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ABSTRACT

We present the findings of a study of barriers
and enabling strategies to clinical translation of
Neuro-Regenerative Medicine (Neuro-RM) tech-
nologies in India. Twenty-three people were in-
cluded in this qualitative study, including re-
searchers, clinicians, firm representatives and
policy makers working in Neuro-RM. The study
has identified barriers that may arise at each
stage of translation and how these are being ad-
dressed. Understanding of the molecular and
cellular basis of Neuro-RM is being supported
through government investment in existing neu-
roscience centres and the creation of new cen-
tres with regenerative medicine expertise. Cli-
nical trials benefit from the support of clinicians
who partner with researchers in study design
and data collection. Government agencies have
developed guidelines to inform best practices in
preclinical and clinical studies. Addressing the
barriers to Neuro-RM translation identified in
this study can be achieved through continued
support for capacity building and priority setting
in preclinical studies, international efforts to
achieve clinical trial protocol standardization,
and multidisciplinary collaborations between cli-
nicians, researchers, government and industry.

Keywords: Regenerative Medicine; Translational

Research; Stem Cell Policy; Indian Biotechnology;
Neuro-Regeneration

1. INTRODUCTION

We present here the findings of a study of barriers and
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enabling strategies to clinical translation of neuro-re-
generative medicine technologies in India. India was
chosen as the country of study as it is one of the first to
move towards clinical translation in this field [1]. Fur-
thermore, the burden of neuro-degenerative conditions is
rising rapidly in India according to a review of existing
neuro-epidemiological reports [2] (Table 1). Neuro-Re-
generative Medicine (Neuro-RM) refers to the applica-
tion of regenerative medicine approaches, such as stem
cell technologies; tissue engineering and gene therapy to
nervous system disorders to slow or reverse the deterio-
ration associated with debilitating neurodegenerative
disorders [3]. Clinical translation refers to the application
of research discoveries from the laboratory to patient
care or as part of human studies [4]. Regional studies on
the prevalence of certain neurodegenerative disorders [5],
when extrapolated to the total population suggest that the
number of people living with stroke, peripheral neuropa-
thy or Parkinson’s Disease is 1.76 million, 1.50 million
and 3.87 million respectively. Globally, The World
Health Organization anticipates that the number of per-
sons living with Alzheimer’s and other dementias, Park-
inson’s disease or neurological injuries will rise by
46.7%, 12.3% and 15.9% by 2030 [6]. Disorders of the
peripheral and central nervous system (including the op-
tic nerve) are included in this study. Previous research
has identified an emerging regenerative medicine sector
in India for conditions such as cardiovascular disease and
diabetes [7]. What had not yet been studied is how the
translation of Neuro-RM technologies in India is taking
place. In this study we identify challenges, and strategies
that support, clinical translation of Neuro-RM technolo-
gies; we believe the findings may be helpful in the trans-
lation of regenerative medicine more broadly, in India
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Table 1. Epidemiology of neurodegenerative disease per 1000 persons within India 1987-2004.

Gouri-Devi Bharucha Kapoor Razdan Das Gouri-Devi
1987 1987 1989 1994 1996 2004
Epilepsy 4.63 4.7 4,02 2.47 3.05 8.83
Headache 1.73 N/A 16.95 N/A 18.58 11.19
Stroke 0.52 17.6 0.88 143 1.26 1.50
Me”g‘;rzgﬁgid;‘;:g; and 163 2.4 1.09 33 0.64 1.42
Parkinson’s Disease 0.07 7.1 N/A 14 0.16 0.33
Peripheral Neuropathy 0.52 015.2 N/A 2.99 0.74 1.28

Post Poliomyelitis 0.92 N/A 4.95 2.18 0.55 1.1

Source: Gourie-Devi M. Organization of neurology services in India: Unmet needs and the way forward. Neurol.India 2008/1/1; 56(1): 4-12.

and in other countries. A qualitative case study was con-
ducted with four groups of stakeholders: Clinicians, re-
searchers, representatives of private firms, and govern-
ment representatives to identify barriers to translation
and the strategies being used to overcome them. Here we
present the findings of our study, implications for the
field, and considerations for future direction in India’s
emerging Neuro-RM sector.

2. METHODOLOGY

A qualitative case study approach was used to study
the barriers and strategies that impact clinical translation
of neuro-regenerative medicine in India. Twenty-three
face-to-face interviews were undertaken with key experts
in this field. Persons of interest were identified through a
search of publication databases including PubMed, Web
of Knowledge, Web of Science, Medline and Scholar’s
Portal. Three search criteria were cross-referenced for the
search: 1) type of technology, 2) condition studied, 3) lo-
cation of study. Participants also referred colleagues with
expertise in this field that were also interviewed. Data
was supplemented with secondary data sources including
mission statements, annual reports and regulations on re-
generative medicine development from the Indian Coun-
cil of Medical Research and Department of Biotechnol-
ogy. In order to obtain a well-rounded understanding of
Neuro-RM translation, a diverse range of stakeholders
(scientists, clinicians, government representatives and
private firms representatives) were interviewed. Several
interviewees bridged more than one category of stake-
holder type; for example, one interviewee was working
as both a clinician and a scientist (Table 2). The inclu-
sion of a stakeholder in each group reflects the partici-
pant’s work experience and self-identification as a scien-

tist, clinician, policy maker and/or private firm employee.

One semi-structured, open-ended interview guide was
developed by incorporating questions querying basic re-
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Table 2. Number of experts interviewed in each organization
type.

Type of Organization Number
Scientist 9
Clinician 8

Policy Maker/Reviewer 13
Private Firm 15

search, clinical research, and policy facets of translation.
Each interviewee was primarily asked questions pertain-
ing to their own work and experience.

All interviews were transcribed and verified, then
coded using Atlas-Ti version 5.2, a qualitative data ana-
lysis software package. Field notes were similarly coded,
using the same steps as interview transcripts. The analy-
sis was verified through triangulation with existing lit-
erature and member checks with participants upon com-
pletion of fieldwork. All participants received informa-
tion about the project in advance and completed in-
formed consent forms before starting the interview. The
University of Toronto Health Sciences Il Research Ethics
Board approved the study.

3. RESULTS

3.1. The Role of Researchers in Clinical
Translation

We found that clinicians and researchers consider it
important to set research goals with clinical endpoints in
mind [8-10]. According to the International Society for
Stem Cell Research—Guidelines for the Clinical Trans-
lation of Stem Cells [11]:

The purpose of preclinical studies is to (a) provide
evidence of product safety and (b) establish proof-of-
principle for the desired therapeutic effect. Before initia-
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tion of clinical studies with stem cells in humans, per-
suasive evidence in an appropriate in vitro and/or animal
model must support the likelihood of a relevant positive
clinical outcome.

Indian agencies such as the Department of Biotech-
nology and its Centres of Excellence Program [12] sup-
port multidisciplinary centres that have clinical and re-
search departments to focus preclinical studies on poten-
tial therapeutics. According to one statement from the
department [13]:

In order to formulate road map in the area of stem cell
research, a series of disease specific meetings were or-
ganized. Based on the consensus, road map for stem cell
research has been categorized into basic research, trans-
lational research; human resource development; creation
of infrastructure facilities; establishment of Centre of Ex-
cellence, etc.

We identified a number of neuroregenerative research
studies that may inform clinical research. These include a
study at the National Institute of Mental Health and Neu-
rosciences that is investigating the differentiation and
survival of implanted neuro-stem cells in rat models [14].
Recently completed stem cell research facilities at the All
India Institute of Medical Sciences encompass groups
researching bone marrow derived pluripotent cells for
peripheral nerve repair in adult rats. That centre is also
investigating bone marrow stromal cell transplantation
and magnetic stimulation in sensory motor recovery in
rat models of spinal cord injury [15]. At the National
Centre for Biological Sciences, scientists are examining
the role of serotonin on the protection and proliferation
of embryonic neural stem cell populations, while at the
Rajiv Ghandi Centre for Biotechnology, scientists have
generated transgenic embryonic stem cells for studies on
rat models of epilepsy. Each of these studies was de-
signed with a focus on future clinical treatments in mind.
Most researchers interviewed in this study believe an
understanding of basic science of neurodegeneration and
neuro-regenerative approaches is critical before moving
into clinical research. As one participant in the study
noted:

We have to have basic science research institutes too
because it was recognized that brain, by itself, brain was
and (is) going to be a black box for quite a number of
years... if you wanted to have effective treatment for any
of these complex neurological illnesses you have to un-
derstand more about the biology.

3.2. Initiating Clinical Studies: Physicians’
Role in Translation

Clinicians are collaborating with researchers in devel-
oping clinical studies and generating early neuroregen-
erative therapies. Physicians interviewed in this study are
applying clinical knowledge to generate protocols, de-
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sign robust clinical studies and perform clinical follow
up with human subjects of the research. We interviewed
scientists with the Nichi-In Centre for Regenerative Me-
dicine (Nichi-In) in Chennai, India and their three col-
laborating physicians from two different health centres.
In this collaboration, each clinician receives autologous
stem cells for spinal cord injury patients and is responsi-
ble for administration and follow-up with the patient.
Clinicians are located in multidisciplinary institutions
that have both clinical and research departments. Exam-
ples include the National Institute of Mental Health and
Neurosciences, Lakshmi Varaprasad Eye Institute (LV-
PEI) and Stempeutics based at Manipal University and
Manipal hospital. This arrangement facilitates discussion
and collaboration, and transitions technologies from the
bench into the clinical setting.

Our study participants reported that there is limited
opportunity for partnering between clinical trial leaders.
One reported barrier was the difference in protocols be-
tween studies concerning patient selection criteria and
ones concerning administration procedures. Despite the
reported lack of collaboration, participants believe that
these collaborations would be important in clinical trans-
lation of Neuro-RM, as pooling data from multiple
sources would allow for standardization of good prac-
tices. Physicians interviewed in this study reported two
barriers to clinical translation: patient follow-up and out-
come measurement. Physicians report that many patients
seeking Neuro-RM treatment travel from rural towns,
sometimes travelling several days; as such, some of these
patients do not return for follow up. Additionally, eco-
nomic constraints and lack of family support also hinder
access.

You have... patients coming from the Northeast and
they travel for 2 days before they get here and you know,
there is no follow up possible there.

For patients who live right next door to the hospital
who are still not coming in for follow up, it’s [an] atti-
tude thing, it’s an absence of awareness, you know, and
the people in the family who are working, there’s nobody
who is available to bring the patient to the hospital.

Furthermore, when assessing patient outcomes, clini-
cians reported limited access to equipment, lack of pa-
tient compliance and insufficient funding for long-term
assessment. This limits the amount of quantitative data
coming out of early Neuro-RM studies. Consequently,
clinicians face skepticism from researchers in the West
surrounding Neuro-RM clinical studies in India.

We say that we would be happy if you have evoked po-
tentials, somatosensory potentials, neuro-conduction
studies, urodynamic studies to look at how the bladder
function happens. But the vast majority of these patients,
these patients don’t get them done... and they don’t do
it... So what we are left with is, just looking at subjective
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improvements of patients.

Anyone who is asking me, why do you say this patient
has improved and the answer is, I could tell them that the
patient says that he has improved and there is nothing
more that | can tell them. So, no journal will accept that.
So yes, there is a science to it but we are unable to do the
science the way it should be done because of a lot of
factors, patient compliance being one of the factors.

3.3. Commercial Development in Neuro-RM:
Private Firms’ Role in Translation

What is presented here is a sampling of the products in
the pipeline. Three firms were identified, through online
resources, government documentation such as ICMR
submissions and referrals from study participants. Stem-
peutics and Reliance Life Sciences have already devel-
oped a commercial product. The Nichi-In Centre for Re-
generative Medicine offers cell culture services and has
commercialized the process of generating autologous
stem cells for patient use. Two commercialized products
from Stempeutics and Reliance Life Sciences are de-
scribed below. These examples illustrate the types of
commercial products that are coming to market now and
the regulatory approvals that were needed to move for-
ward.

3.3.1. Stempeutics

Stempeutics has completed pre-clinical studies for the
use of human bone marrow-derived ex vivo cultured
adult Mesenchymal stem cells in allogenic settings. With
approval of the Drug Controller General of India (DCGI)
and Indian Council of Medical Research (ICMR), they
have completed multi-centric phase 1/I1 combined double
blind randomized allogenic clinical trials on acute myo-
cardial infarction and critical limb ischemia. Stempeutics
recently published results of a clinical study on autolo-
gous bone marrow-derived Mesenchymal stem cell trans-
plantation in Parkinson’s disease. Following data collec-
tion, Stempeutics announced plans to collaborate with
Cipla, an Indian pharmaceutical firm, to market stem cell
therapies for critical limb ischemia [16].

3.3.2. ReliNethra®

ReliNethra® is an autologous bio-engineered compos-
ite limbal epithelial cell graft for corneal disorders. This
product is marketed to treat conditions including chemi-
cal burns and mechanical injuries to cornea. Autologous
human limbal epithelial cells are cultured on human am-
niotic membrane. The extracellular carrier matrix is pre-
pared by Reliance Life Sciences and they undertake cell
culturing as well. The kit provides clinicians human am-
niotic membrane with cultured autologous limbal cells
grown from limbal explants. The firm has obtained ap-
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proval from the Drug Controller General of India and
Food and Drug Administration to commercialize this
product. It has also been patented with the World Intel-
lectual Property Organization [17].

3.4. Government Agencies and Their Role in
Translation

3.4.1. Fostering Translation through Support for
Preclinical Neuro-RM Research

Financial support for basic research is usually obtained
from The Indian Council of Medical Research (ICMR),
the Department of Science and Technology (DST), De-
partment of Biotechnology (DBT) and the Council of
Scientific and Industrial Research (CSIR). The govern-
ment funds preclinical research through grants to re-
search groups and through investment in the creation of
research centres focused on regenerative medicine inno-
vation. Our interviewees seemed to appreciate these fun-
ding sources:

So like that, we have various funding agencies like
ICMR, DST, Department of Science and Technology,
CSIR... now it is easy for us to get grants, see if you sub-
mit a proposal and the proposal is convincing enough,
we definitely get a lot of funding from Indian agencies.

The DBT allocated Indian rupees (INR) 53.4 million
(CAN $1.15 million) for stem cell research in 2009-2010
[15]. This funding was directed towards several research
institutions in order to develop isolation, expansion and
storage protocols for adult stem cells. DBT allocates
funds to create new labs focused on RM research, which
house Neuro-RM projects. One example of this is the
creation of a Stem Cell Facility within the All Indian In-
stitute of Medical Sciences (AIIMS) in 2005 [18]. Cur-
rently, both the DBT and the Indian Council of Medical
Research (ICMR) support projects therein. The Depart-
ment of Science and Technology funds the generation of
new facilities such as the stem cell facilities at the Chris-
tian Medical College in Vellore in India [19]. Emerging
centres are equipped to connect scientists and clinicians
in translating research into clinical trials. Furthermore,
targeting funding for regenerative medicine supports new
scientists entering into the field.

3.4.2. Established Guidelines and Their Role in
Catylizing Translation

The ICMR Guidelines for Stem Cell Research and
Therapy provide researchers and clinicians with recom-
mendations for conducting research and clinical studies
using stem cells [20]. These guidelines inform the de-
velopment of research protocols and assist researchers in
transitioning into trials. They indicate what types of re-
search are permitted and which are prohibited. Stem cell
research is grouped into three categories: permissive, re-
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stricted and prohibited. For example, any research related
to reproductive cloning or human germ line genetic en-
gineering is prohibited; creation of a human zygote by in
vitro fertilization is restricted however, in vitro studies on
established cell lines are permitted. Each category im-
poses different requirements on researchers. This can in-
form what types of research move forward and they fa-
cilitate government approval when a study is ready for
clinical research.

The Guidelines recommend the formation of a Na-
tional Apex Committee for Stem Cell Research and The-
rapy (NAC-SCRT) to review all stem cell protocols wi-
thin the country. Stem cell research institutions must
form an Institutional Committee for Stem Cell Review.
However, during the period of this study a national com-
mittee for stem cell review had not been assembled to
enforce these regulations. Currently, government re-
search funding awards require recipients to follow estab-
lished good practice ensuring adherence to the guideline
until they are legislated.

So you know, on the one hand you can have a lot of
regulations, on the other hand you can have, some iso-
lated places... there may be some unscrupulous practices,
say with the stem cells and since it is a huge country,
very difficult to govern each and every person but at
least the institutions that receives a government grant,
can regulate them.

A key finding is that the challenges in enforcing the
guidelines allow some facilities to offer therapies that
have not been peer reviewed. Similarly an absence of a
central registry and a reporting mechanism means that
unsuccessful findings are not published or publicized.

Half of the people do it though it is unregulated, but
it’s still not unlawful and until it’s made unlawful, they
won’t stop.

Yeah, the whole thing, everyone you know is, | call it
closet research, everybody’s doing it in secret. Doesn’t
make sense, research is not meant for that, research has
got to be shared, got to be open and nobody wants to talk
about what they are doing...

Challenges in data collection and barriers to data sha-
ring will prevent future studies from learning from cur-
rent research. Addressing these and other barriers men-
tioned here barriers would require systemic changes that
include implementation of extant guideline and regula-
tions, appropriate legislative interventions, promotion of
transparency and accountability, and promotion of data
sharing amongst researchers in this field.

4. DISCUSSION

Based on our analysis, translation of Neuro-RM in In-
dia moves forward through the following four mecha-
nisms.
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4.1. Capacity Building through Expansion
of Existing Research Facilities

Basic research progresses when researchers and clini-
cians adapt existing infrastructure (facilities, human ca-
pital, funding opportunities) to emerging Neuro-RM stu-
dies. Previous work has shown that India is building ca-
pacity in regenerative medicine to address local health
needs through investments in existing research institu-
tions. Neuro-RM translation follows this trend as re-
searchers branch into this field from related projects in
regenerative medicine and neuroscience. Criteria such as
detail of the anticipated study, adherence to ICMR guide-
lines and existing expertise in related fields (Neurosci-
ence or Stem Cell research) may inform what institutions
receive funds. Existing grants such as the DBT Centre’s
of Excellence Program have criteria for identifying emer-
ging centres of Neuro-RM translation. Nations can also
allocate funds to adapt existing technology to what is
required for Neuro-RM studies. Translation is also taking
place in new facilities that are added to existing institu-
tions. Stem Cell Facilities at the All India Institute of
Medical Sciences and Christian Medical College exem-
plify this approach.

Other countries may benefit from some of the positive
approaches India has taken to stimulate Neuro-RM and
foster translation. The first task is to identify the current
state of regenerative medicine as a whole within a coun-
try and to determine possible applications of Neuro-RM
to treat neurological disorders. Our study suggests that
countries aiming to begin clinical translation of Neuro-
RM technologies would benefit from reviewing any ex-
isting research infrastructure and funding opportunities
that could be adapted for novel use as well at the onset of
developing a Neuro-RM translation strategy.

4.2. Concensus Building Is Important in
Setting Preclinical Research Goals

Setting research objectives at the national level may
standardize good research practices and can set a national
research agenda. In India, stakeholders working with
stem cells reported varying techniques for isolating, cul-
turing and transplanting stem cells in clinical studies.
The reported lack of publication of unsuccessful studies
hinders the discovery of effective strategies, which pre-
sents a barrier to clinical translation in the country. In
other nations, consensus-building initiatives for stem cell
research have helped scientists in setting research priori-
ties. For instance, the European Society of Cardiology
assembled a task force to [21] to investigate the current
state of progenitor/stem cell therapy in the treatment of
cardiovascular disease. In 2010, the International Mes-
enchymal Stem Cell Therapy (MSCT) Study Group pub-
lished findings of a consensus meeting to share evidence
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concerning the use of stem cells to treat multiple sclero-
sis [22]. A harmonized national policy can unify resear-
chers by recommending required research and allocating
funds accordingly.

4.3. Standardization of Outcome Measures
in Clinical Trials

Clinical trials that rely on qualitative outcome meas-
ures are met with skepticism according to clinicians in-
terviewed in this study. However, neurodegenerative dis-
eases cause symptoms that can be both quantitatively and
qualitatively measured. Changes in patient perception of
pain and movement are important in assessing the suc-
cess of clinical interventions in the nervous system. Lim-
ited funding and equipment, as well as poor patient fol-
low-up are the primary barriers to obtaining qualitative
data. Qualitative trials with negative outcomes are pub-
lished less than those with positive outcomes [23].
Neuro-RM clinicians facing these challenges either have
their studies rejected or report that colleagues with un-
successful trial results are not publishing findings. Nev-
ertheless, qualitative measurements are being used in-
creasingly in clinical trials, as physicians place more im-
portance on reported experiences of patients. One exam-
ple is the Patient-Reported Outcomes Measure Informa-
tion System (PROMIS) initiative developed by the Na-
tional Institutes of Health [24]. This scale combines pa-
tient reported outcomes with quantitative measures for
trials. Clinical trials for neurodegenerative diseases are
following this trend. Studies on qualitative outcome mea-
sures in dementia show the importance of understanding
patient experiences and perceived changes during clinical
trials [25-27]. However, quantitative data in conjunction
with qualitative findings may facilitate knowledge dis-
semination and collaboration development nationally and
internationally. This may ensure findings from one centre
can be compared with studies from other institutions.
Funding for equipment needed to perform quantitative
measures and patient transportation should be incorpo-
rated into clinical study submissions.

Improving post-intervention observation is critical in
determining the safety and efficacy of Neuro-RM. Loss
of patients from studies is a recurring challenge in clini-
cal studies [28,29]. In this study we found that research
and clinical activities are located in large urban centres,
so study participants are travelling great distances to re-
ceive initial treatments but fail to return for observation.
It is recommended that measures be implemented (e.g.
selection criteria) to select for patients who are able to
complete studies, who have access to transportation for
regular treatment, or can be provided with transportation,
and who are informed of all responsibilities before en-
rollment. Access to treatment raises ethical questions.
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Those most in need of treatment are frequently the most
difficult to reach for clinical trials and risk being further
marginalized if they cannot enter studies. Exploration of
this dilemma in future research may be needed as clinical
translation moves forward.

4.4. Supports for Collaborations to Catalyze
Neuro-RM Translation

This study has looked at collaborations at each stage
of Neuro-RM translation and has determined the impact
of each in moving research forward. National and inter-
national collaboration between scientists generates new
projects, and nurtures the expansion of current studies
into Neuro-RM research. Collaborations generate new
knowledge and build capacity in an emerging field [30,
31]. Likewise, research on international collaborations
concerning health biotechnologies has shown that col-
laborations benefit developing world partners by provid-
ing strategic regulatory, financial and scientific knowl-
edge [32]. This study has identified areas where collabo-
rations are promoting translation and presents instances
where no collaboration is taking place, which slows cli-
nical translation. The following are key points concern-
ing collaboration in translation of Neuro-RM:

e Physician-researcher collaborations are critical when
conducting clinical trials;

e Limited clinician-clinician collaborations hinder pro-
tocol development;

e Government intervention is important in establishing
collaborations between stakeholders.
Clinician-researcher collaborations can be developed

through the creation of research centres with embedded

clinical departments. Alternatively, the expansion of cli-
nical departments within research institutions will con-
nect stakeholders and foster translation. Interaction be-
tween clinicians and regulators, including networking
events, may promote standardization and harmonization
of practices. Additionally, support and oversight from the
government for multi-hospital clinical trials would con-
nect principle investigators and facilitate collaboration.

One example of this is the Canadian Networks of Centres

of Excellence Program, which has three objectives ac-

cording to a 2009 evaluation report by the Government

of Canada [33]:

e Facilitate the creation of networks on a national and
an international level;

e Support networking activities among well-established
researchers or research teams to encourage them to
develop new collaborations with receptor communi-
ties;

e Respond to the needs of both researchers and receptor
communities for interaction, collaboration, and net-
working.
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5. CONCLUSION

India is moving forward in this area by building on
existing resources. This is reflected in the development
of commercial products and reported clinical trials. Com-
munication between clinicians, scientists and govern-
ment agencies is integral to generating new ideas, trans-
lating discoveries into clinical trials and ensuring that
good practices are followed. Enforcement of guidelines
through grants ensures good practices are followed.
However, the enactment of guidelines into law is needed
to ensure all institutions will follow accepted practices.
Neurodegenerative diseases are a distinct category of dis-
orders that can impact mobility, cognition and vision. Ac-
cordingly, treatments for these conditions are currently in
high demand as reflected by the emergence of stem cell
tourism. Regarding the phenomenon of medical tourism
for neuroregenerative trials, representatives of one firm
offering treatment to international patients did not wish
to be interviewed for our study; and none of the stake-
holders in this study recruited patients from overseas for
treatment. Over the course of this study, clinicians, scien-
tists, policy makers and private firms all agreed that such
practices are unethical and further study on the state of
medical tourism in this field is recommended. It is hoped
that this study fosters discussion of the current state of
Neuro-RM translation in India and globally.
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