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Abstract

Introduction

Research in orthopaedic tissue engineering has intensified
over the last decade and new protocols continue to
emerge. The clinical translation of these new applications,
however, remains associated with a number of obstacles.
This report highlights the major issues that impede the
clinical translation of advanced tissue engineering concepts,
discusses strategies to overcome these barriers, and
examines the need to increase incentives for translational
strategies. The statements are based on presentations
and discussions held at the AO Foundation-sponsored
symposium “Where Science meets Clinics 2013” held at
the Congress Center in Davos, Switzerland, in September,
2013. The event organisers convened a diverse group
of over one hundred stakeholders involved in clinical
translation of orthopaedic tissue engineering, including
scientists, clinicians, healthcare industry professionals
and regulatory agency representatives. A major point that
emerged from the discussions was that there continues to be
a critical need for early trans-disciplinary communication
and collaboration in the development and execution of
research approaches. Equally importantly was the need
to address the shortage of sustained funding programs for
multidisciplinary teams conducting translational research.
Such detailed discussions between experts contribute
towards the development of a roadmap to more successfully
advance the clinical translation of novel tissue engineering
concepts and ultimately improve patient care in orthopaedic
and trauma surgery.

In the past century, considerable advances have been made
in the field of operative fracture management (Perren,
2008) and joint arthroplasty (Muller, 1992). Despite
these advances, major problems, such as the repair of
acute cartilage injuries, large bone defects, and annulus
fibrosus ruptures, remain in the field of orthopaedic and
trauma surgery and have been identified in previous
AO Foundation workshops. While research in the field
of regenerative medicine has intensified over the last
decade and novel tissue engineering protocols continue
to emerge, the translation of these new applications into
the clinic remains a major hurdle for the realisation of
new treatments. To address these barriers and to discuss
strategies to overcome them, the AO Foundation sponsored
the symposium “Where Science meets Clinics” that was
held in Davos, Switzerland from September 5-7, 2013.
The symposium organisers convened a diverse group of
stakeholders involved in orthopaedic tissue engineering,
including scientists, clinicians, health care industry
professionals, and regulatory agency representatives.
The final half day of the symposium was dedicated
to the discussion of the barriers impeding and strategies
for advancing the clinical translation of promising
tissue-engineering approaches. The session began with
presentations from four keynote speakers, representing
stakeholders from academia, the clinical arena, health
care industry, or regulatory authority, who presented
their views of the most significant barriers hampering
the delivery of new technologies to the patient. These
presentations were followed by a podium-led discussion
that included all symposium participants to brainstorm
on ways to overcome the major identified obstacles and
incentivise clinical translational research.
This report highlights the key messages of the
stakeholder presentations (Table 1) and includes the major
conclusions from the subsequent podium discussions
with the symposium participants. These conclusions
contribute to the overarching discussion on what is needed
to overcome existing barriers to translating research
discoveries into clinical treatments.
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Table 1. Podium members “Barriers & Strategies for Translation” session.
Member
Lennart Akerblom
Mats Brittberg
Daniel Buchbinder
Chris Evans
Jörg Goldhahn
Henning Madry
Christian Matula
Anthony Ratcliffe
Michael Schütz
Norbert Südkamp

City
Uppsala
Kungsbacka
New York
Boston
Basel
Homburg
Vienna
San Diego
Brisbane
Freiburg i. Br.

Country
Sweden
Sweden
USA
USA
Switzerland
Germany
Austria
USA
Australia
Germany

What are the Translational Barriers and How to
Overcome Them?

Stakeholder
Regulatory Agency
Clinician
Moderator / Clinician
Academic Scientist
Industry
Clinician
Clinician
Industry
Moderator / Clinician
Moderator / Clinician

in the number of clinician-scientists has already been
addressed in several excellent review articles (Ahn et al.,
2008a; Ahn et al., 2008b; Einhorn, 2006; Rosier, 2006).
At the same time, regulatory issues have become more
complex, and there is no clear road map. Funding for
purely translational work continues to be difficult, as often
the emphasis of government research funding agencies
is placed on basic research. Although industry supports
clinical research, it is often difficult to commit companies
to fund high-risk, innovative therapeutic approaches,
especially over the long term. Moreover, there is a trend
towards delaying support until a protocol has already
shown evidence of success in the clinic.
Dr. Evans concluded that strategies for successful
translation include the assembly of an interactive, critical
mass of multidisciplinary experts interested in translating
promising scientific findings, the creation of sustained
funding for translational approaches, and the promotion
of investigators through higher-degrees of academic
independence.
The subsequent podium-led discussion supported these
concepts. There was broad recognition that successful
programmes require a strong working relationship between
clinicians, scientists, and other stakeholders, and need to
maintain a thorough understanding of the clinical condition.
Finding and establishing collaborative multidisciplinary
networks remain major challenges, and are complicated
by the potentially differing needs of the stakeholders. Few
financial incentives exist to motivate basic researchers into
translational research careers, and the sustained support for
the clinician-scientist is increasingly lacking. This suggests
novel metrics for measuring academic performance may be
needed. For many complex musculoskeletal diseases, the
translation of new technologies into therapies is difficult,
slower-to-develop, and underfunded. In order to better
address these issues, the stakeholders will need to better
educate the funding agencies, policy makers, general public
and consumers, with the goal to develop policies that better
reward and increase resources for translational research
efforts. Additionally, collaborative interdisciplinary groups
should continue to be supported to study disease-focused
work such as that support provided by the AO Foundation’s
Collaborative Research Programs (CRPs).

An academic scientist’s perspective
In the first keynote lecture, Dr. Chris Evans gave insights
into an academic biologist’s perspective on research
translation in the field of gene therapy and other biological
modalities for orthopaedic conditions. He pointed out
that biological protocols, such as those for gene therapy
treatment, are much more difficult to translate than those
for drugs or devices (Evans et al., 2012). Indeed, there is
no gene therapy product yet available for an orthopaedic
condition, although research is actively addressing
gene-based therapies, particularly for the treatment of
rheumatoid and osteo- arthritis (Evans et al., 2011), bone
regeneration (Evans, 2010) and cartilage repair (Madry
and Cucchiarini, 2013).
Among the non-scientific barriers, the multi-disciplinary
nature of orthopaedic research, highly complex clinical
conditions and the multifactorial nature of the translation
process itself were viewed as major barriers for translation.
Evans argued that the traditional linear model of
research translation needs to be replaced by a supportive
“translational research environment” where all components
are in full and free communication from the beginning of
the project.
Professional incentives, such as the tolerance for
slower-to-develop transitional research programs with
fewer resulting publications, are less than that for other
basic research work, which can deliver faster results and
more publications (Büchler et al., 2011). Further, funding
these longer-term programs is more difficult with most
of the current shorter-term research contracts and grants.
This encourages many scientists to follow their natural
disposition of continually refining basic research projects,
rather than advancing findings along a translational track
(Evans et al., 2011).
Moreover, the training and incentivisation of clinicianscientists, in particular with regards to Europe and
North America, has become progressively difficult due
to increasing financial constraints of universities and
hospitals. Clinicians increasingly are required to generate
more clinical income for their departments, and the decline
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A clinician’s perspective
Dr. Mats Brittberg, in his keynote talk “Cartilage repair;
barriers and strategies for translation,” pointed out several
key issues negatively affecting translational research,
including the academic culture and lack of clinicallyrelevant animal models. The academic culture, deeply
rooted in the pursuit for basic science discoveries, often
hinders the conduct of translational research activities;
clinical trials are frequently not viewed as true academic
excellence. Moreover, academic careers in clinical
medicine are not as financially attractive, but translational
research requires these physicians. Clinician input is not
only required as a conduit from the bench to the patient, but
is also essential in the development of disease-appropriate
animal models.
In his work on articular cartilage, a tissue which has
demonstrated poor regenerative capacity (Hunziker, 2009)
and has few restorative therapies available (Brittberg,
2009), there is a clear lack of animal models that accurately
mimic the human condition (Johnstone et al., 2013). For
example, models that study the heterotopic implantation of
cartilaginous constructs in subcutaneous pockets in nude
mice have only remote relevance to a clinically apparent
knee cartilage defect (Madry et al., 2013). For highly
innovative, more clinically relevant cell-based techniques
for cartilage repair, such as autologous chondrocyte
implantation (ACI) (Brittberg et al., 1994), more complex
models are required to study the open issues of optimal
cell source and location, isolation and preparation of cells,
requisite patient age, and the nature of the repair tissue
(Johnstone et al., 2013).
Following the presentation, the discussion
underscored the need for funding agencies to better
recognise the importance of common debilitating
musculoskeletal conditions. While these conditions
may not be life threatening, they significantly influence
society economically and patients’ quality of life.
Affected individuals and clinical practitioners often
do not communicate with policy makers about their
conditions, and thus research money is often directed to
mortality-associated diseases. Solutions include improved
advocacy efforts for musculoskeletal translational research
and support for interdisciplinary clinical networks.
Additionally, industry funding is essential for conducting
clinical research studies, and ultimately for bringing novel
therapies to the market. Therefore, the interdisciplinary
teams need to include industry input early enough to help
guide the work along pathways relevant to industry.

for Testing and Materials (ASTM) and the International
Organisation for Standardisation (ISO) guidelines need
to be followed. The technical data made available by
industry collaborators can reduce possible future technical
difficulties. Products should be developed for specific
applications, rather than being developed without any clear
use in mind. A high quality functional product design is
important. Key preclinical studies that are tailored to the
final product design and include essential issues, such as
sterility or storage, need to be performed early during the
development of a technology. Finally, industry can assist
with the creation of an efficient manufacturing system and
a robust business plan. For example, outsourcing, rather
than “in-house” production may provide for greater budget
flexibility and control, enhanced product-specific expertise,
and reduced operating expenses. This is especially relevant
for small companies.
Using articular cartilage repair as an example, the
required devices are complex, and the product design
must include successful mechanical properties, biological
delivery, fixation of the device in situ, and generalisability
to multiple joints. Successful products will need to be
manufactured reproducibly in large quantities and be of
high and consistent quality. A variety of tissue engineering
products are already on the market, with 89 on-going
articular cartilage repair trials, 20 of which involve cellbased therapies. The field is thus becoming crowded,
raising concerns about market share and commercial
success. The theoretical market size, addressing the
older and active population, is projected to be 50-500
million USD (Communication from Anthony Ratcliffe
and FDA estimates –http://www.fda.gov/downloads/
advisorycommittees/committeesmeetingmaterials/
bloodvaccinesandotherbiologics/
cellulartissueandgenetherapiesadvisorycommittee/
ucm170068.ppt).
The podium-based discussion emphasised the need
to synergise communication between basic researchers,
clinicians, and industry professionals, although individuals’
needs, motivations, and research questions may differ. From
an industry perspective, collaborations with academia can
be very beneficial, particularly when collaborations involve
multi-disciplinary teams of scientists and clinicians.
Further, industry tends to acquire technologies when
market opportunities outweigh the costs of the investments.
There is a need to educate industry on evolving clinical
treatments. The symposium attendees also recognised that
the working opportunities for scientists in industry are
increasingly perceived to be highly attractive.

An industry’s perspective
Dr. Anthony Ratcliffe provided a broad overview of the
health care industry’s perspective on research translation.
To have a true clinical impact, potential products must be
both therapeutically effective and commercially successful.
A careful market assessment is essential for new products,
and the inclusion of industry partners is important
to maintain realistic direction for potential products.
Ultimately, an industrial product manager oversees
the entire production pathway, and the manufacturing
process has to be validated and the American Society

A regulatory agencies’ perspective
Dr. Lennart Åkerblom presented a talk entitled “Regulatory
perspectives on the translation of chondrocyte implantation
products”. By definition [European Medicines Agency
(EMA) and its committee for advanced therapies (CAT)],
therapies that include gene therapy medicinal products,
somatic cell therapy medicinal products and tissueengineered products – termed ATMP – are at the cutting
edge of innovation and offer a major promise in the
treatment of musculoskeletal diseases (Schneider et al.,
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and coordinate inter-agency regulatory agreements. This
would greatly assist in removing some of the barriers.
From a regulatory perspective, agencies frequently are
approached and engaged late in the product development
process, which is not ideal. Investigators should approach
their regulatory agencies early and often, and put a
stronger focus on collaborating with these agencies when
designing their studies. Investigators should summarise
and document their meetings with their regulatory agencies
and engage additional experts as needed.

2010). When an ATMP is combined with one or more
medical devices, such as scaffolds or implants, it is called
“a combined ATMP”.
The regulation of combined ATMPs is a very complex
process, and approval for these products represents a
major hurdle, as these products must satisfy both the
medical device and ATMP pathways. A primary concern
of the regulatory agencies is that the clinical benefits
of any new technology needs to outweigh any potential
health risks associated with a treatment. The role of a
regulatory agency primarily is to protect patients, and not
to bring new technologies to market as quickly as possible.
With respect to clinical trials, a clearly defined disease
indication, target population, and optimal disease stage
for successful treatment are important considerations.
Moreover, appropriate control populations and accurate
clinical end-points need to be defined. From a regulatory
agency’s perspective, clinical effectiveness may or may
not correlate with product potency. Potency assays need
to be based on the intended biological effect, and potential
risks that need to be evaluated include contamination,
tumorigenicity, dedifferentiation, immunogenicity and
ectopic engraftment.
Trials with preclinical large animal models are
mandatory to obtain market approval, although it is clear that
no animal model accurately mimics the human condition.
In addition, multiple randomised controlled clinical trials
(RCTs) are required, as the sole reliance on historical data
will not satisfy the regulatory requirements. Extensive
clinical trials represent a significant financial burden for
the company developing the product. For example, for
products containing chondrocytes (approximately 15,000
patients have been treated over the past 15 years), a 3-year
follow up is necessary, although earlier time points are
acceptable if histological and MRI data are available. Taken
together, the extensive “package” of non-clinical, clinical,
and published data required to obtain market approval of
novel ATMPs requires much larger financial resources than
the registration of a medical device. These requirements are
often seen as hurdles that are extremely hard to overcome.
It is possible that in the future, a more flexible regulatory
approach based on evidence with high quality clinical data
may emerge (specifically for ACI products), as some major
companies remain reluctant to enter these markets due to
the complex regulatory requirements. Indeed, the number
of approved ATMPs is still relatively small.
Investigators frequently face a number of problems
when dealing with regulatory agencies. Amongst the
most significant of these issues is the absence of a clear
road map for bringing tissue-engineered products to
the market, which leads to the notion that the current
regulatory pathway is too complex and difficult of a barrier
to navigate. Other problems include: changing personnel
at regulatory agency leading to shifting and non-binding
opinions, lack of standards between different countries,
and the limited ability to respond to the increased demands.
All of these issues may negatively affect industry’s interest
to develop ATMPs. To reduce the complexity of these
regulations and guidelines and to facilitate compliance,
regulatory agencies should develop international standards

Conclusion
The clinical translation of novel tissue engineering
protocols and promising advanced therapies remains
associated with a number of challenges. The major issues
emerging from the discussions during this symposium
include the need to improve the collaboration and
communication between scientists, clinicians, industry
and regulatory experts, the current lack of incentives for
scientists to become involved in translation, the absence
of a defined road map to the clinic, and the continued
shortage of long-term funding for research teams involved
in translational projects. Despite these barriers, continued
progress in tissue engineering indicates that there are many
reasons for continued optimism for highly innovative
translational approaches.
To further address barriers to translational research,
additional symposia and other similar activities that foster
exchanges and networking between the diverse stakeholder
groups are essential. Education of the public and policy
leaders regarding the significant impact of musculoskeletal
conditions is also paramount to improve the long-term
funding opportunities. Finally, the multi-disciplinary
stakeholders should engage the regulatory agencies early
in the development of new technologies, as well as work
with them when possible to create improved approval
processes.
There is general consensus that a collaborative effort by
all stakeholders involved in clinical translation is required
to advance innovative tissue engineering therapies and
ultimately to improve patient care in orthopaedic and
trauma surgery.
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Discussion with Reviewers
Reviewer I: Although not highlighted as a major obstacle
by the authors, would an effort to equalise international
standards be a worthwhile step to lowering some of the
barriers?
Authors: We agree that to reduce the complexity of
regulations and guidelines and to facilitate compliance,
regulatory agencies should develop international standards
and coordinate inter-agency regulatory agreements. This
would greatly assist in removing some of the barriers.
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