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ABSTRACT

The promise of stem cell (SC) therapies to restore functions of damaged tissues and organs
brings enormous hope to patients, their families, loved ones and caregivers. However, limits may
exist for which indications SC therapies might be useful, efficacious, and safe. Applications of
innovative therapies within regulatory boundaries and within the framework of controlled clini-
cal trials are the norm in the scientific and medical community; such a system minimizes patient
risk by setting a clear and acceptable safety and efficacy profile for new therapeutics before
marketing authorization. This careful clinical validation approach often takes time, which
patients suffering from terminal or debilitating diseases do not have. Not validated, unproven
stem cell interventions (SCI) that promise a working treatment or cure for severe diseases have
therefore found their way into the patient community, and providers of such treatments often
take advantage of the public’s willingness to pay large amounts of money for the misguided
hope of a reliable recovery from their illnesses. We conducted a review of scientific publications,
clinical case reports, and mass media publications to assess the reported cases and safety inci-
dents associated with unproven SCI. The review also analyzes the main factors that were identi-
fied as contributing to the emergence and global rise of the “stem cell tourism” phenomenon.
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SIGNIFICANCE STATEMENT

Recent reports have been documenting the increase in clinics advertising unproven stem cell
(SC) interventions which promise to treat and even cure certain diseases, despite the lack of sci-
entific evidence for their safety and efficacy. This review presents a detailed, up-to-date assess-
ment of the available, reported cases receiving such interventions. This assessment is highly
significant, as it joins other efforts in shedding new light on the magnitude and pervasiveness of
a critical situation which may pose a serious risk to vulnerable patient populations and, at the
same time, may dilute the value of ethical and legitimate SC therapies currently being devel-
oped for patients through rigorous preclinical and clinical testing.

The unique ability of stem cells (SCs) to self-
renew has prompted basic and clinical investi-
gators to explore their utility for functional res-
toration of damaged or diseased tissues and
organs [1–3]. Results obtained from investiga-
tions of different SC types have demonstrated
great potential for treating various previously
untreatable medical conditions [2, 4, 5]. How-
ever, SC research is also often associated with
inflated expectations over regenerative capabil-
ities, and the ability to bring working therapies
to diseases currently listed as “unmet medical
needs” [6, 7]. Although such notions have cre-
ated significant support for funding legitimate

SC research, they have also created strong pub-
lic demand for the immediate availability of
novel SC treatments. This gap between the
potential of medical innovation and unmet
medical needs has created an opportunity for
many dubious “stem cell clinics” to promise
availability of SC therapies for various condi-
tions, while providing neither proper scientific
support nor validated clinical experiences for
these claims. Several publications have
attempted to quantify the magnitude of this
problem by collecting online information on
clinics and businesses in different countries
offering unproven stem cell interventions (SCI)
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for both cosmetic and medical purposes [8–19]. These thinly
disguised for-profit businesses continue to exploit a wide base
of vulnerable patients, using unproven therapeutic claims that
solicit false hopes of providing new and effective treatments.
As unproven SCIs do not have the benefit of payor/insurance
coverage, patients are also exploited financially by being
charged thousands of dollars to receive these unproven inter-
ventions. According to Srivastava et al., unproven cellular ther-
apies are characterized by an unclear scientific rationale, an
unknown mechanism of action, insufficient preclinical data
regarding their safety profile, unconfirmed product quality,
inadequate information disclosure to the patient, untested
administration methods, and uncontrolled experimentation in
humans [20].

Several guidelines and recommendations have been pro-
posed to limit or eliminate such practices [7, 21–28], and patient
advocacy groups and medical societies have been encouraged
to work together, in conjunction with regulatory agencies, to
raise awareness and educate physicians and patients about the
differences between properly tested SC therapies and unproven
SCIs [29, 30]. Despite these efforts, unregulated access to unpro-
ven SCIs seems to continue to progress, with current regulatory
and legal actions unable to control it. In this review, we offer a
comprehensive retrospective analysis of adverse events
reported for patients receiving unproven SCIs, while capturing
factors that contribute to their on-going use.

STEM CELLS: SEPARATING HOPE FROM HYPE

The continuing SC plethora and the associated ethical contro-
versies started at the end of the 20th century with the isolation
of pluripotent SCs from the inner cell mass of early human
embryos by James Thomson (University of Wisconsin, U.S.) and
from fetal gonadal cells by John Gearhart (Johns Hopkins Uni-
versity, U.S.) [31, 32]. Soon after, the ability to differentiate plu-
ripotent SCs ex vivo into specialized tissue cells of ectodermal,
mesodermal, and endodermal lineages was demonstrated [33].
In 2006, Shinya Yamanaka (Japan) generated induced pluripo-
tent stem cells (iPSCs) from differentiated, mature cells nor-
mally incapable of reverting back into true SCs, by up-
regulating early acting transcription factors using inserted
genes [34]. Nevertheless, the ethical controversies resulting
from human embryo sourcing for the generation of embryonic
stem cells (ESCs) have hindered the wide spread clinical use of
ESC derived products. Likewise, translational challenges and
adverse events experienced in clinical trials iPSC derived cellu-
lar products have limited their clinical applications [35–37].

Adult-type SCs are presently a much more feasible and
immediate option for clinical applications, with less ethical con-
troversy [38]. Mesenchymal stromal cells (MSCs), which function
as multipotent adult SCs, have intrigued the scientific community
with their potential therapeutic effects, resulting in many clinical
trials but few marketing approvals [39, 40]. Adipose tissue-
derived MSCs have become the most popular cell type exploited
by many spurious SC clinics because of cell harvesting ease
through relatively minor procedures, such as liposuction [9, 41].

Researchers’ over-enthusiasm and media portrayal of sci-
entific achievements in regenerative medicine by applying
adult-type SCs has overly inflated the potential of such thera-
pies suggesting wide availability of diverse SC-based

treatments in the near future [42]. This coverage fuels public
expectations for accelerated access to such treatments and
creates opportunities for deceptive trade practices without
evidence [43, 44]. To eventually generate a safe and effica-
cious product, the clinical development path for SC and other
somatic cell and gene-based therapeutics is long and finan-
cially draining [45]. Therapeutic SC reality, therefore, falls far
short of these expectations, and unproven SCI offerings
abound unregulated to fill this gap.

SAFETY INCIDENTS REPORTED AFTER RECEIVING UNPROVEN SCS

To evaluate the potential risks of receiving unproven SCIs, liter-
ature, and web-based searches were conducted for available
adverse event cases reported to date (see Tables 1–2). PubMed
and Google search engines were used during January, 2018 to
locate cases describing acute or chronic complications as well
as death after administration of unproven SCIs into humans.
The following terms and keywords were used interchangeably
during the PubMed search: “unproven,” “unauthorized,” “Stem
cell,” “interventions,” “tourism” and “clinic,” and in addition the
following terms were added during the Google search:
“complication,” “death,” “neoplasm,” “tumor,” “infection,” and
“inflammation.” Searches were limited to English-language liter-
ature, with no date limits. Scientific literature and also mass
media reports were reviewed by two independent reviewers
for inclusion of relevant evidence. Differences in selections
were addressed by discussions producing mutual agreements.
Additional cases were identified through supplemental mate-
rials (e.g., review articles) not identified in the initial search.

The PubMed database search yielded 885 results that were
reviewed together with the first five pages of the Google
search results. A total of 35 cases describing acute or chronic
complications or death following an alleged SCI administration
were identified: 19 cases came from the scientific literature,
and 16 cases were mass media reports (Tables 1–2). To assess
the reliability of the reported cases, reporting criteria for iden-
tified cases in the scientific literature were evaluated against
the CARE case report guidelines [69]. Reports failing to meet
these reporting criteria were categorized as inadequate
(n = 9). Although they were meant to be written in the most
understandable lay language, some media reports of patients
receiving unproven SCIs showed high level of technical details
in reporting (n = 5), enabling us to extract all necessary infor-
mation. This level of responsible reporting is encouraged and
considered a powerful tool for educating the public and the
scientific community.

The first unproven SCI adverse event from this search
dates to 2001: a child (age 13 at the time of admission) suffer-
ing from ataxia telangiectasia, for which his parents took him
to Russia in 2001, 2002, and 2004 to receive allogeneic fetal
neural SC injections into both the cerebellum and the cerebro-
spinal fluid. In 2005, the child presented to Sheba Medical
Center, Israel, complaining of recurrent headaches. An infra-
tentorial brain lesion was identified by MRI, and the patient
underwent brain surgery in 2006 to remove the lesion. Neuro-
pathological examination of the mass confirmed a glioneural
neoplasm originating from donor neural SCs [46]. In further
cases examinations, 12 of 35 patients received adipose tissue-
derived cells and three patients received xenogeneic SCs, none
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of which had regulatory approvals or clinical trial designations.
Clinics involved in offering such unproven SCIs to patients who
subsequently suffered adverse events or died were located in
14 countries. Some patients had located those clinics through
the internet. In one incident, three patients identified the
intervention through “Clinicaltrials.gov,” where a company,
Bioheart, registered a trial (NCT02024269) for intravitreal
injection of adipose-derived SCs to treat age-related macular
degeneration (AMD). The trial was withdrawn before patient
enrollment began. A later publication, however, revealed that
the three patients suffered severe vision loss after the admin-
istration of the aforementioned unapproved “Bioheart” prod-
uct [52]. The patients were also persuaded to pay $5,000 each
to participate in the alleged study [52].

Cell preparation protocols for clinical applications could
only be identified in four cases [46, 51, 52, 70]. In one case,
filtered bone marrow was applied and described as “grossly fil-
tered” before being injected directly into the carotid artery
[60]. In another case, harvested abdominal wall fat was mixed
with several hormones and injected into the face in what was
called a “stem cell facelift” [50]. One patient traveled to clinics
in China, Mexico, and Argentina to receive SCIs and ended up
with a glioproliferative lesion originating from cells implanted
in the thoracic region of the spinal cord [49]. A review of
these results, consistent with previous analyses [8], indicates
that administration of SCIs not subjected to proper testing,
accepted manufacturing standards and clinical supervision can,
at least in some cases, pose serious risks. While some of the
injured patients sought legal action against providers offering
unproven SCIs, most lawsuits have reached a settlement with
no judicial decisions against these practices [71].

FACTORS CONTRIBUTING TO THE EMERGENCE AND GLOBAL RISE
OF UNPROVEN SCI

Based on the cases collected, we identified three domains that
may contribute to on-going use of unproven SCIs with strong rela-
tionships between each other: the ethical domain, constituting
the main concern, where promises of SC therapies to the public
should be truthful and accurate, the scientific domain, where
safety and efficacy of the treatment should remain a foremost
priority, and the regulatory domain, where a balance should be
struck between accelerated SC-based therapeutic development
and compiling well-characterized benefit-risk profiles based on
available safety and efficacy data to ultimately benefit patients.

The Interface Between Ethics and Rigorous Scientific
and Clinical Research

Despite some studies describing MSC risks of promoting tumor
growth and certain infections [72], MSCs are considered safe
when tested in carefully designed, well-controlled clinical stud-
ies and applied in indications suited to their applications [73].
Preclinical testing including in vitro and in vivo assays based on
well-designed experiments are essential to ensure sufficient
knowledge of the safety and efficacy of a treatment before
administration into humans [74]. All new cellular therapy prod-
ucts tested clinically should be produced under Good
Manufacturing Practice conditions and tested under Good Clini-
cal Practice to ensure consistent quality of the administered
product, the clinical competence of personnel administering

the therapy, and the safety and well-being of clinical trial par-
ticipants [74, 75]. This rigorous code of conduct is meticulously
adhered to by all approved, legitimate clinical trials investigat-
ing SC-based therapies to ensure adequate evidence synthesis
[76, 77]. This process is also subject to thorough quality sys-
tems, in which documentation and reporting play a major role
[78]. In contrast, SC clinics and companies treating patients in
inadequately equipped facilities with nonqualified personnel do
not adhere to these criteria. These clinics usually fail to estab-
lish requisite safety and efficacy profiles for their SCIs as man-
dated by regulations, and thus lack the knowledge and
accountability for proper dose regimens, SC quality and counts,
and optimal route and method of administration [41]. More-
over, objective treatment information for cases of unproven
SCIs is generally lacking, relying primarily on patient testimony.
This makes traceability challenging and cannot ensure that data
and reported results are credible and accurate, and moreover,
it cannot guarantee that patient rights, integrity, and confiden-
tiality were protected. This modus operandi places treated
patients at great risk, leading to serious adverse events, directly
or indirectly related to SCIs. Lack of proper safety reporting also
extends to human studies investigating novel therapies [79].

Aside from questionable scientific rigor for using unproven
interventions, the dilemmas surrounding these practices chal-
lenge the ethical boundaries of honesty and dignity, with direct
impact on genuine rights of human autonomy—a primary motive
for swift actions and de facto solutions [80]. In most of the
reported cases, patients were desperate with noncurable chronic
disease where the “right to try” concept to administer experimen-
tal treatments operates [44]. This desperation adds complexity to
treatment scenarios since clinics offering unproven SCIs also
develop strategies to exploit these desperate patients [42, 80].
Not all SC clinics take the same approach, but many websites
advertising such interventions repeat a general theme featuring
sentimental messaging and patients’ testimonies to benefits and
cures. Patients seeking these services have been found to use
crowdfunding campaigns with captivating personal narratives and
misleading statements about potential benefits and absence of
risks to defray the costs of the procedure [81]. The question
raised is often: “Is it ethical to administer an unproven interven-
tion that might provide a benefit, but has not been subjected to
accepted standards of scientific and clinical research rigor and evi-
dence?” The rise of the “right to try” argument compels heavy
refocus on the scientific and ethical bases behind current medici-
nal product testing and approval frameworks. Despite possibilities
for vast improvements that might be introduced into such frame-
works, current regulatory pathways remain the best guarantee
for both quality and safety of newly approved products to protect
patients from potential harm. Most importantly, physicians who
are involved in offering or providing unproven SCIs which lack the
appropriate scientific evidence, are violating the trust of their
patients and subjecting them to unjustifiable risks [82].

Regulatory Issues Related to the Use of Unproven SCI

Currently, the U.S. has the largest number of SC clinics globally
[10]. In 1997, the Food and Drug Administration (FDA) estab-
lished a regulatory plan for human cells, tissues, and cellular or
tissue-based products (HCT/Ps). This was followed by three sep-
arate parts and rules in 1998, 1999, and 2000, to be implemen-
ted together in Title 21 of the Code of Federal Regulations Part
1271 (21 CFR 1271) in 2001 [83], becoming active in May, 2005.
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According to 21 CFR 1271, HCT/Ps are not considered biological
products and not regulated by the FDA when they are minimally
manipulated, intended for homologous use, or if they are
removed and implanted into the same patient in the same surgi-
cal procedure. This description has shown to be key to enabling
unproven SCIs. Many unproven SC clinics escape FDA regulatory
scrutiny by claiming that their therapy falls under these criteria
and therefore does not require FDA approval. To clarify this situ-
ation, the FDA published two guidances in 2014 [84, 85] stating
that the techniques used during the preparation of SC-based
therapies isolating the stromal vascular fraction are not consid-
ered “minimal manipulation.” The FDA also clarified their criteria
for the “same surgical procedure exception,” and that such
products are to be regulated as drugs, devices, and/or biological
products (21 CFR 1271.20) and subject to Section 351 of the
Public Health Service Act and applicable regulations [84]. Since
2011, the FDA has sent several warning letters to many dubious
clinics that violate these rules [21] and has held several work-
shops to promote proper development of SC-based therapies
[86]. Most FDA warning letters were for marketing an unproven
SCI that falls under FDA authority. These letters also revealed
that some companies that do not directly provide SCIs exploit
the term “stem cells” in their marketing of devices and cos-
metics for enhancing SC functions, or for activating or extracting
SCs for reinjection. This pattern of exploiting scientific terms for
device marketing, especially for cosmetics has also extended to
other advanced therapeutics, such as gene therapies. Recently,
the FDA published a warning statement about the “do it your-
self” kits for gene therapy production and administration com-
mercialized by a “biohacker” movement [87].

In the European Union (EU), SC-based therapies received offi-
cial definition by the European Medicines Agency (EMA) in 2001
under Directive 2001/83/EC as “cells or tissues that have been
manipulated to change their biological characteristics or cells or
tissues not intended to be used for the same essential functions
in the body. They can be used to cure, diagnose or prevent dis-
eases” [88]. General aspects of cellular therapy were established
in guidelines for human cell-based medicinal products (EMEA/
CHMP/410869/2006). The 1394\2007 regulation established rules
that regulate the Advanced Therapy Medicinal Products (ATMPs)
throughout Europe under EMA authority. From 2008 to 2011, a
transition period was allowed for all cellular therapy providers to
comply with these new regulations [89]. The company XCell Cen-
ter (Düsseldorf, Germany) exploited a legal loophole in the Ger-
man regulations and the new EU regulations during this
transitional period to provide bone marrow SC-based interven-
tions. The Center closed in 2010 after the death of an 18-month
old child from internal brain hemorrhage [90].

Several regulatory pathways are currently available to facil-
itate patient access to and benefit from therapeutics still being
investigated under rigorous scientific research practices. This
“compassionate use of investigational drugs” has a clear regu-
latory framework in both Europe and the U.S. Through the
treating physician, patients in the U.S. who are terminally ill
and fail to meet inclusion criteria for clinical trial enrollment
can request access to investigational therapeutics. This access
can be obtained through two pathways, either the “expanded
access programs,” where a drug or biologic in late stage devel-
opment can be accessed by a wider patient base, or the “sin-
gle patient expanded access” pathway, where the treating
physician requests access to an unlicensed therapeutic from

the manufacturer. The manufacturer decides to provide the
patient with the experimental drug while simultaneous FDA
approval for use is obtained [91]. Moreover, the FDA has
implemented the Regenerative Medicine Advanced Therapy
designation, offering incentives to developers of novel thera-
pies, similar to the “breakthrough designation,” such as accel-
erated approval, among others [92]. Although these legitimate
tools are already available to enable accelerated access to
potentially beneficial experimental therapies for severely ill
patients, the current proposed federal “right to try” legislation
in the U.S. may weaken the agency’s enforcement ability [93].

In the EU, compassionate use allows member states to per-
mit use of unlicensed medicinal products for patients with seri-
ous, debilitating, long lasting conditions. Another option is the
hospital exemption, where use of ATMPs, including SC-based
therapies, is possible for patients on an individualized basis and
under the responsibility of the treating physician [94]. Acceler-
ated development pathways for “unmet medical needs” prod-
ucts have also been developed in the U.S. and EU to encourage
pharmaceutical companies to invest in such products and to
accelerate product availability with shorter development time-
lines compared to regular therapeutics [94, 95]. Perhaps not
coincidentally, “unmet medical needs” are the usual targets for
unproven SCI providers. To that end, regulatory agencies are
expected to implement a comprehensive policy framework and
enforcement measures to clearly delineate SC therapeutic
development that require agency oversight and to control the
rising tide of direct-to-consumer marketing of unproven SCIs
that put increasing numbers of patients at risk [22, 28].

SUMMARY

Increasing use of unproven SCIs is a complicated, multifactorial
problem that requires the attention of all stakeholders on national
and international levels to be properly addressed. Collected evi-
dence indicates substantial patient exploitation using the “power
of hope,” and risks using unproven SCIs. Two limitations to this
review exist, making it challenging to draw strong correlations
between unproven SCIs and reported safety incidents: first, the
number of cases identified through a variety of search strategies is
considered small and under-represented; second, most of the
cases reported from both scientific publications and mass media
suffer from incomplete information on the SCI applied. It is
expected that the true number of cases receiving unproven SCIs is
much larger than the one reported. This situation places more
importance on proper adherence to international standards of
ethics and science in designing, conducting, recording, and report-
ing clinical studies of new SC therapies, critical to protecting vul-
nerable patient populations and providing essential evidence for
safety and efficacy determinations. Despite the recent action of
the FDA to seek permanent injunctions against two SC clinics
advertising unproven SCIs is being hailed as a triumph of law and
science-based safeguarding over unethical and potentially danger-
ous practices [96], the current situation requires relentless and
immediate responses to be sufficiently contained.
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