to make a
decision about participating in a xenotransplant trial increased after reviewing the prototype (12.5% vs. 31.3%, 1n.s.).

Conclusion: We identified multiple unique types of information patients desired to make informed decisions about pig kidney
xenotransplant trial participation. Transplant programs initiating xenotransplant trials should be prepared to address patients’
information needs to optimize informed decision-making for trial participation. The prototype consent form may support a patient-
centered approach to informed consent.

Abbreviations: HC, Hastings Center; LU, Lehigh University; NU, Northwestern University; RWJ, Robert Wood Johnson.
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1 | Introduction

Transplanting animal organs into humans—known as
xenotransplantation—holds great promise for addressing
the limited organ supply and saving lives. Many xenotransplant
experts anticipate that the US Food and Drug Administration
(FDA) will permit the conduct of first-in-human xenotransplant
clinical trials involving gene-edited pig kidneys to test the safety
of these organs in human recipients [1-5]. Several transplant
surgeons intend to request FDA approval to conduct such trials,
indicating that trials may soon commence [6-8]. Public opinion
surveys show high levels of support for xenotransplantation [9,
10], and that some would participate in trials [9, 11], indicating,
in part, trial feasibility.

Prior to launching such trials, tailoring the ethical approach to
informed consent in the xenotransplant trial context is urgently
needed. The FDA’s regulations governing research with humans
require that specific information be provided to individuals
recruited for clinical trials to make an informed decision about
participation. However, the regulation has not established pro-
tections for first-in-human clinical trials in general, for which
the ethical stakes of informed consent are higher. Xenotransplant
trials raise additional ethical considerations that have not yet been
addressed.

The informed consent process for participating in a first-in-
human pig kidney xenotransplant clinical trial will likely be
ethically challenging because limited information is available
about the safety, efficacy, and potential benefits of transplanting
a pig kidney into humans [12, 13], which may make informing
patients about the innovation difficult [14]. Moreover, xenotrans-
plant recipients may encounter unknown risks. For example,
it is unknown whether the organ might transmit a porcine
infectious disease to recipients and their close contacts [15].
The unknown potential to transmit known and unknown dis-
eases from the pig organ to human recipient [16, 17] elevates
the risk profile of first-in-human pig kidney xenotransplant
trials.

The five xenotransplants (2 heart, 3 kidney) performed under
the FDA’s Expanded Access program [14, 18-20] provide some
information about how xenotransplants functioned in those
recipients (e.g., the fact that grafts survived 2 months). How-
ever, the different eligibility criteria, different gene-edited pigs
used, and patients’ grave conditions mean that their out-
comes are unlikely to be commensurate with clinical trial
outcomes. Accordingly, the information disclosed to prospec-
tive trial participants about such xenotransplants must be
qualified.

Magnifying these challenges is that few, if any, treatment
alternatives for patients with end-stage kidney disease exist,
which can render patients vulnerable and undermine voluntary
decision-making [12, 13]. Such vulnerability commonly
occurs among patients undergoing innovative surgical
procedures for which alternative standard treatments are
either ineffective or nonexistent [21]. In regard to first-in-
human xenotransplant trials, waitlisted candidates may have
exhausted all life-saving options, as in the Expanded Access
xenotransplants.

The ethical challenges to informed consent comprise a compo-
nent of translational research that requires resolution. Current
federal regulations (i.e., the National Organ Transplant Act of
1984) lack guidance on informed consent for xenotransplant
clinical trials [22]. Organ Procurement and Transplant Net-
work policies only pertain to human organs. Thus, policies on
information disclosure may not translate to the xenotransplant
context.

Few scholars have made headway in addressing this problem.
Padilla and colleagues reviewed The US Department of Health
and Human Services nine minimum elements that consent forms
must include to protect human subjects, highlighting how these
elements should be conveyed in the consent process and in the
informed consent form for xenotransplantation [23]. Drawing
upon this work, Cooper prepared an informed consent form tem-
plate tailored to the xenotransplant trial context [24]. However,
while Cooper’s consent form may reflect what is important for
transplant clinicians to disclose, it may not address patients’ infor-
mation needs. Little is known about what information patients
need to decide whether to participate in a xenotransplant clinical
trial. The National Academies of Sciences called for greater public
engagement with emerging innovative areas of biotechnology and
biomedical research [25]. This paper presents kidney transplant
candidates’ information needs for making informed decisions
about participating in pig kidney first-in-human xenotransplant
clinical trials.

2 | Materials and Methods

2.1 | Study Design

We conducted a sequential, exploratory mixed-methods study
involving semi-structured interviews to assess waitlisted kidney
patients’ information needs, followed by usability testing inter-
views to assess perceptions of an informed consent prototype for
participating in first-in-human pig kidney trials [26].

We conducted a multi-site study at Northwestern University (NU)
in Chicago, IL; Lehigh University (LU) in Bethlehem, PA; and The
Hastings Center (HC) in Garrison, NY. Rutgers University (RU)
in affiliation with the Robert Wood Johnson (RWJ) transplant
program in Piscataway, NJ, aided LU in participant recruitment.
Institutional Review Boards (IRBs) at NU (STU00214874) and
LU (1806245-5) approved the study. NU served as the single IRB.
The Standards for Reporting Qualitative Research guided quality
reporting of qualitative research [27].

2.2 | Participants and Recruitment

Eligible individuals were: English-speaking, adult (age >18
years), and waitlisted kidney patients. Patients who were cogni-
tively impaired and/or waitlisted for multiple organ transplants
were excluded. NU and RWI patients were recruited by email
and/or mailed letter followed by a call a week later to gauge
interest and schedule interviews. The research staff had no prior
relationships with study participants. Patients provided verbal
informed consent.
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2.3 | Data Collection

We conducted telephone semi-structured interviews from July
2022 to February 2023, and usability testing interviews from
March 2024 to May 2024, using standardized interview guides
guided by extant literature and feedback from the study’s
Ethics and Policy Advisory Committee. The Committee com-
prised 17 stakeholders (e.g., transplant recipients, translational
researchers, transplant clinicians, transplant regulators, trans-
plant outcomes experts, a transplant payer, transplant ethicists,
and research ethics experts). The multiple Principal Investigators
(mPIs) held two 2-hour videoconferences with the Advisory
Committee to ensure that the interview guide, usability test-
ing instrument, and informed consent form prototype would
expansively and precisely address contemporary clinical, ethical,
and policy considerations about xenotransplantation. During the
informed consent process and upon initiating each interview,
research staff explained the concept of xenotransplantation and
xenotransplant trials, and they had no relationship with the
transplant center.

2.3.1 | Semi-Structured Interviews

Interviews included open-ended questions about patients’ infor-
mation needs for considering whether to participate in a pig
kidney xenotransplant clinical trial, which comprised a subset
of the study data (Supporting Information 1). Interviews also
assessed demographics, health literacy [28], and clinical charac-
teristics. One mPI (E.J.G.), an experienced qualitative researcher,
trained male and female research staff who conducted inter-
views. Interviews were audio-recorded, transcribed, and lasted
58 minutes, on average. Participants received a $30 e-gift card as
compensation.

2.3.2 | Informed Consent Prototype Development

The informed consent prototype was initially developed through
an iterative process whereby four staff (M.M., J.G.S., D.M., and
K.T.) independently reviewed information from 19 questions in
the semi-structured interview transcripts pertaining to patients’
information needs for informed consent for trial participation.
Using a NU IRB biomedical consent form with template language
to fill in as a guide, each staff member developed a draft prototype
by transforming the information needs into distinct statements
regarding trial purpose, risks, benefits, alternatives, implications
for reproduction, and other sections of the consent form, as
well as adapting the consent form template language to the
xenotransplant study context. One Principal Investigator (E.J.G.)
provided initial feedback in simplifying the statement phrasing
and organization, guiding the four staff members in revising
their drafts and completing transcript reviews. The resulting
prototypes were consolidated into one prototype “Master” draft.
The mPIs and staff refined this draft for clarification and face
validity. Advisory Committee members provided feedback on two
sequential versions of the Master prototype. Based on both sets
of Advisory Committee feedback, the mPIs revised the Master
prototype and submitted it to the NU IRB for approval. After com-
pleting usability testing interviews, the staff and mPIs reviewed

participants’ suggested changes and further refined the prototype
for clarity and provided additional information usability testing
participants requested. Supporting Information 2 provides the
Prototype Informed Consent Form. The prototype retains some
template instructions in red font that trial investigators will need
to address.

2.3.3 | Usability Testing Interviews

We conducted usability testing interviews using cognitive inter-
viewing techniques [29] to elicit patients’ perceptions of the
consent form prototype in terms of content comprehensiveness,
clarity, and order, and suggestions for improvement. Participants
were asked before and after reviewing the prototype: “How pre-
pared do you feel to make a decision about participating in a pig
kidney xenotransplant clinical trial?” using a 5-point Likert scale
anchored by “not at all likely” and “entirely likely.” Interviews
lasted, on average, 51 min. Participants were compensated with a
$15 e-gift card.

2.4 | Data Analysis

2.4.1 | Qualitative Analysis

Semi-structured interview transcriptions were analyzed using
thematic analysis [30] and constant comparison [31]. The mPIs
developed an initial deductive code list a priori based on the
interview guide, and applied inductive coding methods for
codes emergent from the data [32]. The full research team
refined the codebook through four analytic retreats to iteratively
identify additional inductive codes, which were added and
revised until achieving thematic saturation [33]. After finalizing
the codebook, five staff independently coded transcripts using
NVivo (QSR International) until establishing inter-rater reliabil-
ity (Kappa > 0.80) [30]. Staff then coded all transcripts in teams
of two, resolving discrepancies through discussion. Research staff
reviewed all segments for each code to develop code summaries
that synthesized patterns and themes [34].

2.4.2 | Quantitative Analysis

We performed descriptive statistics to describe participants’
demographic and clinical characteristics using IBM SPSS Statis-
tics (Version 28).

3 | Results

3.1 | Participant Characteristics

Overall, 28 kidney transplant candidates completed semi-
structured interviews (NU: n = 20, LU: n = 8, 33% participation
rate), and 16 completed usability testing interviews (NU: n = 10,
LU: n = 6, 28% participation rate). Of the 313 patients sent a
recruitment email/letter about the semi-structured interview, we
subsequently spoke to or received an email(s) from 94 patients. Of
these, nine were ineligible. Of the 85 eligible patients, 57 declined
because they were not interested, did not have time, or were not
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comfortable with the topic, or could not be re-reached, or did
not show up for the scheduled interview. Of the 221 different
patients sent a recruitment email/letter about the usability testing
interview, we subsequently spoke to or received an email(s) from
66 patients. Of these, eight were ineligible. Of the 58 eligible
patients, 42 declined because they were not interested, did not
have time, or were not comfortable with the topic, or could not
be re-reached, or did not show up for the scheduled interview.

Most interview and usability testing participants were male (68%
and 56%), White (54% and 56%), or Black (36% and 31%), with
a mean age of 49 and 57 years (Tables 1 and 2). Many semi-
structured interview participants who were on dialysis were
concerned “a lot” or “entirely” about the impact of dialysis
on their ability to survive (n = 7/23, 30% interviews; n =
9/13, 69% usability testing). A few participants were “somewhat
uncomfortable” or “not comfortable” with being on dialysis (n =
5/23, 22% interviews; n = 4/13, 31% usability testing).

3.2 | Information Needs About Pig Kidney Trials
Five themes regarding information needs about pig kidney
xenotransplant trials emerged: (1) the potential for infection con-
traction and transmission from a pig kidney; (2) risks, benefits,
and impact of xenotransplant trials; (3) xenotransplant clinical
trial and recipient experience; (4) clinical trial logistics; and (5)
the pig and its kidney. Representative illustrative quotations are
presented in Table 3.

3.2.1 | Potential for Infection Contraction and Transmis-

sion

Participants desired information about the probability, duration,
and curability of contracting “infections,” “viruses,” “parasites,”
and “diseases” from the pig kidney. Participants expressed con-
cerns about the potential harms of such infections and desired
information about which infectious diseases the pig kidney could
transmit, and the probability of transmitting those diseases to
others. If they were to contract an infectious disease from the
pig, participants wanted to know if the transmissible disease was
“curable,” and if so, the treatment’s side effects, and how long
the potential “harm” of the disease and treatment would last.
Participants commented:

”

“What potential viruses that can happen... Is there any
potential viruses that I can give to my family members
or to the public.” (NU#3004)

“You know, like there are some infections that are
curable and easy to treat. I don’t want to have a bigger
issue that needs more attention, more bloodwork, more
medicine. That’s not a good thing.” (LU#3004)

TABLE 1 |
teristics, N = 28.

Interview participants’ demographic and clinical charac-

Variable

n (%)

Age, years, mean [SD] (range)

49 [12.5] (25-69)

Gender
Male 19 (67.9)
Female 9(32.1)
Ethnicity
Not Hispanic or Latino 22 (78.6)
Hispanic or Latino 6(21.4)
Race
White 15 (53.6)
Black or African American 10 (35.7)
Other® 3(10.7)
Marital status
Never married/single 13 (46.4)
Married/domestic partner/civil union 11 (39.0)
Separated or divorced 3(10.7)
Widowed 1(3.6)
Education
High school graduate 4(14.3)
Some college 11(39.3)
College graduate 10 (35.7)
Postgraduate degree 3(10.7)
Employment status
Employed full time 10 (35.7)
Disabled 6(21.4)
Retired 4 (14.3)
Employed part-time 4(14.3)
Not employed 4(14.3)
Income
Less than $15 000 4(14.3)
Between $15 000 and $34 999 6(21.4)
Between $35 000 and $54 999 4 (14.3)
Between $55 000 and $74 999 2(7.1)
Between $75 000 and $94 999 3(10.7)
More than $95 000 9(32.1)
Primary health insurance®
Private 16 (57.1)
Medicaid or Medicare 13 (46.4)
None 1(3.6)
Present religion
Protestant 11 (39.3)
Catholic 8(28.6)
(Continues)
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TABLE 1 | (Continued)

Variable n (%)
Nothing in particular 5(17.9)
Jewish 2(7.1)
Muslim 1(3.6)
Agnostic 1(3.6)

Type of diet
Meat eater 27(96.4)
Flexitarian 1(3.6)

Primary health insurance®
Private 16 (57.1)
Medicaid or Medicare 13 (46.4)
None 1(3.6)

Health literacy, adequate 24 (85.7)

Health status
Excellent 2(7.1)
Very Good 4(14.2)
Good 9(32.1)
Fair 8(28.5)
Poor 5(17.8)

Cause of end-stage kidney disease
Hypertension 8(28.6)
Diabetes 7(25.0)
Polycystic kidney disease 3(10.7)
Doctors do not know 3(10.7)
Glomerular 3(10.7)
Other® 4(14.2)

Time on dialysis (months), 24.0 [32.3] (0-252)

median [IQR] (range)

Time on waiting list (months),
median [IQR] (range)

Number of prior organ transplants

21.5[24.0] (1-168)

0 transplant 23(82.1)

1 transplant 3(10.7)

2+ transplants 2(7.1)
Study site

Northwestern University 20 (71.4)

Lehigh University 8(28.6)

Abbreviations: IQR, interquartile range; SD, standard deviation.

2“Other” included people who identified as Hispanic or Mexican (n = 3).
bPercentages add up to greater than 100 due to more than one response from
some participants.

¢“Other” reported causes of ESKD included liver disease, childhood predispo-
sition, cardiac medication, and both hypertension and diabetes (n = 4).

TABLE 2 | Usability testing participants’ demographic and clinical

characteristics.
Total
(n=16)
Variable n (%)

Age, years, mean [SD] (range)

56.5 [15.3] (26-75)

Gender
Male 9(56.2)
Female 7(43.8)
Ethnicity
Not Hispanic or Latino 14 (87.5)
Hispanic or Latino 2(12.5)
Race
White 9(56.2)
Black or African American 5(31.2)
Asian 1(6.3)
Other? 1(6.3)
Marital status
Married/Domestic Partner/Civil 9(56.2)
Union
Never Married/Single 4(25.0)
Separated or Divorced 2(12.5)
Living with a partner 1(6.3)
Education
Less than a high school graduate 1(6.3)
High school graduate 0(0)
Some college 7(43.8)
College graduate 5(1.2)
Post graduate degree 3(18.7)
Employment status
Retired 6 (37.5)
Employed full time 5(31.2)
Disabled 2(12.5)
Employed part-time 1(6.3)
Not employed 2(12.5)
Income
Less than $15 000 1(6.3)
$15 000-$34 999 2(12.5)
$35 000-$54 999 3(18.7)
$55 000-$74 999 0(0)
$75 000-$94 999 1(6.3)
More than $95 000 7(43.7)
Prefer not to answer 2(12.5)
Present religion
Protestant 6 (37.5)
(Continues)
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TABLE 2 | (Continued)

Total
(n=16)
Variable n (%)
Catholic 5(31.1)
Jewish 2(12.5)
Buddhist 1(6.3)
Atheist 1(6.3)
Nothing in particular 1(6.3)
Type of diet
Meat eater 16 (100)
Primary health insurance
Private 4(25.0)
Medicaid or Medicare 7 (43.8)
Both Private and 5(31.2)
Medicaid/Medicare
Health literacy, adequate 15(93.8)
Cause of end-stage kidney disease
Hypertension 5(31.2)
Diabetes 2(12.5)
Glomerular diseases 2 (12.5)
Doctors do not know 2(12.5)
Other® 5(31.3)
Time on dialysis (months), median 36 [17.5] (9-300)
[IQR] (range)®
Number of prior organ transplants
0 transplant 10 (62.5)
1 transplant 5(31.2)
2+ transplants 1(6.3)
Study site
Northwestern University 10 (62.5)
Lehigh University 6(37.5)

Abbreviations: SD, standard deviation; IQR, interquartile range.

2“Other” race included the response “unsure” n = 1.

b“Other” reported causes of ESKD included COVID (n = 1), medication (n =1),
congenital kidney hypoplasia (n = 1), urinary reflux (n = 1), and kidney stone
disease (n =1).

¢One Lehigh participant was not asked the question; median [IQR] (range) are
based on n =15 (total) and n = 5 (Lehigh).

322 |
Trials

Risks, Benefits, and Impact of Xenotransplant

Participants desired information about the trial’s overall risks and
benefits of participation. Specifically, they sought information
about the trial’s risks of graft rejection and graft longevity. This
included any “unforeseen” “short-term and long-term repercus-
sions” or “complications.” Participants wished to be informed
about the expected “life span” of the pig kidney, including the
likelihood of experiencing kidney rejection or failure due to other

causes, as well as how the transplant might impact their life
expectancy. As one participant stated:

“Well hell, does it work and how long will this last? ’'m
not trying to do this again. I don’t want to be sick again.”
(NU#3012)

Moreover, participants desired learning how participating in a
trial would affect their “quality of life,” when compared to their
quality of life on dialysis. These participants desired assurances
that their quality of life would improve as a result of trial
participation. These issues were conveyed by one participant:

“Did someone live an extended life? Did they not
have additional health issues or problems that were
related? How were the drugs? How many drugs do
they have to take? What’s the post-op treatment like? I
mean, I would have to know all those types of details
before I would even consider, strongly consider it.”
(NU#3013)

3.23 | Xenotransplant Clinical Trial and Recipient/
Participant Experience

Participants reported wanting to be informed of “anything and
everything” relating to the trials, including “the full breadth of
anything that might go wrong.” Specifically, participants desired
knowing the number of trials completed, the number of pig
kidney transplants performed, and the functional outcomes to
date. As one participant questioned:

“What generation of trial this is? You know, how far
along in the trials we are? How many ... pig transplants
have been done prior, and how far along are they?”
(LU#3008)

Participants also desired information about the experiences
of previous pig kidney trial participants, including the side
effects and complications of the transplant procedure and post-
transplant medications. Further, participants desired “success
stories” that previously enrolled pig transplant recipients would
have potentially experienced. After participating in a pig kidney
trial, participants would want to remain apprised of the results
of the trial, to know how their “role” in the trial had “made a
difference” or a “contribution” to the field of xenotransplantation.

3.2.4 | Clinical Trial Logistics

Participants recognized the importance of post-transplant mon-
itoring obligations for kidney function and “complications.”
Participants specifically wanted to know logistical information
regarding the “where,” “schedule,” “frequency” of the “testing
and appointments,” and “how long” they would need to receive
monitoring. Some also desired details of the medications they
would need to take, as well as other expectations, including
exercise, and what diet and drinks they could consume. A few
participants inquired into “a backup plan” or “alternatives” if

2
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TABLE 3 | Representative illustrative quotations about information needs for informed consent for first-in-human pig kidney xenotransplant
clinical trials by theme.

Potential for infection contraction and transmission

“Well, all the harm. How long will the virus last in my body, all that information. How I can transmit it to somebody else, all that.
I would need that information.” (LU#3002)

“I think I'd be concerned about general harm in case of infection that I'm not even sure that’s possible. There’s a potential
infection that pig normally get in the body. The human body isn’t used to. You know, I'm not sure if my body will be able to
defend against that.” (LU#3005)

“Need to know that it was definitely a viable option; clear understanding of the risks of getting a pig kidney and clear
understanding of possibility of getting a disease or transmitting a disease.” (NU#3026)

Risks, benefits, and impact of xenotransplant trials

“What would I need to know is that what are the risk factors regarding the viruses, the kidney shutting down, how long do they
think it’s going to last, how many types of antirejection medicine am I going to take for how long, what complications, side
effects?” (NU#3020)

“I would want to know what the expected longevity of that kidney is for a healthy patient. How long do they expect the kidney to
last?” (LU#3001)

“What are my benefits? How is it going to affect my quality of life? How is it going to affect my immediate family’s quality of life?”
(LU#3006)

“The thing I'm really concerned about is, is the kidney going to work. You know, that’s all I'm concerned about, is it going to
work. So am I going to have complications, or more liable to infection, or if the medication is going to work with the animal
kidney.” (NU#3007)

Xenotransplant clinical trial and recipient/participant experience

“How many people before me tried this and what was their rate and life expectancy?” (NU#3027)

“Did someone live extended life? Did they not have additional health issues or problems that were related? How were the drugs?
How many drugs do they have to take? What’s the post-op treatment like? I mean, I would have to know all those types of details
before I would even consider, strongly consider it.” (NU#3013)

Clinical trial logistics

“I think mostly I would want to know, like the schedule of when and where I need to be to get various testing done and what that
testing looks like. So yeah, the frequency that I would need to go to some place for bloodwork or any other testing that might be
done.” (LU#3001)

“How long when I have to be monitored? How long is the kidney set to last? I think that’s-yeah, that’s all I can think of right
now....How long I would have to be monitored after getting the pig transplant.” (NU#3021)

“Well, he said that I would have to be monitoring and check up and stuff. Is the trial paid for it or is our insurance? Who pays for
this?” (LU#3007)

“I guess the amount of testing and appointments I'd have to go to and how my information is shared, if my specific name is
published anywhere.” (NU#3005)

“If a disease or rejection was to occur, do we have a backup plan or some type of medicine to cover that?” (NU#3021)

The pig and its kidney

“Was the pig in good health? Was the pig free of diseases? Was it screened well? I would just like to know was the pig-had good
screening.” (NU#3027)

“I'd just want to make sure it’s healthy enough to do the transplant. And like I say —the health of the pig actually. Yeah. Was it
dying? Did it get killed? ... How it was raised.” (LU#3003)

“T'd like to know what type of diet this pig had, basically, that would tell how much fat was in it.” (NU#3019)
“What kind of environment did it grow up in? ... What kind of farm did the pig grow up on?” (NU#3021)
“[W]as it a live pig or was it a modified genetic made in a laboratory and what are the difference between them both?” (NU#3020)
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the xenotransplant failed and they needed to return to dialysis.
Specifically, participants questioned whether they would go to
the top or bottom of the allotransplant waitlist, or if they
would remain eligible for an allotransplant if the pig kidney
failed.

3.2.5 | The Pigand Its Kidney

3.2.5.1 | Health History and Status of the Pig and Its
Kidney. Overall, participants wanted assurance that the pig was
“a good healthy pig” and its kidney was “functioning,” “healthy,”
and “top notch.” One participant stated:

“How healthy is it. When a human goes to test to see if
they could donate, they run all kinds of tests, yeah? But
that’s from head to toe of blood work, but for the pig,
I'd like to know how healthy the kidney was...how it
was filtering prior to its death. I would think that would
matter. I'm not a scientist, but I would think it would
matter.” (NU#3019)

All participants wanted information about the history and health
status of the pig and its kidney prior to participating in a trial.
Participants wanted to know what “health concerns” or “life-
threatening diseases” the pig may have had, especially ones
that could have impacted its kidney. A few participants wanted
to know if the pig had been “genetically altered,” and if so,
information related to the genetic modifications. Some desired
assurances that the pig and its kidney had been “screened well” to
ensure they were free of viruses and diseases, including diabetes
and high blood pressure.

3.2.5.2 | How the Pig Lived and Died. Participants desired
details of how the pig lived and died. They wanted to know
about the “environment” in which the pig was raised, including
ensuring “there was no abuse” and that the pig was not “raised
angry.” Additionally, they were interested in the pig’s diet,
including if it had been “grass-fed” and “how much fat” it had
been fed, the pig’s age and weight, and whether it had been
“active.” A few participants also wanted to know non-clinical,
personal information about the pig, such as its name and what
it looked like.

Participants wanted to know “the cause of death,” whether it
was “euthanized” or died of other causes, and “how long it was
dead for” prior to its kidney being procured. Participants were
motivated to seek such information to be informed of factors that
might impact the health of the pig kidney.

3.3 | Informed Consent Form Prototype Feedback
Overall, participants’ first impressions of the informed consent
prototype were mixed. Some expressed positive thoughts, describ-
ing the prototype as “very thorough,” “easy to read,” and covering
“every question that came to the top of [their] head.” Participants
also appreciated the “honesty” of the content, noting that the
prototype did not “sugar coat” information. As one participant
stated:

“It isn’t a pie-in-the-sky document... it’s also telling
you about the worst-case scenario. I think it’s a good
description of all the different pieces of what can go

wrong.” (LU#4101)

By contrast, some participants responded negatively, stating that
the prototype was “kind of long,” needed “better detail,” and
had sections that “could be better explained in a more positive
way.” A few participants voiced their hesitancy to participate in
a pig kidney xenotransplant trial based on the information in the
prototype. Participants commented:

“[My] general impression was that the way it’s written
here, I probably would not ever volunteer to do the
study. I think that there are a lot of negatives and not
enough positives...” (LU#4103)

Participants recommended text clarifications and additions to the
prototype. For example, adding more details about the pig and
pig kidney, including the pig’s age and life expectancy and a
“comparison of patients transplanted with human kidneys and
pig kidneys” as it relates to risk for infection. Participants wanted
details about insurance coverage, what would be financially
covered by the study, and coverage of non-FDA-approved med-
ication. Participants suggested adding details to the monitoring
section, including the length of time that patients will be moni-
tored and “what close contacts and relatives [will be] monitored
for.” Additionally, participants suggested the prototype include
information about “the experience of the surgeon and the surgical
team,” to address the question: “Has [the surgeon] done this
before or not?”

When asked “How would looking at this consent form make
you feel?” most related that they would feel a “bit uneasy,”
“a little unsettled,” and that the consent form “would scare
me.” Although the consent form made participants uneasy, some
clarified that feeling that way seemed appropriate because “you
should really think about this before you sign up for it.” One
participant further explained that the information “...opened my
eyes a bit more. I didn’t realize how it could affect so many aspects
of my life as opposed to a regular transplant.”

When asked “Has this informed consent template raised new
questions that you had not thought of before looking at it?” some
related that all their questions had been answered, while others
stated that they wanted more information about the research,
data on pig kidney transplants, and the transmission of porcine
infectious diseases. One participant explained that “There’s a lot
of things that prompted me to have more questions. For a basic
consent I think it’s good, but for me I need to have more like
science information. But I think it’s good, it’s uncomfortable but
it makes me hopeful.”

Overall, usability testing participants’ preparedness to decide to
participate in a pig kidney xenotransplant trial increased in the
proportion reporting being “very” or “completely” prepared after
having reviewed the informed consent form prototype (prior to
review: 12.5%; after review: 31.3%; n.s., p < 0.18) (Table 4).
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TABLE 4 | Usability testing participants’ preparedness to make a decision about participating in a pig kidney transplant clinical trial (N = 16).

Not at all A little Somewhat Very Entirely
n (%) n (%) n (%) n (%) n (%)
Before reviewing this consent form
How prepared do you feel to make a decision about 4(25) 2(13) 8 (50) 1(6) 1(6)
participating in a pig kidney transplant clinical trial?
After reviewing this consent form
How prepared do you feel to make a decision about 3(19) 1(6) 7 (44) 4(25) 1(6)

participating in a pig kidney transplant clinical trial?

4 | Discussion

Our mixed-methods study of information kidney transplant can-
didates need to provide informed consent for hypothetical first-
in-human pig kidney xenotransplant clinical trials revealed five
domains of information. Kidney transplant candidates desired
extensive information about the trial itself, the trial logistics, the
impact of the trial on patient health and quality of life, the pig,
and the pig’s kidney.

We found that patients desired information about the status of the
clinical trial as well as the trial logistics. Specifically, trial status
characteristics included the number of participants to date and
their outcomes. Trial logistics included the duration of the trial,
and the exit plan should the pig kidney not work. Other research
on kidney, liver, heart, and lung transplant candidates’ informa-
tion needs for other innovative clinical research corroborates our
findings [35].

Our findings about patients’ interest in the donor pig’s life,
death, and health status at the time of organ procurement are
novel and may complement two previous recommendations for
a xenotransplant trial informed consent form [23, 36, 37]. Neither
of those recommendations for consent form information includes
conveying the type of information about the pig and pig kidney
that our interview participants expressed knowing about. Taking
patients’ concerns seriously about the pig is consistent with
calls for addressing the “moral status of nonhuman animals and
humankind’s legal and moral responsibility towards them” [38].
Kidney patients’ desire to know about the donor pig is similar
to some allotransplant recipients’ interest in knowing about the
donor of the organ they received [39].

We developed an informed consent prototype that should guide
the informed consent educational process for prospective xeno-
transplant trial participants. Our usability testing interviews
found that while the prototype was clear, further details were
requested. In the absence of trial specifics, placeholders for those
details were added to the prototype. The prototype feedback
revealed novel insights into patients’ trial concerns. Specifically,
some felt “uneasy” or afraid after reviewing the prototype but
realized how feeling that way was important for recognizing the
broad impact that participation in such a trial could have on their
lives.

The informed consent process for first-in-human xenotransplant
clinical trials should address patients’ information needs to

facilitate informed decision-making. By providing a patient-
centered perspective about information to disclose to prospective
xenotransplant trial participants, our findings may guide the
development of information guidelines that extend beyond the
standard elements of human research informed consent to be dis-
closed as part of the informed consent process for xenotransplant
clinical trials. Moreover, regulatory guidance would be especially
valuable to prepare IRBs to review informed consent forms for
xenotransplant trials [23].

A systematic review and meta-analysis of participants’ under-
standing of informed consent in clinical trials found that half of
the participants understood risks and side effects of trials (51.4%)
[40]. Subgroup analysis showed that phase I trial participants
had a lower understanding of options after withdrawal, under-
standing of voluntary participation, and ability to name at least
one risk than phase II/III participants; critically ill participants
had a lower understanding of study purpose, risks, and benefits
compared to non-critically ill participants [40]. Upon initiating
first-in-human xenotransplant trials, evaluating comprehension
of all informed consent components will be critical to determine
whether the disclosure process may need revision to enhance
patients’ and families’ decision-making process. Future research
should assess patients’ actual decision-making, information
needs, and comprehension upon trial initiation.

In the pig kidney xenotransplant clinical trial context, sufficient
time will be needed in the consent process to disclose extensive
information, support question asking and discussion, ascertain
whether the patient has adequately comprehended disclosed
information, and assess the patient’s voluntariness about trial
participation. A multidisciplinary team approach will be valuable
for relating the aforementioned desired types of information to
facilitate understanding without information overload. A psychi-
atric consult will be vital for evaluating patient’s comprehension
and voluntariness. Ensuring that patients have enough time to
reflect on the prospect of trial participation in light of their
values and life goals may be accommodated through a 1-2
week cooling off period, commonly used among living donors.
However, time may be limited amongst patients whose dialysis
access has run out. In such circumstances, the time frame may
need to be expedited while also protecting patients’ voluntariness.
An independent patient advocate may help protect the patient’s
voluntary decision making.

Strengths of our study include the multi-site design, increasing
the representativeness and transferability of study findings. Using
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a mixed-methods approach generated greater insights than use of
a single method. Consultation with our Advisory Committee on
the semi-structured interview guide and informed consent pro-
totype enhanced the accuracy and presentation of our informed
consent form prototype thereby increasing the validity of our
findings. Our sample size of semi-structured interviews was
appropriate for deriving themes in qualitative research [30] and
for usability testing.

This study has limitations. Participants included waitlisted kid-
ney transplant candidates because, while eligibility for a pig
kidney xenotransplant trial remains a topic of debate, emerging
opinions during data collection suggested candidates would be
optimal trial participants [41-43]. Non-waitlisted patients could
have offered other viewpoints. Participants’ perceptions reflected
consideration of hypothetical xenotransplant trial participation,
rather than of an actual trial. While participants were waitlisted
for 2 years, on average, it is unlikely that their information
needs would differ from patients’ waitlisted longer. Waitlist
time made no difference in candidates’ information needs about
participating in other innovative transplant research [35]. The
news of two living humans who received a pig kidney at the
time of usability testing may have shaped participants’ desire for
information needs. However, this is unlikely as the two recipients
did not participate in a clinical trial that could have gener-
ated systematic information about outcomes that participants
desired.

5 | Conclusion

Our findings suggest that kidney patients would require exten-
sive information to provide informed consent for participating
in a first-in-human pig kidney xenotransplant trial. Trans-
plant programs preparing to conduct trials should address
these information needs to optimize the informed consent
process.

Acknowledgments

The authors would like to thank the Ethics and Policy Advisory Com-
mittee members for their feedback on the development of the interview
guides and Informed Consent Prototype. Advisory Committee members
included: L. Ebony Boulware, MD; Matthew Cooper, MD; Sandy Feng,
MD, PhD; Richard Formica, MD; Jon R. Friedman, MD; Elisa Hurley,
PhD; Sheila G. Jowsey-Gregoire, MD; Nancy M. P. King, JD; Richard
Knight, MBA; Macey Levan, JD, PhD; Marian G. Michaels, MD, MPH;
Robert Montgomery, MD, DPhil, FACS; Jeffrey P. Orlowski, MS; Richard
N. Pierson III, MD; Jesse D. Schold, PhD, MStat, MEd; Jeremy Sugarman,
MD, MPH, MA; and Megan Sykes, MD. We also thank Karen Traboulsi,
Kofi Adutwum, Dania Jahangir, and Daniel Boachie for their research
assistance.

This study used Research Electronic Data Capture (REDCap), a secure
online data capture application supported at the Feinberg School of
Medicine by the Northwestern University Clinical and Translational
Sciences (NUCATS) Institute. NUCATS is supported in part by a Clinical
and Translational Science Award grant (ULITR001422) from the National
Institutes of Health. This work was also supported in part by the
Northwestern Medicine Enterprise Data Warehouse. The funders had
no role in study design; collection, analysis, and interpretation of data;
writing the manuscript; and the decision to submit the manuscript
for publication. This study was supported by an award (ROITR003844)

from the National Center for Advancing Translational Sciences to Karen
Maschke, Michael Gusmano, and Elisa Gordon.

Conflicts of Interest

The authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a
potential conflict of interest.

References

1. R. A. Montgomery, A. D. Griesemer, D. L. Segev, and P. Sommer, “The
Decedent Model: A New Paradigm for De-Risking High Stakes Clinical
Trials Like Xenotransplantation,” American Journal of Transplantation
24, no. 4 (2024): 526-532, https://doi.org/10.1016/].ajt.2024.01.035.

2. B. Lovelace Jr and P. Martin, “In a First, Surgeons Successfully
Transplant a Pig Kidney Into a Man,” NBC News, March 21, 2024,
https://www.nbcnews.com/health/health-news/first-pig-kidney-
transplant-human-rcnal44273.

3. M. Molteni and E. Boodman, “Gene-Edited Pig Kidney Transplanted
Into a Living Patient for the First Time,” STAT, March 21, 2024,
https://www.statnews.com/2024/03/21/first-xenotransplantation-crispr-
gene-edited-pig-kidney-egenesis/.

4. S. Mallapaty and M. Kozlov, “First Pig Kidney Transplant in a Person:
What It Means for the Future,” Nature 628, no. 8006 (2024): 13-14, https://
www.nature.com/articles/d41586-024-00879-y.

5. D. Eisenson, Y. Hisadome, M. Santillan, et al., “Consistent Survival in
Consecutive Cases of Life-Supporting Porcine Kidney Xenotransplanta-
tion Using 10GE Source Pigs,” Nature Communications 15, no. 1 (2024):
3361, https://doi.org/10.1038/s41467-024-47679-6.

6. R. N. Pierson, 3rd, “Progress Toward Pig-to-Human Xenotransplan-
tation,” New England Journal of Medicine 386, no. 20 (2022): 1871-1873,
https://doi.org/10.1056/NEJMp2118019.

7. R. C. Rabin, “Pig Kidneys Performing Effectively in Two Brain-Dead
Patients,” New York Times, August 16, 2023, https://www.nytimes.com/
2023/08/16/health/pig-kidney-organ-transplants.html.

8. Makana™ Therapeutics, “Makana™ Announces Major Breakthrough
to Address Rejection in Pig-To-Human Transplantation,” September 4,
2024, https://makanatherapeutics.com/news/.

9. L. A. Padilla, D. J. Hurst, A. Zink, B. Parent, and L. L. Kimberly,
“Public Attitudes to Xenotransplantation: A National Survey in the
United States,” American Journal of Transplantation 24 (2024): 2066—-
2079, https://doi.org/10.1016/j.ajt.2024.07.018.

10. D. Rodger and J. A. Smith, “Exploring Attitudes Toward Xeno-
transplantation: A Scoping Review of Healthcare Workers, Healthcare
Students, and Kidney Patients,” Xenotransplantation 31, no. 3 (2024):
€12860, https://doi.org/10.1111/xen.12860.

11. K. J. Fowler, V. A. Evans, V. Kumar, and J. Ross, “Xenotransplantation
and the Role of the Patient Voice,” Kidney360 5, no. 1 (2024): 110-112,
https://doi.org/10.34067/kid.0000000000000310.

12. M. Agrawal and E. J. Emanuel, “Ethics of Phase 1 Oncology Studies:
Reexamining the Arguments and Data,” Journal of the American Medical
Association 290, no. 8 (2003): 1075-1082, https://doi.org/10.1001/jama.290.
8.1075.

13. T. M. Pawlik, T. A. Schwartz, and K. M. F. Itani, “Practical Guide to
Ethical Considerations in Clinical Trials in Surgery,” JAMA Surgery 158,
no. 2 (2023): 204-205, https://doi.org/10.1001/jamasurg.2022.4895.

14. W.J. Hawthorne, “Ethical and Legislative Advances in Xenotransplan-
tation for Clinical Translation: Focusing on Cardiac, Kidney and Islet
Cell Xenotransplantation,” Frontiers in Immunology 15 (2024): 1355609,
https://doi.org/10.3389/fimmu.2024.1355609.

15.J. A. Fishman and N. J. Mueller, “Infectious Diseases and Clinical
Xenotransplantation,” Emerging Infectious Diseases 30, no. 7 (2024):
1311-1318, https://doi.org/10.3201/eid3007.240273.

10of11

Xenotransplantation, 2025


https://doi.org/10.1016/j.ajt.2024.01.035
https://www.nbcnews.com/health/health-news/first-pig-kidney-transplant-human-rcna144273
https://www.statnews.com/2024/03/21/first-xenotransplantation-crispr-gene-edited-pig-kidney-egenesis/
https://www.nature.com/articles/d41586-024-00879-y
https://doi.org/10.1038/s41467-024-47679-6
https://doi.org/10.1056/NEJMp2118019
https://www.nytimes.com/2023/08/16/health/pig-kidney-organ-transplants.html
https://makanatherapeutics.com/news/
https://doi.org/10.1016/j.ajt.2024.07.018
https://doi.org/10.1111/xen.12860
https://doi.org/10.34067/kid.0000000000000310
https://doi.org/10.1001/jama.290.8.1075
https://doi.org/10.1001/jamasurg.2022.4895
https://doi.org/10.3389/fimmu.2024.1355609
https://doi.org/10.3201/eid3007.240273

16. S. A. Mehta, K. K. Saharia, A. Nellore, E. A. Blumberg, and J. A.
Fishman, “Infection and Clinical Xenotransplantation: Guidance From
the Infectious Disease Community of Practice of the American Society of
Transplantation,” American Journal of Transplantation 23, no. 3 (2023):
309-315, https://doi.org/10.1016/.ajt.2022.12.013.

17.J. A. Fishman, “Infectious Disease Risks in Xenotransplantation,”
American Journal of Transplantation 18, no. 8 (2018): 1857-1864, https://
doi.org/10.1111/ajt.14725.

18. B. Chase, “World’s First Genetically-Edited Pig Kidney Transplant Into
Living Recipient Performed at Massachusetts General Hospital,” March
21, 2024, https://www.massgeneral.org/news/press-release/worlds-first-
genetically-edited-pig-kidney-transplant-into-living-recipient.

19. NYU Langone Health, “First-Ever Combined Heart Pump &
Gene-Edited Pig Kidney Transplant Gives New Hope to Patient With
Terminal Illness,” April 24, 2024, https://nyulangone.org/news/first-
ever-combined-heart-pump- gene-edited-pig-kidney-transplant- gives-
new-hope-patient-terminal-illness.

20. Gene-Edited Pig Kidney Gives Living Donor New Lease on Life.
December 17, 2024. Accessed January 10, 2025 https://nyulangone.org/
news/gene-edited- pig-kidney-gives-living-donor-new- lease-life.

21. D. Bracken-Roche, E. Bell, L. Karpowicz, and E. Racine, “Disclosure,
Consent, and the Exercise of Patient Autonomy in Surgical Innovation: A
Systematic Content Analysis of the Conceptual Literature,” Accountabil-
ity in Research 21, no. 6 (2014): 331-352, https://doi.org/10.1080/08989621.
2013.866045.

22.P. P. Reese and B. Parent, “Promoting Safety, Transparency, and
Quality in Xenotransplantation,” Annals of Internal Medicine 175, no. 7
(2022): 1032-1034, https://doi.org/10.7326/m22-0539.

23. L. A. Padilla, D. Hurst, K. Maxwell, et al., “Informed Consent for
Potential Recipients of Pig Kidney Xenotransplantation in the United
States,” Transplantation 106, no. 9 (2022): 1754-1762, https://doi.org/10.
1097/tp.0000000000004144.

24.D. K. C. Cooper, “Patient Informed Consent for a Clinical Trial
of Gene-Edited Pig Kidney Transplantation: A Representative Consent
Form,” Xenotransplantation 30, no. 1 (2023): e12790, https://doi.org/10.
1111/xen.12790.

25. The National Academies of Sciences, Engineering, and Medicine, The
Emerging Field of Human Neural Organoids, Transplants, and Chimeras:
Science, Ethics, and Governance (National Academies Press, 2021), https://
doi.org/10.17226/26078.

26. J. W. Creswell and V. L. Plano Clark, Designing and Conducting Mixed
Methods Research (Sage Publications, 2007).

27.B. C. O’Brien, I. B. Harris, T. J. Beckman, D. A. Reed, and D.
A. Cook, “Standards for Reporting Qualitative Research: A Synthesis
of Recommendations,” Academic Medicine 89, no. 9 (2014): 1245-1251,
https://doi.org/10.1097/acm.0000000000000388.

28. N. S. Morris, C. D. MacLean, L. D. Chew, and B. Littenberg, “The
Single Item Literacy Screener: Evaluation of a Brief Instrument to Identify
Limited Reading Ability,” BMC Family Practice 7, no. 21 (2006), https://
doi.org/10.1186/1471-2296-7-21.

29. R. Singleton and B. Straits, Approaches to Social Research, 4th ed.
(Oxford University Press, 2005).

30. G. Guest, K. MacQueen, and E. Namey, Applied Thematic Analysis
(Sage Publications, 2012).

31. Y. Lincoln and E. Guba, Naturalistic Inquiry (Sage Publications, 1985).

32. E. Bradley, L. Curry, and K. Devers, “Qualitative Data Analysis for
Health Services Research: Developing Taxonomy, Themes, and Theory,”
Health services research 42, no. 4 (2007): 1758-1772.

33. G. Guest, A. Bunce, and L. Johnson, “How Many Interviews are
Enough? An Experiment With Data Saturation and Variability,” Field
Methods 18, (2006): 59-82.

34.R. E. Keith, J. C. Crosson, A. S. O’Malley, D. Cromp, and E.
F. Taylor, “Using the Consolidated Framework for Implementation
Research (CFIR) to Produce Actionable Findings: A Rapid-Cycle Evalu-
ation Approach to Improving Implementation,” Implementation Science
12, no. 1 (2017): 15, https://doi.org/10.1186/s13012-017-0550-7.

35. E. J. Gordon, E. Knopf, C. Phillips, et al., “Transplant Candidates’
Perceptions of Informed Consent for Accepting Deceased Donor Organs
Subjected to Intervention Research and for Participating in Posttransplant
Research,” American Journal of Transplantation 20, no. 2 (2020): 474-492,
https://doi.org/10.1111/ajt.15607.

36. U.S. Department of Health and Human Services, Secretary’s Advi-
sory Committee on Xenotransplantation. Informed Consent in Clinical
Research Involving Xenotransplantation (Draft), June, 2004, https://
www.tts.org/images/stories/pdfs/SACX-informed-consent.pdf.

37. D. K. C. Cooper and H. Hara, ““You Cannot Stay in the Laboratory
Forever”*: Taking Pig Kidney Xenotransplantation From the Laboratory
to the Clinic,” EBioMedicine 71 (2021): 103562, https://doi.org/10.1016/j.
ebiom.2021.103562.

38. D. Rodger, D. J. Hurst, and D. K. Cooper, “Xenotransplantation: A
Historical-Ethical Account of Viewpoints,” Xenotransplantation 30, no.
2 (2023): 12797, https://doi.org/10.1111/xen.12797.

39.S. G. Dicks, H. Northam, F. M. van Haren, and D. P. Boer, “An
Exploration of the Relationship Between Families of Deceased Organ
Donors and Transplant Recipients: A Systematic Review and Qualitative
Synthesis,” Health Psychology Open 5, no. 1 (2018): 2055102918782172,
https://doi.org/10.1177/2055102918782172.

40. C. Wu, N. Wang, Q. Wang, et al., “Participants’ Understanding of
Informed Consent in Clinical Trials: A Systematic Review and Updated
Meta-Analysis,” PLoS ONE 19, no. 1 (2024): e0295784, https://doi.org/10.
1371/journal.pone.0295784.

41. R. N. Pierson 3rd, J. S. Allan, D. K. C. Cooper, et al., “Expert Opinion
Special Feature: Patient Selection for Initial Clinical Trials of Pig Organ
Transplantation,” Transplantation 106, no. 9 (2022): 1720-1723, https://
doi.org/10.1097/tp.0000000000004197.

42. P. P. Reese, B. E. Gelb, and B. Parent, “Unique Problems for the
Design of the First Trials of Transplanting Porcine Kidneys Into Humans,”
Kidney International 103, no. 2 (2023): 239-242, https://doi.org/10.1016/j.
kint.2022.10.009.

43. H. Silverman and P. N. Odonkor, “Reevaluating the Ethical Issues in
Porcine-to-Human Heart Xenotransplantation,” Hastings Center Report
52, no. 5(2022): 32-42, https://doi.org/10.1002/hast.1419.

Supporting Information

Additional supporting information can be found online in the Supporting
Information section.

1 of11


https://doi.org/10.1016/j.ajt.2022.12.013
https://doi.org/10.1111/ajt.14725
https://www.massgeneral.org/news/press-release/worlds-first-genetically-edited-pig-kidney-transplant-into-living-recipient
https://nyulangone.org/news/first-ever-combined-heart-pump-gene-edited-pig-kidney-transplant-gives-new-hope-patient-terminal-illness
https://nyulangone.org/news/gene-edited-pig-kidney-gives-living-donor-new-lease-life
https://doi.org/10.1080/08989621.2013.866045
https://doi.org/10.7326/m22-0539
https://doi.org/10.1097/tp.0000000000004144
https://doi.org/10.1111/xen.12790
https://doi.org/10.17226/26078
https://doi.org/10.1097/acm.0000000000000388
https://doi.org/10.1186/1471-2296-7-21
https://doi.org/10.1186/s13012-017-0550-7
https://doi.org/10.1111/ajt.15607
https://www.tts.org/images/stories/pdfs/SACX-informed-consent.pdf
https://doi.org/10.1016/j.ebiom.2021.103562
https://doi.org/10.1111/xen.12797
https://doi.org/10.1177/2055102918782172
https://doi.org/10.1371/journal.pone.0295784
https://doi.org/10.1097/tp.0000000000004197
https://doi.org/10.1016/j.kint.2022.10.009
https://doi.org/10.1002/hast.1419

	Patients’ Information Needs for Informed Consent to Participate in First-in-Human Pig Kidney Xenotransplant Clinical Trials: A Mixed Methods Study
	1 | Introduction
	2 | Materials and Methods
	2.1 | Study Design
	2.2 | Participants and Recruitment
	2.3 | Data Collection
	2.3.1 | Semi-Structured Interviews
	2.3.2 | Informed Consent Prototype Development
	2.3.3 | Usability Testing Interviews

	2.4 | Data Analysis
	2.4.1 | Qualitative Analysis
	2.4.2 | Quantitative Analysis


	3 | Results
	3.1 | Participant Characteristics
	3.2 | Information Needs About Pig Kidney Trials
	3.2.1 | Potential for Infection Contraction and Transmission
	3.2.2 | Risks, Benefits, and Impact of Xenotransplant Trials
	3.2.3 | Xenotransplant Clinical Trial and Recipient/Participant Experience
	3.2.4 | Clinical Trial Logistics
	3.2.5 | The Pig and Its Kidney

	3.3 | Informed Consent Form Prototype Feedback

	4 | Discussion
	5 | Conclusion
	Acknowledgments
	Conflicts of Interest
	References
	Supporting Information


