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most common. Over a third of consults included discussions about unproven interventions. About a third
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the responsible translation of regenerative medicine.
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Patients, clinicians, scientists and the public are enthusiastic about the potential of regenerative therapies [1–3] to
address unmet medical needs of patients [4,5]. As with many emerging biotechnologies, the immediate therapeutic
potential of regenerative medicine has been exaggerated and there is considerable misinformation on the internet and
elsewhere concerning the clinical readiness of regenerative medicine products [6,7]. ‘Stem cell hype’ has contributed
to inflating public expectations and skewing public understanding of the state of development of stem cell therapies
and other regenerative medicine products [8]. With patients increasingly seeking health information online [9–

11], the internet is playing an important role in distributing and amplifying inaccurate scientific and therapeutic
claims. False, misleading and incomplete health information is not exclusive to regenerative medicine; an estimated
11% of 2805 health-related websites contain medical misinformation [12,13]. Exposure to medical misinformation
can influence patients’ decisions to undergo costly unproven interventions that may carry undisclosed risks. In
particular, stem cell interventions have garnered considerable public interest even though only a handful of evidence-
based stem cell therapies having received US Food and Drug Administration (FDA) premarketing or marketing
authorization [14]. Many among the public believe there already exist safe and effective stem cell treatments capable
of healing a wide variety of medical conditions. Marketing representations emphasizing the purported safety and
efficacy of such products have resulted in increased demand and the creation of a direct-to-consumer market
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Table 1. Summary of the features and risks of unproven stem cell and regenerative medicine intervention industry.
Risks to patients and society Ref.

Aggressive marketing by clinics directly to consumers using company websites and blogs, social media accounts and patient
seminars.

[22–31]

Advertisements about unproven stem cell and regenerative medicine interventions marketed as low risk, high benefits, safe and
effective, cutting-edge, innovative and natural.

[22,23,25–30,32,33]

Some commercial products do not contain stem cells but are marketed under the broader label of ‘stem cell therapy.’

Marketing strategies include the use of patient and celebrity testimonials, clinical trial registration, technical language, obtaining
accreditation, collaborating with scientific establishments, incorrect referencing of scientific information, and claiming commercial
activities are supported by published preclinical and clinical studies to showcase scientific legitimacy.

[6,22,23,26–30,34–37]

Clinics may also actively promote distrust of regulators and conventional medical establishments. [31,34,35,38–40]

Unqualified physicians and clinicians providing stem cell and regenerative interventions to patients. [41,42]

Physical, emotional and economic harms including blindness, tumors, lesions, death, emotional distress and financial loss. [43,44]

Concerns about informed consent and patient confusion. [45,46]

Confusion in the general public about the state of stem cell science (hype).

Possible decreased trust in legitimate scientific translation of regenerative medicine products and services. [14]

where clinics around the world advertise unproven regenerative and stem cell interventions that lack regulatory
approval [15–18] and often are promoted with little or no supporting evidence. The US direct-to-consumer market for
unlicensed cell-based products is perhaps the largest with estimates of approximately one thousand clinics offering
unproven regenerative interventions [19–21]. Much has been written about the features and concerns surrounding
the marketplace, summarized in Table 1.

Patients confronted with conflicting information about unproven regenerative options may not know what
claims are credible or which sources are trustworthy. Difficulty distinguishing between sources of information
from misinformation can impact patients’ capacity to make informed decisions about their healthcare needs.
Developing constructive and trustworthy resources to engage patients seeking regenerative interventions is critical
to ensuring that individuals can make informed decisions about their healthcare, especially in the context of medical
misinformation. Informing patients about evidence-based regenerative interventions also serves as one of the pillars
to responsible clinical translation [47].

Many scientific and medical institutions put significant effort into informing patients about potential harms
associated with unproven stem cell and regenerative interventions. The International Society for Stem Cell Research,
International Society for Cellular and Gene Therapy, the FDA , Stem Cells Australia, the Mayo Clinic and other
organizations have all supported patient education and public engagement in this space [45,48–55]. Despite such
noteworthy efforts, it is unclear whether such messaging reaches patients and whether patients consider these
sources reputable and trustworthy [56,57].

Determining how best to meet patients’ informational needs, especially given fast-moving developments in
regenerative medicine, is a significant challenge. Although proposed countermeasures target individual patients
and the public [58–60], communication strategies that maintain or enhance trust are likely to be most effective at
dispelling misinformation [61]. A stem cell counseling service was proposed to help patients make well-informed
decisions about their medical care [62]. Similar approaches are being used to promote vaccination [63]. Taking into
consideration the speed with which static resources can become outdated, a dynamic and evolving information
exchange system may be more likely to remain up-to-date with scientific advances in regenerative medicine and
permits dialogue with patients. Toward this end, Mayo Clinic developed the first Regenerative Medicine Consult
Service (RMCS) in the USA in 2011. This service arose organically in response to patient requests for information
about possible regenerative therapies [3,47]. The goal of the RMCS is to inform patients about evidence-based
regenerative interventions and navigate patients to appropriate clinical and research interventions. Other similar
services have been or are being developed. Funded by the California Institute of Regenerative Medicine, many of
the Alpha Clinics in California including at the University of California San Diego, University of California San
Francisco, and the City of Hope have developed similar patient consultation services [64]. At Stem Cells Australia
and EuroStemCell, many patients initiate contact to find out more about stem cell interventions related to their
conditions and experts within the organization strive to correct misperceptions and offer fact-based information [65].

While the concept of counselling patients in regenerative and stem cell medicine is being implemented at several
institutions, no study has yet to characterize the nature of such a consult service at an academic medical center and
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assess the extent to which patients find such a resource helpful. In this study, we analyzed the nature of the Mayo
Clinic RMCS at two campuses: Rochester, Minnesota and Jacksonville, Florida. We performed a retrospective
chart analysis through our electronic health record database and characterized several features about patients and
the consult service. We also conducted a pilot analysis through interviews with patients who recently engaged the
consult service to explore their satisfaction with the service.

Materials & methods
This project uses multiple methods to capture information about patients calling into the RMCS at Mayo Clinic
including retrospective chart analysis and qualitative interviews.

Mayo Clinic RMCS
Mayo Clinic has three major US campuses. They are located in Rochester, Minnesota, Jacksonville, Florida and
Phoenix and Scottsdale, Arizona. The RMCS was created to address patient queries about the availability of
stem cell and regenerative interventions in response to clinical trials conducted at Mayo Clinic [66]. The RMCS
was first established in Rochester, Minnesota, where patients could call a toll-free number readily found on the
internet [67]. Utilizing the free consultation service begins with a conversation with a scheduling specialist who
records demographic and basic clinical information about the patient and triages the call to the appropriate
consultant or clinical group best suited to addressing the patient’s questions. Skilled patient navigators, registered
nurses, and physicians serve as consultants.

Calls related to the use of stem cells to treat cancers using bone or hematopoietic stem cell transplantation
were forwarded to Oncology and Hematology departments. In 2016, the Department of Orthopedics in Florida
established a consultation service as part of the Regenerative Therapeutics Program [47]. The Mayo Clinic campus
in Arizona does not have a consultation service. In 2017, calls related to certain orthopedics conditions were also
separated in Rochester, Minnesota and forwarded to Physical Medicine and Rehabilitation or Sports Medicine in
Minnesota. Calls for all other conditions were directed to members of the RMCS team in Minnesota. For our
analysis, we focused on analyzing database information and electronic health records (EHR) of the RMCS in both
Minnesota and Florida as these both had systematically recorded patient information related to the service.

Chart & database – data collection
Demographic and appointment information of patients was recorded in password-protected Microsoft Excel
databases behind a firewall at both Minnesota and Florida. For Minnesota, a written description of the consultation
discussion along with patient health information was recorded in the EHR platform ‘Epic’. In this study, we
examined the Excel databases of both Minnesota and Florida in addition to the EHR consultation notes only
available in Minnesota. A qualitative content analysis was performed for individual EHR notes where condition
information and the nature of the discussion was obtained.

Under Minnesota Statute 144.335, researchers are permitted to use health records generated on or after 1 Jan-
uary 1997 unless the patient objects to authorizing the use of their records for research [68,69]. We excluded patients
whose clinical records were not eligible for research due to this law. In addition, we excluded duplicate records,
those with inactive or unidentifiable Mayo Clinic patient numbers, and patients who did not have an associated
EHR clinical note in Minnesota or the clinical note did not correspond to the consultation service. We included
all patients in the RMCS Florida database. We analyzed consultations conducted between 2011 and 2017 from
Minnesota and 2016 and 2017 in Florida.

Chart & database – data analysis
Ordinal data on several variables were captured in Excel databases; some of it was also recorded in the EHRs of
patients calling into the RMCS. For ordinal data, we performed descriptive statistics on several variables including
whether patients or other parties contacted the RMCS, basis for calling the consult service, year of the consult,
referral source and patient’s recorded gender, age, state of residence, and condition. Referral source and patient’s
gender was not available for Florida patients. We also collected all clinical conditions for which patients called in
as captured in the databases and when possible, verified through the EHR for Minnesota patients.
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Codebook development for analyzing electronic health records

To qualitatively analyze EHR information written as free text, we developed a comprehensive codebook. We first
developed a codebook deductively by analyzing empirical studies of clinic web-based marketing practices [7,15–

17,21,23,25,27,29,70,71] and interviews with patients traveling to clinics to receive unproven stem cell interven-
tions [22,34,35,72,73]. This permitted us to consider information about patients including their general medical
areas and specific conditions of concern. We were also able to include the location of clinics, sources of information
about clinics and the reasons patients may consider undertaking (or have undertaken) an unproven regenerative
intervention. We then purposely selected 30 RMCS notes recorded in the ‘Epic’ EHR based on a diversity of years
(2012–2017) and four consultants with the highest number of consultations to inductively modify the codebook
and add additional codes. Several of the codes written in patient EHRs were used to corroborate data from Excel
databases (patients’ age, sex, year of consultation and state of residence). In cases where there was a discrepancy
between information contained within the Excel database versus the ‘Epic’ EHR, information in the EHR was
chosen since it represented the nature of the discussion and was written by the consultant who interacted directly
with the patient. Additional codes in the codebook included the following categories: patient medical history,
clinical problem, purpose of consultation, nature of the discussion and outcomes of the consultation (please see
final Codebook in Supplementary Material 1).

We performed intercoder analysis between two coders (CS and JDH) to determine independence of data based
on the Cohen’s kappa statistic [74]. A random 20% of entries was chosen and analyzed to find excellent intercoder
reliability (x = 96%, range 84–100% and average k = 0.82, range 0.23–1, respectively; Supplementary Table 1). In
two cases, poor intercoder scores were obtained due to an initial difference in interpreting the codes. After discussion
and consensus coding, additional clarification to the codebook was written to ensure a common understanding
between both coders. Subsequent coding used the revised definitions and the remaining consultation notes were
divided and coded by two coders (CS and JDH). We used descriptive statistics to represent the data.

Only nonorthopedic consultation notes from the Minnesota database were included for analysis. Specific notes
regarding orthopedic conditions were excluded from the analysis because in many cases those notes did not contain
any information related to the variables examined as part of the consultation or the education that may have been
offered. These notes reflected referrals to other physicians or the Florida service for more specific consultation
and we did not want to double up our counts. We analyzed all telephone consultations in Florida where several
demographic variables of interest were maintained in an Excel database. In-person Florida consults were maintained
in the EHR which was not analyzed because the information reflected a different population of patients undergoing
physical exam and testing and did not contain the variables of interest in the study.

Length of time of consultations
The length of the consultation conversation was not routinely recorded in either Minnesota or Florida record
systems. From November 2019 to January 2020, we had consultants record the time of patient conversations for
25 consultations in both Minnesota and Florida totaling 50 consultations.

Patient interviews & qualitative analysis
We conducted 25 pilot telephone interviews with individuals who had called into the RMCS Minnesota service
between August and November 2018. We purposively sampled for patients representing a range of clinical conditions
and attempted to balance for gender. Potential participants were contacted if the EHR indicated a conversation
with the consultant about unproven regenerative options. We contacted potential participants by phone no more
than three-times on separate days and left voicemail messages. To explain the study, we asked if individuals had
approximately 5 min to answer several questions about their experience with the Mayo Clinic RMCS. We then
outlined the study procedures and risks and benefits to participation. We did not elicit health information from
patients.

After obtaining oral informed consent, we asked three brief questions: did you find the consultation experience
helpful? Did the consultant provide you with knowledge about stem cell therapies? Did the consultant change your
opinion concerning the decision to undergo unapproved stem cell therapies? Interviews were recorded with an
encrypted recorder. Interviews averaged about 6 min. Detailed notes were taken on the content of each interview
and a simple descriptive analysis was performed. Given the length of the conversations and the type of information
we were aiming to collect about patients’ experiences, we did not undertake an in-depth qualitative analysis.
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Figure 1. Selection of electronic health records from Regenerative Medicine Consult Services.
*Exclusion criteria 1: Removal of patient records based on the Minnesota Statute (n = 1390), did not have a Mayo
Clinic number, or duplicates.
**Exclusion criteria 2: Removal of all orthopedic consultation notes and duplicate notes from the EHR.
EHR: Electronic health records.

Ethics review
Our study received an IRB waiver of consent from Mayo Clinic for the chart review portion of the study. Patient
interviews were granted approval by the Mayo Clinic IRB #18-006931.

Results
We included a total of 1319 consultations between Minnesota and Florida campuses (Figure 1). Between 2011
and 2017, a total of 2534 consultations were conducted in Minnesota and between 2016 and 2017, 374 consul-
tations were conducted in Florida. Based on the exclusion criteria described above for Minnesota, a total of 1598
consultations were excluded, mostly due to removal of 1390 records of patients who did not provide authorization
under the Minnesota Statute. Of the 945 consultations notes available for analysis, 442 were excluded mostly due
to the removal of orthopedic cases as explained above. These exclusions left a final count of 503 individual patient
consultation notes from the Minnesota EHR for analysis.

Patient information, demographics & clinical conditions
Most regenerative medicine consultations were conducted by telephone (91.1%; n = 861 Minnesota, 95.5%; n = 357
Florida), although some consultations were made in person (n = 38) or by video (n = 26). We found roughly equal
number of males (56.3%, n = 530) and females who engaged the RMCS in Minnesota. The majority of callers in
the RMCS in Minnesota were new Mayo Clinic patients (63.2%; n = 1,602) with 931 previous patients (36.7%).
For Florida, slightly less than half of callers had prior engagement with the Mayo System (47.1%; n = 132), with 148
(52.9%) being new Mayo Clinic patients. Most often patients themselves called into the RMCS (75.8% n = 709 in
Minnesota; 93.3%, n = 349 in Florida) which was followed by spouses (8.3%, n = 78 in Minnesota; 4.8% n = 18, in
Florida), parents (7.2%, n = 67 in Minnesota; 0.8%, n = 3 in Florida), children (3.6%, n = 34 in Minnesota; 0.5%,
n = 2 in Florida) and medical providers (2.6%; n = 24 in Minnesota) who called to ask questions on behalf of
patients. Consultations averaged about 32 min in length (27 min in Minnesota and 36 min in Florida) with an
overall range of 12–52 min.

The mean age of patients was 60.7 years of those contacting the service in Minnesota and 64.6 years for Florida.
The youngest patient was less than 1 year old and the oldest patient was 97 years of age (Figure 2). The majority
of patients had their home residence in the USA (97.8%, n = 919 from the Minnesota consultation service,
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Figure 2. Age of patients seeking Regenerative Medicine Consult Service consultation.

98.7%, n = 304 in the Florida consultation service). Patients engaged the Minnesota service from across 48 US
states and eight other countries, while patients engaged the Florida consultation service across 33 US states and
four other countries (Figure 3). Patient residences were mostly clustered in the upper Midwest and southeast USA;
the southwest region of the country was the next most common region. Mayo Clinic’s reputation (54.1%; n = 387)
and the internet (31.8%; n = 228) combined represented over 85% of the referral sources for patients engaging the
Minnesota RMCS. This information was not captured for Florida. Physicians (7.3%; n = 52) represented the next
most common referral source followed by family members or friends (2.8%; n = 20), social media (1.0%; n = 7)
and academic journal articles (0.7%; n = 5).

Patients engaging the RMCS in Minnesota had questions about 152 unique clinical conditions or complaints in
17 clinical areas of interest whereas those engaging the Florida service had 32 unique conditions or complaints in
eight clinical areas of interest (please see Supplementary Table 2 for all clinical conditions represented). Orthopedic
issues represented the most common area of interest for which patients contacted the RMCS in Minnesota (43.1%,
n = 379), followed by cardiology, neurology and pulmonology (Table 2). In Florida, patients almost exclusively
called the consult service for orthopedic conditions (93%, n = 346). The twelve most common clinical conditions
patients contacted the RMCS in Minnesota were osteoarthritis (30.2%; n = 266), heart failure (7.3%; n = 64),
chronic obstructive pulmonary disease (COPD) (6.4%; n = 56), cardiomyopathy (4.0%; n = 35), hypoplastic left
heart syndrome (3.6%; n = 32), degenerative disc disease (3.0%; n = 26), Parkinson’s disease (2.4%; n = 21),
avascular necrosis (1.6%; n = 14), stroke (1.5%; n = 13), multiple sclerosis (1.4%; n = 12), spinal cord injury
(1.4%; n = 12) and hip pain (1.4%; n = 12). Osteoarthritis represented 81.7% (n = 304) of all calls at the Florida
service.

Examining patient queries about unproven regenerative therapies & consultants’ responses
An analysis of 503 consultations recorded by consultants in patient EHRs in Minnesota revealed that nearly all of the
patients engaging the service (99.2%; n = 499) wanted to know about stem cell or regenerative interventions related
to their condition. The EHR notes documented the consultant explaining the state of stem cell and regenerative
research for the patient’s condition in 93.4% (n = 470) of cases. More than a third of the notes (36.6%; n = 184)
captured the consultant discussing the for-profit, direct-to-consumer industry and some of the risks involved with
unproven, out-of-pocket interventions. A small number of consults documented patients conducting research on a
specific stem cell clinic (16%; n = 82), with about half of those (n = 40) reporting that they contacted the clinic. Of
the 43 specific locations where patients reported undertaking research and/or contacting a stem cell clinic, 69.8%
(n = 30) were located in the USA with clinics in California (n = 5), Arizona (n = 5) and Florida (n = 3) being
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Figure 3. Frequency of consultations by Minnesota and Florida Regenerative Medicine Consult Services.

most frequently mentioned. Mexico was the most frequently mentioned international destination for unproven
regenerative interventions (n = 7). A few consult notes recorded patients (2.6%; n = 13) undergoing an unproven
stem cell intervention in the past of which seven reported mostly a positive experience receiving the intervention
and the remainder had either mixed (n = 3) or mostly negative (n = 3) experiences.

Consultants also offered medical and clinical research referrals as appropriate. Nearly a third of the patients
(29%; n = 146) received medical referrals for their condition with the majority of these being at Mayo Clinic
(87.0%; n = 127). Slightly more than a third of the patients (37.0%, n = 186) received clinical research referrals
with 71.4% (n = 132) being referred to research at Mayo Clinic. In addition to medical and research referrals,
13.1% (n = 66) of notes recorded that consultants provided additional educational materials to patients. Examples
of these materials include the International Society for Stem Cell Research’s website [52] and patient handbook [53]

or Clinicaltrials.gov [75].
Overall, 12.9% (n = 65) of EHRs documented patients actively considering an unproven stem cell or regenerative

intervention. Among those, 32.3% (n = 21) of the consultation notes explained that patients were still considering
a stem cell or regenerative intervention, 16.9% (n = 11) explained that patients had decided not to pursue an
unproven intervention, and 50.8% (n = 33) of the notes did not address whether the patient would pursue an
unproven intervention after the discussion.

Patients’ satisfaction with a regenerative medicine consultation
To perform a preliminary assessment of patient satisfaction with the RMCS, we conducted individual interviews
with 25 patients who engaged the RMCS between August and November 2018. Out of 25 patients, 84%
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Table 2. Patients’ clinical areas of interest among Minnesota and Florida consultations.
Clinical area of interest Consultations

Minnesota n (%) Florida n (%)

Orthopedics 379 (43.1%) 346 (93.0%)

Cardiology 170 (19.3%)

Neurology 133 (15.1%) 6 (1.6%)

Pulmonology 92 (10.5%) 6 (1.6%)

Nephrology 23 (2.6%) 2 (0.5%)

Hepatology 17 (1.9%)

Ophthalmology 15 (1.7%)

Endocrinology 12 (1.4%)

Rheumatology 8 (0.9%) 5 (1.3%)

Oncology 8 (0.9%) 2 (0.5%)

Gastrointestinal 7 (0.8%)

Ear, nose, throat 4 (0.5%)

Sexual Health 4 (0.5%)

Dermatology 4 (1.1%)

Vascular 3 (0.3%) 1 (0.3%)

Plastic Surgery 3 (0.3%)

Infectious Disease 1 (0.1%)

Urology 1 (0.1%)

Total 880 372

(n = 21) found the consultation service informative and helpful. Almost all callers (n = 22) reported that the
consultant was knowledgeable about the state of stem cell and regenerative medicine research, although multiple
participants reported not learning about any additional therapeutic options for their specific medical conditions.
Patients described the service as ‘thorough’, ‘excellent’, ‘professional’, ‘convenient’, ‘informative’ and remarked that
“all possible information was given.” Many expressed gratitude for the service and the information provided by
consultants.

Some patients explained that the consultation confirmed their suspicions about unproven stem cell interventions.
Two patients who were actively planning to pursue such procedures decided not to undergo such interventions
following their consultation, one citing the exorbitant cost for the procedure coupled with the family not realizing
the intervention was currently unapproved by regulators and the second due to the lack of scientific evidence for
the intervention. Several patients reported being disappointed in the information they received from a consultant
since they did not previously understand how few stem cell interventions were currently available as evidence-based
and FDA-approved treatments. One patient explained that they decided to go through with an unproven stem cell
intervention even after the consultation, but appreciated learning ‘the Mayo view’ and recognized that no treatment
was perfect. The participant had conducted research on various options for over half a year and felt that he had
enough information to make an informed decision.

Discussion
Our data serves to characterize a unique group of patients with unmet informational needs surrounding regenerative
therapies. Members of this group consist of older to elderly persons with degenerative conditions, reside throughout
the USA and are avid information seekers considering an unproven stem cell or regenerative intervention. The
role of the RMCS is to provide information and to help patients navigate their clinical options based on their
medical conditions, preferences and goals, and the availability of evidence-based regenerative interventions or
clinical investigations. The informational needs of patients and families are not, however, restricted to the USA as
a recent study shows that patients have contacted EuroStemCell and Stem Cells Australia who similarly address
written patient queries about stem cell interventions [65].

Our analysis indicates that Mayo’s RMCS appears to satisfy the informational needs of patients seeking regener-
ative medicine interventions. Patients and families are being exposed to fact-based information about regenerative
medicine through conversations about the state of the science and the availability of evidence-based options for
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their medical conditions. Pilot data from patient interviews suggests that patients are mostly satisfied with the
information provided by the consultant and that the consultant was knowledgeable. A discussion of the science
also may serve to help correct some patients’ misunderstandings about unproven interventions. Correcting mis-
information and helping patients make informed decisions is an especially important function of such a service.
Given the number of patient queries related to unproven stem cell interventions, RMCS consultants have revised
their standard operating procedures to now include discussion of unproven interventions even if the patient does
not specifically ask about this subject. This is an important attribute to convey since patients are interested in
knowing more about unproven interventions, including where they should go to receive treatment and whether
trusted organizations recommend undertaking them [65].

To help patients distinguish credible claims from misinformation, consultants can convey evidence-based infor-
mation to patients about the unproven regenerative industry while also being attentive to each individual patient’s
unique circumstances. While we recommend basing these conversations around individual patients’ needs and
interests, a generalized approach can consist of four parts. First, consultants should listen to the patient’s particular
story and understand what information they are seeking, what sorts of treatments they have previously tried and
the patient’s understanding of regenerative medicine. Next, consultants should convey evidence-based information
at the level of patient understanding, addressing the risks and benefits associated with whatever interventions they
are considering. This information should be communicated in an accessible manner and teach-back methods can
be used to determine what the patient is taking from the conversation. Throughout such conversations, consultants
should attempt to address potential questions a patient might ask. If they cannot address the question directly
they should provide patients with useful information resources. Finally, consultants should attempt to counter
misinformation and misperceptions in a professional manner that is nonjudgmental, patient centered, and respect-
ful. Consultants providing information to patients should consider both the cultural and regulatory contexts in
different jurisdictions.

Results from our study show that interpersonal communication with consultants (patient navigators, nurses
and physicians) not only serves as a vehicle for delivering information about regenerative medicine, but may
also influence health behavior in the context of direct-to-consumer marketing. Our analysis of EHRs revealed
that nearly 17% of 65 documented cases of patients actively considering an unproven stem cell or regenerative
intervention resulted in patient statements that they would instead not undergo the intervention after speaking
with a consultant. However, it remains unclear whether other patients considering a regenerative intervention also
changed their opinions since this conversation may not have been documented by the consultant. This result was
corroborated in several interviews conducted with patients. Together, these results suggest that a RMCS may be
effective at influencing health behavior of patients considering an unproven regenerative intervention, although
there were also 21 patients who maintained interest in an unproven stem cell intervention after the consultation.
Yet whether a RMCS ought to consider health behavior change as one of its goals needs deeper reflection and
consideration. While we do not aim to comprehensively address the ethical plausibility of health behavior change in
the context of a RMCS, the literature on interpersonal relations between provider and patient, health coaching and
health behavior offers insights on effective communication pertinent to conveying information and communicating
effectively with patients and families through a RMCS.

The ecological model of health behavior posits that health behavior is influenced at multiple levels, including
interpersonal communication where relationships between people are crucial to identity and behavior [76]. Interper-
sonal communication recognizes the roles and interactions between a patient’s friends, family and social networks,
including interactions with health providers as being central to formulating beliefs, norms and guiding health
decisions. Healthcare decisions are not made in isolation based on biomedical information, but instead involve
a complex interplay between patients’ illness experiences, knowledge, values and emotions. Healthcare decisions
also involve negotiations between a range of different actors and the healthcare system. While family members,
close friends and patient advocacy groups that include patients with similar experiences play a significant role in
shaping health behavior, nurses and physicians continue to be one of the most trusted professions for honesty and
ethics [77,78] and are likely to play an important role in shaping patients’ healthcare decisions. Communicating with
patients by addressing their emotional state is one of the recommendations made by Zarzeczny et al. who found
that many patients and families contacting Stem Cells Australia and EuroStemCell expressed distress related to
their or a loved one’s clinical condition and their willingness to try an unproven intervention [65].

In addition to conversationally-based education during the consultation, written informational sources may
serve as important complements to consultation services [65]. Most patient booklets designed about regenerative
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medicine [50–53], the new informed consent standards put forth by the International Society for Stem Cell Re-
search [45,54] and academic literature in this space [18,22,23,25–30,32] are helpful resources for providing evidence-based
accounts of the current state of regenerative medicine, anticipating questions and dispelling myths surrounding
cell-based interventions. One recent study indicated that web-based education may have an initial impact in in-
fluencing the health behavior of stroke patients seeking unproven stem cell interventions [79]. Providing additional
reputable sources that patients can use when considering an unproven intervention may help patients retain this
information, especially given that it is unlikely that everything will be remembered from a single conversation.
Written information may also help patients understand the distinctions between proven therapies, interventions
provided on an experimental basis in clinical trials and unproven interventions that should not be offered clinically
because of a lack of adequate safety and efficacy data [57]. Moreover, providing additional resources, especially from
multiple sources, may suggest to patients that the information given is important and can be trusted since it comes
from different reputable scientific organizations. Although our data suggests that only 13% of patients received
additional educational materials, this is likely under-reported due to the limitation that not everything discussed
verbally is recorded in an EHR. Anecdotally, RMCS consultants report that they almost always provide additional
educational resources to patients.

Limitations
Five limitations must be noted. First, our study analyzed patients who sought to engage the RMCS through
internet searches and knowledge of Mayo Clinic and thus does not capture the experiences, preferences and
information-seeking behavior of all patients and families considering regenerative interventions. Second, given the
organic nature of how the RMCS evolved, undocumented splintering of services and private consultations with
individual physicians would not be captured in our analysis. We are in the process of refining our consultation
service to ensure a single institutional door of entry for all patients. Third, application of the Minnesota Statute
on research authorization partially limits our reporting of a complete dataset of Minnesota consultations through
the service, although there remains an accurate portrayal of the trends reported in the manuscript. Fourth, because
consultants may not record everything discussed in the consultation within the EHR, our analysis cannot capture
the full nature of the dialogue between consultant, patient and family members. Therefore, some data may not
accurately reflect what information was collected or reported to patients. Fifth, because we excluded the analysis of
orthopedics consults for the qualitative EHR note analysis, our findings may be more relevant for patients seeking
out information for nonorthopedic conditions. Further exploration into the methods of consultation that can be
best used to engage patients interested in orthopedic interventions is needed.

Conclusion
The responsible and compassionate translation of regenerative medicine involves addressing the informational
needs of patients. Considering the ecological model of health framework and the relevant public health context, we
recommend that the scientific community takes seriously the idea of patient-centered approaches when developing
communication tools intended to help individuals make informed healthcare decisions. Patients report higher
levels of trust when they perceive providers to be informative, respectful, nonjudgmental, sensitive and emotionally
supportive [80,81]. Similarly, a good interpersonal interaction between a patient and physician is likely to facilitate
information exchange and shared decision-making [82]. A patient perceiving someone as caring and showing
empathy can improve the emotional health of patients by reducing anxiety, increasing self-confidence and improving
satisfaction and trust [83–85]. It is important for consultants to listen and build a rapport with patients and families
since those considering unproven regenerative interventions often express anxiety about living with chronic illness
and sometimes report medical teams as dismissive to their concerns, thus causing frustration and fueling distrust in
conventional medicine [34,35,39,72]. Strategies from health coaching on empathic communication where patients are
empowered and participate in goal setting and healthcare decision-making could enhance information exchange
and add to the repertoire of communication strategies supported by health consultation services [86,87].

Interpersonal communication is at the core of this service and patients should be given the opportunity to
express their worries, concerns and questions about regenerative medicine amidst confusion and misinformation
replete in this health area. This will require active listening by consultants to meet patients’ needs. Having trained
healthcare professionals available to listen and empathize while providing an explanation of risks and providing
insight into the direct-to-consumer marketplace for unproven stem cell and regenerative interventions may help
patients critically evaluate and possibly reconsider unproven and potentially harmful therapies. Whether academic
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and medical institutions should engage in promoting services that result in behavior change require deeper reflection,
moral consideration and public engagement to better understand whether this should be an aim of such services.
Additional important and practical issues about the service to consider include economic costs and returns on
investment for the institution to sustain such programs, institutional reputation and public perception and social
responsibilities to patients and the public who support the advancement of regenerative medicine. Despite the
potential of stem cell and regenerative medicine research to provide new treatments, for many patients today, there
are no evidence-based options. Having an opportunity to discuss medical concerns with a caring individual may
be of modest benefit in and of itself, lending additional value to regenerative consultative services.

Summary points

• Unproven regenerative therapies and direct-to-consumer health advertising necessitate new ways of engaging
with patients. Unproven stem cell interventions are often marketed with misinformation and this can impact
patient autonomy and the ability for patients to make informed health decisions. This obligates healthcare
professionals to facilitate patient access to evidence-based information.

• Mayo Clinic in Minnesota created a Regenerative Medicine Consult Service (RMCS) in 2011 to provide patients
with reliable information and navigate them to evidence-based clinical and research opportunities. In 2016, Mayo
Clinic in Florida started a consult service focused mainly on orthopedic conditions.

• Using mixed methods, we characterized the nature of patient consults in the RMCS. Specifically, we captured
various patient data from 1319 patients among two Excel databases, undertook a qualitative analysis of 503
consultation notes in patient electronic health records and conducted short interviews with 25 patients.

• We identified a unique group of information seekers who were older to elderly patients, clustered in the upper
midwest, southeast and southwest regions of the USA and interested in learning more about regenerative
options for their medical conditions.

• Callers were provided with information about the state of stem cell research for a patient’s medical condition and
discussed the unproven stem cell therapy industry in over a third of the consults. About a third of patients
received either a clinical or research referral.

• An analysis of the consult notes showed that among patients who were actively pursuing an unproven stem cell
intervention (12.9%; n = 65), about a third (32.3%; n = 21) documented that patients were still considering an
unproven intervention toward the end of the consult. However, 16.9% (n = 11) notes reported that patients said
they would not pursue an unproven intervention at the end of the consult, and the remaining notes did not
describe the patient’s stated intentions.

• Patients who were interviewed reported that the consultant was knowledgeable and that the service was well
received.

• Given the challenges associated with providing patients with up-to-date and evidence-based information in the
digital age, our results suggest that provider–patient consultations may be helpful for engaging patients
struggling to navigate health information about regenerative medicine. The RMCS was able to deliver
evidence-based information, navigate patients to research and clinical services and potentially influence health
behavior.
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