
Perspective

For reprint orders, please contact: reprints@futuremedicine.com

Bridging stem cell research and medicine: a
learning health system
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Stem cells may not systematically obey traditional Phase I–IV clinical translation models. In response, var-
ious actors have suggested that stem cell-based medical innovation models could catalyze translation
instead. Accordingly, calls were made to adopt more permissive approaches to stem cell translation. Yet,
the Phase I–IV paradigm remains the standard within the scientific community. This article seeks to ad-
vance the stalemated discussions by proposing an alternative model for consideration. In it, we argue
that a stem cell-based learning health system may be able to reconcile these two models. Centered on the
acceleration of evidence and knowledge flow, a stem cell-based learning health system could maximize
patient retention and data follow-up, thereby promoting inclusive system learning and improvement.
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Amid ‘stem cell tourism’ safety concerns and the costs of regenerative medicine, the debate around clinical translation
of stem cells is simmering. Some advocate traditional Phase I–IV clinical translation models to maximize patient
safety. Others contend that permissive medical innovation policies could pave a path forward for stem cell translation.
‘Medical innovation’ was defined in the Belmont Report as a medical care departing significantly from standard
practice [1]. Although both approaches have merit – indeed, phase-based translation ordained the primacy of safety
while medical innovation has brought about advances such as anesthesia [2] and smallpox inoculation [3] – both
suffer drawbacks. Stem cells are biochemically and pharmacokinetically complex and may fit poorly with Phase
I–IV models [4,5]; while medical innovation is inherently risky. Yet, ignoring this debate or addressing it in a vacuum
will only further alienate the growing number of patients who fly abroad to receive unproven treatments despite
cautionary medical advice [6,7]. The obvious question flowing from this deadlock then is how these approaches
could be reconciled.

As a matter of discussion, we suggest that a stem cell-based learning health system (hereafter scLHS) could be
an interesting model to consider. As defined by the US Institute of Medicine, a learning health system (LHS) is
“designed to generate and apply the best evidence for the collaborative health care choices of each patient and provider; to
drive the process of discovery as a natural outgrowth of patient care; and to ensure innovation, quality, safety and value
in health care” [8]. In short, it seeks to mutualize knowledge flow between bench and bedside by enmeshing clinical
research with medical care.

The purpose of this article is to offer an alternative policy perspective to the ongoing debate on stem cell
translation. It aims to spark conversation among stakeholders and does not purport to offer a fully developed
translational model. To do so, the article unfolds in two parts. In part I, we explore the ways in which an LHS
could be useful in the broader stem cell context. Namely, we first highlight the strengths of the scLHS model by
contrasting it with conventional and other existing translational models. We then argue that by promoting patient
retention and data follow-up, an LHS could mitigate the impact of ‘stem cell tourism’. We conclude part I by
deriving ethical principles from the history of bone marrow transplantation. In part II, we provide a high-level
conceptual roadmap for the potential implementation of an scLHS.
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Perspective Touré, Kleiderman & Knoppers

Clinical
data

Research
data

Stem cell-based care 

Stem cell based research

Figure 1. Knowledge flow in a stem cell-based learning
health system.

The case for a stem cell-based learning health system
Despite the promise of regenerative medicine, progress has been slower than expected [9]. This is due in no small
part to the sheer complexity of the discipline, and challenges associated with the generation of conclusive evidence.
That said, the absence of both a unified objective and aggregated pursuits within the stem cell community are
also contributing factors that ought to be recognized and addressed. Until this happens, this disaggregation will
perpetuate scatteredness in stem cell science – exemplified by not only the divergence or uncertainty in standards
(e.g., evidentiary [10], cost–effectiveness [11], taxonomic-nomenclatural [12]) but also by the intensification of the
purveyance of unproven therapies. An scLHS would double as a centralized hub to maximize standardization
and minimize research dispersion; distinguish legitimate scientific inquiry from illicit exploitation; and optimize
resource use.

An essential clarification is that the purpose of an scLHS is not the ‘acceleration of access’ to stem cell therapies
per se, but the ‘acceleration of knowledge flow’ and evidence generation. In that sense, it must be viewed neither
as a substitute for stem cell clinics, nor as an ‘enabler’ of scientifically unsound therapies. Rather, it is intended to
bridge the gap between stem cell research and medicine by cyclizing knowledge flow between bench and bedside
(Figure 1).

To illustrate the value of an scLHS, we discuss three specific contexts: the contrast with existing translational
frameworks; ‘stem cell tourism’ and patient data drain and the genesis of bone marrow transplantation.

Contrast with existing frameworks
Currently, translation in stem cell science relies largely on the Phase I–IV model. Undoubtedly, this paradigm has
been an impressive response to the over-reliance on medical intuition and uncontrolled medical interventions [13].
Indeed, a number of stem cell clinical trials are being successfully carried out. Notably, per a recent report, at least
6% of the registered trials have reached Phase III or IV [14]. However, the overall success rate of drug development is
approximately 12% [15]. This discrepancy reveals disproportionately low developmental success rates for stem cells.
Although it does not necessarily mean that the phase-model is ill-adapted for stem cells, it may be symptomatic
of structural impediments to knowledge flow and evidence generation – a major challenge to the progress of
regenerative medicine.

While their virtues need no further recounting, the shortcomings of prevailing translation models in the stem
cell context must be acknowledged (see Table 1). First, physicians who administer these therapies are presumably
under pressure to reach internal validity, which in effect tightens patient selection criteria. This narrowed inclusion
band may skew data toward a specific segment of the population. Extrapolating the analysis, a hypothesis could
be made that disparity between early- and late-stage demographics (the latter requiring larger – by extension more
heterogeneous – populations) may be a factor in the disproportionately high failure rates in late-stage trials. In
relation to this, a second criticism is the fact that each trial is typically organized de novo [16] which, in combination
with the fragmentation of stem cell research and lack of standardization [12], translates into unnecessary duplication
and waste. In light of the time-, resource- and data-sensitive nature of stem cell science, this waste is particularly
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Table 1. Contrast between existing translational frameworks and a stem cell-based learning health system
Shortcomings of existing frameworks How an scLHS addresses them

Adaptability Limited adaptability of trial design (leading to resource
waste upon failure)

Uses adaptive trial design

New ‘adaptive pathways’ models, premised on acceleration
of ’access to therapies’, suffer from transparency issues

Avoids regulatory transparency issues by prioritizing acceleration
of ’knowledge diffusion’ (e.g., results)

Use of resources Issues of standardization and harmonization leading to
duplication and waste

Promotes harmonization and interoperability by bringing both
stem cell research and care under a single, large-scale community
undertaking

Waste of resources stemming from the de novo requirement
of clinical trial design

Avoids unnecessary duplication by accelerating knowledge flow
(e.g., publication and adverse events)

Limited inclusivity due to pursuit of internal validity Adaptive, and pragmatic trial design models to increase inclusivity
and absorb risk of late-stage failure early

Communication of results No mandatory requirement for communicating results – Built-in peer expectation (or requirement) to communicate results
– Enables tracking of results, but also volume, gravity and
predictability of adverse events
– Reduction of stigma around negative results through universal
requirement

‘Compassionate use’ – Premised on access to therapies
– Limited inclusivity, which undermines the objective of
access to therapies
– No robust ethical framework for patient contribution to
access to knowledge

– Premised on access to knowledge
– Features ethical framework for patient contribution to diffusion
of knowledge

Influence of ‘rogue’ stem
cell clinics

Vulnerable to ‘sham’ clinical trial registrations intended to
lure unsuspecting patients

Distinguishes licit and illicit stem cell study. As a network,
participation within an scLHS would be contingent upon
satisfaction of minimum ethical standards. an scLHS could also
double as a certification system

Reputational damage to stem cell science and regenerative
medicine

scLHS: Stem cell-based learning health system.

problematic. Flowing from this, a third criticism is that current translation models have no mandatory requirement
to communicate results. As we elaborate in the next subsection, only 45% of the completed stem cell trials have
published results [14]. As a solution, the authors of this finding have advocated for journal-enforced standards.
In contrast, an scLHS, being essentially a network of peers and colleagues, would have a built-in expectation (or
requirement) to report (or publish) results. This would allow tracking of not only results, but also the volume,
gravity and predictability of adverse events. Fourth, as elaborated below, the clinical trial model is prone to capture
by stem cell clinics that may register clinical trials solely for financial gain [14]. These ‘trials’ are sometimes harmful
to patients [17], ‘sullying’ the field along the way [13].

Emerging alternative translation models may also be insufficient. These models have emerged in response to the
criticism that conventional phase-based models are too rigid to respond adequately to emerging knowledge [18].
High-profile responses include the European Medicine Agency’s ‘Adaptive Pathways’ to translation, as well as the
US 21st Century Cures Act. Both of these frameworks emphasize ‘adaptive’ trial designs, which would allow changes
and revisions of prior assumptions in ongoing clinical trials when new data emerge. Interestingly, in its concluding
report, the EMA has indicated that the ‘adaptive’ trial model can “support medicine development in [areas] where
evidence generation is challenging, such as [degenerative diseases]". This is an interesting proposition for regenerative
medicine, especially in light of the potential for long-term adverse events. However, the flaw in these legislative
and regulatory responses lie in the fact that their primary objective is acceleration of access to therapies and not
the acceleration of knowledge and evidence flow. While laudable, this objective may carry risk related to lack of
regulatory transparency and governance [19].

‘Compassionate use’ models do not address the challenges raised by traditional translation models either. The
reason is that these ‘one-off ’ pathways are not only of limited use (by definition), but also are premised, like ‘Adaptive
Pathways’, on access to therapies. In its 2016 guidelines, the International Society for Stem Cell Research attempted
to reorient the premise of this pathway by recommending that the administering physician immediately move on
to clinical trials [20]. While this effectively pulls ‘compassionate use’ toward the pursuit of generalizable knowledge,
it merely tethers it to the clinical trial system and does not solve the shortcomings of the latter (discussed above).
In addition to this, the lack of inclusiveness in patient selection discussed above is problematic. Put differently,
the pursuit of positive results may cause the physician to be more selective which, ironically, undermines the
very objective of increasing access. Finally, ‘compassionate uses’ lack the ethical framework to encourage patient
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participation in the pursuit of knowledge [21]. This places this pathway in comparative disadvantage to LHSs,
which, as some authors argue, ought to impose soft obligations for patient contribution [22].

‘Stem cell tourism’ & patient data drain
The solution to the stem cell translation debate cannot be reached in isolation, and must be informed by the issue
of ‘stem cell tourism’ and data drain. To be clear, our usage of the phrase ‘stem cell tourism’ refers exclusively to the
pursuit and commercial act of administering unproven and scientifically unsound stem cell-based treatments. In
that regard, this article acknowledges the ethical and moral grey areas in the stem cell tourism conversation [23,24].
That said, our position is that an scLHS could mitigate the associated data drain by directly involving the patient.

For context, the paucity of data is a gap in stem cell science. As discussed above, only 45% of the completed
trials had published results as of 2017 [14]. Additionally, none of the known stem cell tourism clinics had reported
results. More concerning still is the increasingly sophisticated veneer of legitimacy of stem cell tourism clinics from
manoeuvres like sham clinical trial registrations to lure unsuspecting patients [25,26]. These observations merely
add to the underparticipation in clinical trials and underreporting of adverse events by stem cell clinics, with some
said to discard patient data entirely [27]. The combined effects of these trends reflect a large-scale syphoning of
otherwise clinically useful data away from domestic structures. Yet, the medical tourism market (of US$54.5–
72 billion) is unrelenting, with a yearly growth rate of 15–25% [28]. Against this patient outflow, the issues of
patient recruitment into legitimate clinical trials become stark. In the case of Geron’s human embryonic stem cell
trials, it took 18 months to enroll five patients, over multiple US study sites. In another case, “[a] Phase I/II study for
chronic spinal cord injury with umbilical cord blood mononuclear cells could not be completed in Hong Kong, due to the
inability to recruit sufficient patients” [9]. If we accept the premise that this market creates a zero-sum dynamic over
patient data, we must recognize that this patient exodus transfers much of the costs of uncertainty onto domestic
research structures. That is, patients who fly abroad take with them the potential of collecting data and advancing
stem cell science. Indeed, when they receive unproven treatments, stem cell ‘tourists’ may become ineligible for
clinical trials [29,30]. Against this drain, the human costs and opportunity costs of inaction may no longer justify
the status quo.

An scLHS could alleviate this problem by maximizing patient retention and data recirculation. By design, one of
the cornerstones of LHSs is to inform the research–care continuum with patient input. In a way, the patient becomes
an active participant. Intuitively, when patients are personally invested in their healthcare, they are less likely to rely
on foreign institutions. Notably, an scLHS would offer superior value to the modest postoperative care plans, low
adverse event responsiveness and poor scientific bases of which ‘rogue’ stem cell clinics are accused of providing
their services [31,32]. Interestingly, in the final report of the EMA’s ‘Adaptive Pathways’ pilot, the first identified area
of improvement was patient involvement. This will, per the EMA, “provide insights on feasibility, ethical aspects,
and [support for] enrolment in trials and registries” [33]. Critically, by providing for centralized patient registries and
involving patient communities, an scLHS should reasonably address underparticipation issues associated with low
awareness of enrollment opportunities. As we discuss below, an scLHS can accommodate patient-centeredness and
elevate the patient to a partner in the medical and research missions. In turn, the new knowledge feeds back into
both the research and care realms to ensure continuous system learning and improvement. In terms of expected
returns, improved patient selection and recruitment would be among the most noteworthy.

In this endeavor, an scLHS should not be a substitute for stem cell clinics. That is, where a treatment has no
scientific rationale, such treatment should not be undertaken within an scLHS. In the stem cell tourism context, the
value of an scLHS should instead lie in patient involvement and knowledge dissemination. After all, the anticipated
benefit is that the direct involvement of patients will have a knock-on effect that will apprise the wider patient
community of the real benefits and challenges of stem cell science and regenerative medicine. To do so, it should
seek to mend the fracture between traveling patients and the research process.

The genesis of bone marrow transplantation
An scLHS has the potential to emulate the coming-of-age of bone marrow transplantation (BMT) – to this
day one of the most frequently used stem cell-based therapies. Relying on rodent preclinical evidence, Thomas
and colleagues began canine and human transplantation in the 1950s. They proceeded empirically and attracted
criticism as a consequence [34]. Despite initial setbacks – indeed, mortality rates in their research were relatively
high [13] – they continually refined and realigned their methods contemporaneously with medical science. Slowly,
their procedure became increasingly efficacious, forging its way into standard medical practice. Although one could
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argue that hematopoietic stem cells are different from other known stem cells (e.g., by virtue of the liquid state of
blood), it remains undeniable that BMT reduced the morbidity and mortality of many ailments. Assuredly, it was
an inflection point in medicine.

More relevant to our analysis is the fact that the methods of Thomas and colleagues had many of the hallmarks of
an LHS. In addition to publishing their results and expanding scientific knowledge [35] (communication of results),
they were continually readjusting their methods based on prior results and general science (‘adaptive’ experimental
designs). Importantly, they reconciled patient care with the pursuit of generalizable knowledge by deriving research
questions from their transplantation procedures and gradually overcoming substantive and procedural learning
curves as a result (cyclized bench-bedside knowledge flow). Unsurprisingly, Thomas attributed the growing in-
stitutional familiarity in BMT to this latter activity [36]. It was subsequently demonstrated that experience and
incremental integration of new knowledge were instrumental both in reducing mortality and economic burden of
hematopoietic stem cell transplantation [37], but also in refining patient selection [38] (incremental, but continuous
learning). Above all, a major feature of the advent of BMT was the synergistic deployment of resources toward a
common objective (aggregation of pursuits). Similarly, this basic cohesion could be a vital strength for an scLHS.

The advent of BMT can also be instructive of a few principles. Thomas’ experiments began a few years after the
Nuremberg Code was published, a decade before the Declaration of Helsinki, and three decades before the Belmont
Report was issued. To our knowledge, the Nuremberg Code, although nonbinding [39], was the only guide for human
experimentation at the time. Yet, it is widely agreed that it had little impact on medical research practices [40].
What emerges then is the notion that the regulatory environment at the time of Thomas’ experiments was more
permissive than contemporary systems. This raises the question of whether BMT would have seen the light of
day in today’s regulatory and ethical climate. While this question is impossible to answer, our position is that an
scLHS does not and should not mean deregulation. In the Nuremberg Code, which ideally should have guided
Thomas’ research, articles 3, 6 and 8 respectively provide for prior preclinical evidence; commensurability between
the risk of the intervention and the severity of the disease and proper scientific expertise as prerequisites of human
experimentation [41]. Regardless of the applicability of the Nuremberg Code at the time, these principles were all
present in BMT research. Likewise, they should be part of the ethical framework of an scLHS. Within proper
bounds, an scLHS could be a powerful catalyst for the pursuit of stem cell knowledge.

Conceptual roadmap: practical considerations for the potential implementation of a stem
cell-based learning health system
If stem cell science is to fit within an LHS framework, the first consideration is to define its scope. This inherent
restrictiveness flows from the fact that no single LHS can realistically accomplish all the goals set out in the Institute
of Medicine’s seminal paper. Indeed, of all the existing LHSs, none purports to fulfill every objective flowing from
the Institute of Medicine’s vision [42]. For example, the learn from every patient (LFEP) initiative, while undeniably
effective, was limited in scope [43]. It was designed “to systematically drive both clinical quality improvement and
reduced healthcare costs” for managing cerebral palsy in children within a single institution. Likewise, implementing
an effective scLHS will require a targeted scope. Generally, the scope of an LHS can be broken down into its focus,
objective, methodology and scale.

From this premise, we attempt to propose a conceptual roadmap for the potential implementation of an scLHS
(depicted in Figure 2).

Focus
The focus of an scLHS is to be identified early in the decision-making process. Indeed, spanning the plurality of
stem cell types, sources, to diseases and treatments [44], the field is currently too vast for a single scLHS.

For the purposes of identifying the primary focus of an LHS, stem cell type appears to be the most appropriate
basis. We make this assertion on the grounds that stem cell type – as opposed to source, disease or treatment – is
the greatest acceptable common denominator in stem cell literature. For example, a cursory search of a type of stem
cell will yield results associated with not only relevant basic or preclinical research, but also clinical applications
across the spectrum, as well as satellite research (e.g., economics/political economy, social science, etc.). In contrast,
searches based on treatment types may yield an overly narrow range, while those based on disease type would
displace stem cells out of focus, effectively defeating the purpose of an scLHS. As such, basing the focus of an
scLHS on stem cell type may capture the widest range of relevant activity. One direct benefit would be that a
greater number of stem cell experts would invest in the project and lend their expertise independently of the
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Figure 2. Conceptual framework for the potential implementation of a stem cell-based learning health system.

intended application within the LHS. Another benefit would be the acceleration of multidisciplinary exchange and
knowledge flow both within a given stem cell specialty and with the patient community. Of course, determining
that the primary point of focus should be the type of stem cell does not answer which stem cell type should be
the focus of the LHS. Nevertheless, we consider this reflection to be beyond our expertise and view the scientific
community as best placed for such an appraisal.

Objective
In the spirit of a targeted and more efficient approach, an scLHS must be guided by a specific objective. This
has been a staple of all existing LHSs. The LFEP LHS, cited above, is one such example [43]. Another LHS, in
Nova Scotia, seeks to “develop a framework for incorporating patient engagement into administrative health database
research” [45]. Although we cannot prove the causal relationship between the effectiveness of an LHS and the
specificity of its objectives, this relationship can reasonably be presumed. As a result, without any indication to the
contrary, an scLHS should obey the same principle. At the highest level of generality, the objectives of an scLHS
would fall under two overlapping, but distinct categories: to increase efficiency; or to reduce risks. As we illustrate
below, at the heart of this question lies the tension between treatment-centeredness and patient-centeredness.
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To increase efficiency (treatment-centeredness)

If the primary objective of the LHS is to increase efficiency, it follows that the analytical framework should be
treatment-centered. Plainly, efficiency unfolds into two major components: treatment efficacy and costs.

The more an LHS emphasizes efficacy, the more it exposes patients to potential risk. This was clearly the case
when Thomas and colleagues continued improving bone marrow transplantation in the face of high mortality
rates [13]. While recognizing its merits, we do not recommend this approach. Instead, a more tempered, perhaps less
risky approach would be more adequate. One such approach would be to test whether a technical change to a proven
stem cell therapy would improve its efficacy in a given or new disease (e.g., aggressiveness of pretransplantation
chemotherapy). Another approach would be to compare invasive (e.g., surgery) against noninvasive (e.g., drugs)
interventions. Moreover, the risk toward the patient could be reduced by adopting rigorous patient selection criteria.
Ultimately, the end- goal of such an scLHS would be to facilitate technical exploration of existing or novel stem
cell therapies and fill evidence gaps. Admittedly, considering the multiplicity of scientific, ethical and economic
challenges it would impose, an scLHS based on efficacy would be its most ambitious version. Still, we do not view
it as an impossible undertaking and invite concerted action from the scientific, ethical and economic communities
in both the public and private sectors.

In terms of costs, an scLHS appears well suited for medium- and long-term cost analysis and reduction. Stem
cell therapies are inherently expensive and resource-intensive. And indeed, on this basis alone, some still question
whether these therapies, even if efficacious, would be justified [46]. Should an scLHS be designed for cost-reduction,
it could emulate existing, real-life models. The LFEP LHS, as discussed above, is one such model [43]. Even to the
extent that the LFEP and the scLHS differ on specific grounds (e.g., LFEP focuses on reducing costs of standardized
care and does not involve novel therapies), they would remain sufficiently analogous on the overarching objective
of reducing the costs of otherwise expensive medical care. As such, we do not see an overriding reason to rule out a
cost-oriented scLHS.

To reduce risks (patient-centeredness)

Alternatively, if the primary objective of the LHS is to reduce risks, then patient-centeredness principles should
animate the scLHS. Stem cell therapies are procedurally risky. In addition, stem cells are pharmacokinetically
unpredictable and long-lived. This makes them prone to medical misevaluation. Within an scLHS, there exist
structural elements that could reduce risk. Among those, the capacity for centralized patient registries would be a
valuable asset. Within such a system, patient feedback would be quickly integrated into the knowledge cycle. This
feedback could in turn inform downstream issues such as treatment selection. Patient feedback could also inform
decision-making on aspects related to patient selection such as cohort discovery, recruitment range and procedure.
Encouragingly, these are only a few examples of possible objectives that could be pursued under a risk-oriented
scLHS.

A related, but no less relevant, aspect of patient-centeredness considerations are concerns of misalignment between
physician and patient outcome measurements. These mainly flow from the pressures on physicians to focus on
functional endpoints (e.g., restoration of organ function) at the exclusion of alternative endpoints. This deficit is
pronounced for patients who undergo stem cell-based treatments, and for whom functional outcome measurements
may be less meaningful than alternative outcome measurements such as quality of life improvement. For example,
while a stem cell physician treating multiple sclerosis may focus on restoration of neurological function, a patient
may be more interested in whether they are able to go to work. Unsurprisingly, the relative weights of patient and
physician outcome measurements would depend on the specific objective of the scLHS in question. However, as
the adequacy of alternative end points remains largely a scientific question, it falls beyond the scope of this article.
Nevertheless, choice of endpoint is a question that decision-makers will have to deliberate at the drawing board.

Methodology
Generally, we consider an adaptive comparative effectiveness research (CER) methodology to be best suited for
an scLHS. The pith and substance of CER is captured by the phrase ‘what works best’ [47]. In that sense, it fits
the mold of an LHS. Within the stem cell context, CER is adapted for either of the above-mentioned objectives;
namely, improving efficiency or reducing risks.

In the case of improving efficiency, CER is adapted for addressing questions comparing stem cells against drugs;
stem cells against stem cells (e.g., aggressive vs mild conditioning regimens); or more broadly, surgical against
nonsurgical care. Within an scLHS, these inquiries are proper. Indeed, many correctly wonder whether stem cell
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therapies, even if medically efficacious, would be justified on cost–effectiveness grounds. This irresolution leads
to uncertainty in treatment selection. A CER methodology would be conducive to evidence-based conclusions
about the general cost–effectiveness of stem cell-based therapies, thereby enriching the literature, whether scientific,
economic or social. In turn, this evidence could be fed back into patient care for maximizing outcomes.

In the case of reducing risks, CER is also well suited for a patient-centered scLHS. Namely, the Patient-Centered
Outcomes Research Institute has issued a methodology report for bridging CER and patient-centeredness [48].
More specifically still, the Washington-based CERTAIN initiative has shown that CER could be useful in LHSs for
addressing not only uncertainty “in treatment selection [but also] differences in desired outcomes between patients and
clinicians” [49]. Yet, as we noted in the previous section, the long-lasting and risky nature of stem cell therapies may
lead to the splintering of physician and patient outcome measurements (functional vs quality of life, respectively).
In response, CER within an scLHS could be designed for gathering evidence on procedural risks, as well as best
practices on patient selection and retention. To that end, CER could address risk by embedding patient-reported
adverse events within the scLHS’s very data analytics apparatus for active accretion of evidence [50]. The scLHS
may then leverage its information technology infrastructure to refine patient selection, recruitment and cohort
discovery [51]. Incidentally, this latter activity has been identified as an area of improvement in hematopoietic stem
cell transplantation in multiple sclerosis [52].

Scale
In terms of scale, the different levels include: single-institution; multi-institution or regional; national; or interna-
tional. Currently, however, an international scLHS is impracticable. Any potential benefit would be far outweighed
by the logistical and legal costs that it would incur. Only the first three options therefore appear viable.

In determining scale, the guiding concern is the cost of standardizing and transmitting information. In other
words, the larger the scale of the LHS, the faster data can be acquired, warehoused, processed and integrated; but at
the same time, the higher the costs for standardization, coordination and collaboration. Inversely, while a small-scale
LHS would be less expensive, costs would presumably translate into longer data aggregation and integration cycles.
Yet, against the backdrop of rising healthcare costs and stem cell tourism, stem cell science is sensitive to the timely
maximization of data and evidence. Further, due to its high technicality and costs (i.e., manufacturing and cell
processing), stem cell therapy is relatively rare and patient populations sparse [53]. On these bases, a single-institution
scLHS would be impractical. Therefore, an scLHS must at a minimum be multi-institutional. Presently, this is the
scale that we would prescribe for a pilot. Eventually, once the foundations are in place, a scale-up of this scLHS may
be considered, as was done in the US when the ImproveCareNow LHS was scaled up nationwide into PEDSnet [54].

Interestingly, the question of infrastructure, though related only tangentially to that of scale, is also relevant to
the calculus of an scLHS. Information technology (IT) infrastructure, in particular, is critical for electronic health
record support, centralized patient registries, data sharing and processing as well as encryption and decryption for
academic or medical inquiry. The PEDSnet and CancerLinQ LHSs, with patient populations of approximately 1.4
and 1 million respectively, have demonstrated the feasibility of large-scale sharing of electronic health information [54–

56]. More relevant to stem cells still is the fact that the PEDSnet IT infrastructure, as referenced above, is said to
facilitate patient selection as well as cohort discovery [51]. Undoubtedly, an scLHS would benefit greatly from similar
computational capabilities. Therefore, investing in robust IT infrastructure for an scLHS is recommended.

Concluding thoughts
In this article, we put forward the notion of an scLHS as an alternative approach to current models of clinical
translation regarding stem cells and regenerative medicine. We discussed the value of an scLHS and proposed a
framework for its potential implementation. By placing research and care on a continuum instead of watertight
silos, an scLHS enables the cohesion necessary to emulate the coming-of-age of hematopoietic stem cell transplan-
tation. The knowledge generated from medical encounters could then be fed back into the system to streamline
downstream research such as cost–effectiveness and patient selection. In addition, by directly engaging the patient,
an LHS dampens the deleterious effects associated with patient outflow, namely data drain and human costs. The
convergence of these benefits leads to continuous, systemic, professional and patient learning. To realize its promise,
an scLHS must be targeted in scope, and designed with a clear focus, objective, methodology and scale.

Ultimately, whether an scLHS approach should completely replace, complement or simply permeate the clinical
trial model is not currently clear. After all, some stem cell-based clinical trials are well-adapted to the phase model.
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The precise delineation of an scLHS must be determined from a cost–benefit assessment – something that will
require input and further discussion among stakeholders.

To conclude, it is accepted, and generally welcomed, that prevailing research ethics paradigms be animated by
the primacy of subject safety. Yet, as a matter of perspective, analysis is often centered on the drug or treatment
being tested, rather than the participant. To be clear, our intent is not to cast definitive judgement on the soundness
of this approach. But as regenerative medicine develops, we think it appropriate to ask whether the finality of
current paradigms will remain in sync with the changing nature of medicine. As Francis Moore cautioned, with
mismatched ethical standards, “one might be surprised to find that while he is protecting the individual patient, he is
exposing society to the hazard of a static rather than a dynamic medicine” [57].

Future perspective
Some issues remain before an LHS can be a reality in regenerative medicine. The ethical dimensions of the
research–care distinction come first to mind. Another issue is the question of reimbursement. More specifically,
there remains a general sense of dissatisfaction over the perceived unpreparedness of regulators vis-à-vis the high
costs of next-generation therapies such as cell and gene therapies. For instance, in Japan, the fact that patients are
expected to cover up to 30% of the costs of unproven stem cell treatments – the government bearing the rest – is
unlikely to garner praise from commentators [25]. Similarly, in Canada, the cost of Prochymal, the first approved
stem cell-based therapy [58], was slated to reach US$200,000 with no clear reimbursement policy in place [59]. In
sum, research on reimbursement policies should be, or remain, a priority.

The continued disagreement over evidentiary standards also remains a challenge for learning health systems and
stem cell translation. The EU, USA, Japan and even Canada have begun shifting evidentiary requirements for
stem cell therapies toward ‘adaptive pathways’ [19,25,60,61]. These pathways rely on alternative clinical benchmarks
such as surrogate end points and ‘real-world’ observational evidence when randomized controlled trials are deemed
unfeasible. The backlash was swift. While some denounced the fact that patients would be unduly exposed to
increased risk [19], others questioned instead the probity and validity of observational evidence in LHSs [62].

Executive summary

• Despite its promise, the development of stem cells and regenerative medicine has been slower than expected.
This phase shift between promise and reality led to an ethical debate regarding the efficiency translational
model for stem cells.

• This article suggests that a stem cell-based learning health system (scLHS) could offer a viable policy alternative to
existing models.

The case for a stem cell-based learning health system
In the stem cell context, an scLHS will be useful in at least two ways:
• An scLHS could address various inefficiencies present in traditional clinical translation pathways, as well as

emerging, alternative translational pathways.
• Stem cell tourism and loss of data

• Through centralized patient registries, promotes streamlined patient selection and recruitment through
increased awareness of clinical trial enrolment opportunities.

• By promoting patient participation, patient retention and data recirculation, it will provide a counterweight to
the paucity of stem cell data.

• By exposing patient communities to the real limits of stem cell science, will have a dissuasive effect against the
pursuit of unproven therapies.

• An scLHS has the potential to emulate the coming-of-age of hematopoietic stem cell therapy.
Conceptual roadmap: practical considerations for the implementation of a stem cell-based learning health system
As with all known LHSs, the initial scope of an scLHS should be limited in scale with a clear focus, objective and
methodology:
• Focus

• The focus of an scLHS should be based on stem cell type rather than source, disease or treatment type.
• Objectives

• Improving treatment efficiency (treatment-centeredness): cost–effectiveness research or efficacy research.
• Reducing risks (patient-centeredness): treatment selection, patient selection, patient-reported outcomes,

among others.
• Methodology: comparative effectiveness research.
• Scale: multi-institutional or regional (with plans for eventual nationwide scale-up).
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Although some stem cell therapies are more amenable to traditional standards (e.g., in knee-related treatments,
randomization and blinding are possible by treating one knee with a placebo), the determination of evidentiary
standards remains a question that must be addressed by the regenerative medicine community.
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