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In September 2011, PharmaVOICE ran an article on the 
promise of regenerative medicine. Since then, we’ve discussed 
how regenerative and cell therapies have the potential to save 
lives and improve quality of life. Here we take a deeper look 
at regenerative medicine, the developments that have been 
made, and the barriers that persist.

egenerative medicine could com-
pletely shake up the way diseases are 
treated. According to Reportlinker, 

the regenerative medicine market will reach 
an estimated $50.55 billion by 2025 thanks to 
the rapid growth of stem cell and gene therapy 
in developed markets. 

Scott Bruder, M.D., Ph.D., founder and 
CEO of Bruder Consulting and Venture 
Group, describes regenerative medicine as 
therapeutic intervention aimed at the repair, 
replacement, and restoration of normally func-
tioning tissue that has either been damaged, 
injured, or diseased through degenerative or 
traumatic processes.  

Dr. Bruder says the ability to achieve 
tissue repair depends on a combination of 
three elements: the cells responsible for syn-
thesizing new tissue; the scaffold material or 
matrix upon which those endogenous resident 
cells or exogenously delivered cells exert their 
influence in the formation of new tissue; and 
signal molecules, which instruct those cells 
what to do. 

“There are examples of products that are 
based on one or more of these three ingredi-
ents,” he says.  “For example, a regenerative 
medicine product may consist of just the 
matrix, such as a collagen scaffold that looks 
like a sponge; it could be granules of a ceramic 
in the setting of orthopedics, or it could be 
a membrane. In some cases, those sponges or 
membranes may be pre-seeded with cells, for 
example, in the setting of cartilage repair or in 
the setting of bone repair.”

There is some skepticism about the use of 
a single stem cell, growth factor, or scaffold 
to achieve a complex function. According to 
Denver Lough, M.D., Ph.D., chairman, pres-
ident, and CEO of PolarityTE, tissue engi-

neering does not lead to true, fully functional 
tissue regeneration. 

“As we learn more about things we once 
thought were disposable, such as bacteria, cell 
waste, and cell destruction, we slowly begin to 
realize their importance in complex systems, 
such as the microbiome, metabolomics, and 
autophagy systems,” Dr. Lough says. “It is 
all part of the interactome that drives inte-
grated complex systems and subsequently the 
regeneration and neo-generation of tissues. 
Once we accept this and spend more time 
evaluating the global processes of tissues and 
cells, rather than hoping a single gene or drug 
will regenerate a finger, we will truly begin to 
develop real, tangible regenerative medicine 
therapies.”

While Federico Mingozzi, Ph.D., chief 
scientific officer at Spark Therapeutics, agrees 
there are still limitations that need to be 
addressed, regenerative medicine has gone 
beyond a concept to being a clinical reality in 
areas such as hemophilia, congenital blindness, 
spinal muscular atrophy, and forms of primary 
immunodeficiency. 

“With the first generation of gene thera-
pies, issues related to both safety and efficacy 
were encountered in human trials; most of 
these limitations seem to have been addressed 
leading to a renaissance in the field,” Dr. Min-
gozzi says. 

Cell Values 

There are three different types of stem 
cells: adult stem cells, embryonic (or pluripo-
tent) stem cells, and induced pluripotent stem 
cells (iPSCs). Stem cell transplants are either 
autologous, meaning they are harvested from 
the patient, or allogenic, meaning they come 
from a donor. 

“The use of allogenic cells lends itself more 
to the pharmaceutical model because compa-
nies can create large lots, quality control and 
cryopreserve them and employ pharmaceutical 
standards to prepare single dose vials that are 
ready for delivery,” Dr. Bruder says. “This 
allows companies to substantially increase 
the scale of manufacturing and subsequently 
reduce the cost of goods.”

REGENERATIVE 
MEDICINE:  

The Dawn of a 
New Age of 

Biology
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Eugene Brandon, Ph.D., senior 
director of strategic relations and 
communications at ViaCyte, says 
the ability to harness the potential 
of pluripotent stem cells, including 
embryonic stem cells, has opened 
countless possibilities. Stem cells 
are now being differentiated into 
retinal cells for macular degenera-
tion-related blindness, neural cells 
for spinal cord injury and ALS, 
dopaminergic neurons for Parkin-
son’s disease, cardiac cells for heart 
failure, and hematopoietic cells for 
cancer and transplantation. In the 
field of diabetes, which is where 
ViaCyte is working, the focus is on 
stem-cell derived pancreatic endocrine cells, 
including insulin-producing beta cells.

Dr. Lough maintains the unmet promise 
of regenerative medicine requires a new par-
adigm, and says PolarityTE is simplifying 
regeneration, allowing cells to function in 
a more biologically sound manner with the 
company’s platform technology to develop a 
pipeline of functionally polarized, hierarchi-
cally organized regenerative tissue products 
derived from a patient’s own healthy tissue.

He adds that the recent recognition by the 
scientific field of key and fundamental realities 
such as the importance and necessity of the 
interstitium, microbiome, metabolomics and 
how they orchestrate, design, and command 
much of the interactome — which drives not 
just the regeneration of complex tissue sys-
tems, but essentially the foundation of life — 
is bringing the industry closer to significant 
breakthroughs.

The industry’s scientific understanding has 
advanced significantly regarding the aging 
process, the interplay between health and dis-
ease, and how stem cells factor in, says Osman 
Kibar, Ph.D., CEO of Samumed. Translating 
this underlying science into regenerative drugs 

in the form of stem cell therapies continues to 
prove challenging from a technical, regulatory, 
and commercial perspective. 

Samumed’s approach has been to target the 
fundamental molecular processes regarding 
tissue health. 

“We primarily focus on the Wnt signaling 
Pathway, a developmental pathway that regu-
lates stem cell proliferation and differentiation, 
and is a key player in restoring and maintain-
ing tissue health, using the innate stem cells 
embedded throughout our bodies,” he says. 

Ralph Kern, M.D., chief medical officer 
and chief operating officer at BrainStorm Cell 
Therapeutics, says the ability to produce large 
quantities of high-quality cells through tissue 
and cell engineering of small harvested cell 
samples and the ability to cryopreserve the 
cell products allows for repeated dosing of cell 
therapies in chronic disease without the need 
for additional cell harvesting, which greatly 
reduces the patient burden.

The American Society of Clinical Oncol-
ogy (ASCO) recognized CAR-T as the 2018 
Advance of the Year after demonstration that 
autologous cell products can be industrialized 
to create high-value, approvable therapies. 

Market Potential

Spark Therapeutics is one of the few gene 
therapy companies to have an approved prod-
uct, Luxturna, for patients with an inherited 
retinal disease that can lead to blindness. The 
company is developing other therapies based 
on gene transfer with adeno-associated virus 
(AAV) vectors for inherited retinal diseases, 
CNS disorders, and a number of indications for 
which the liver is targeted with AAV vectors.

“Currently, aside from our work on in-
herited retinal diseases, we are working on 
treatments for hemophilia and lysosomal stor-
age diseases,” Dr. Mingozzi says. “We’re also 
working on neurodegenerative diseases.”

Regenerative Medicine 
Advocacy Organization ARM 
Provides Industry Support

With an objective to advocate for the field 

of regenerative medicine, the Alliance 

for Regenerative Medicine (ARM) fosters 

research, development, investment, and 

commercialization of transformational 

treatments and cures for patients 

worldwide. By leveraging the expertise of 

its membership, ARM empowers multiple 

stakeholders to promote legislative, 

regulatory, and public understanding of, 

and support for, this expanding field.

Eugene Brandon, Ph.D., senior director 

of strategic relations and communications 

at ViaCyte, says ARM provides policy 

development and promotion, logistical, 

communications and education, and 

other support for companies, patient 

organizations, and other institutions. ARM 

supports legislation and policies that help 

the regenerative medicine industry sector 

develop and thrive.  

“In one valuable current initiative, ARM 

is working with the National Institute for 

Standards in Testing (NIST) to support 

development of product standardization, 

including reference materials and shared 

quality control assays, that will allow 

the industry to grow by sharing best 

practices and common tools between its 

stakeholders,” Dr. Brandon says.

To learn more about ARM, visit 

alliancerm.org. 

Allogenic cell therapy is the 
most appealing developmental 
pathway for the biopharma 
industry because it allows 
for isolating, characterizing, 
expanding, qualifying, and 
freezing of vials of cells that 
can be thawed at the point of 
delivery.

DR. SCOTT BRUDER

Bruder Consulting

Organovo is creating a 
liver tissue “patch” that 
can be implanted into 
humans, with the goal 
of postponing and/or 
reducing the need for 
transplant, while also 
reducing patient care 
costs.

TAYLOR CROUCH

Organovo
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Since the discovery of the first Wnt gene in 
the early 1980s, the Wnt pathway has been a 
target of great interest for drug development, 
albeit, with no successful therapeutics to date, 
Dr. Kibar says. “Our discovery of multiple 
novel biological targets in the Wnt pathway, 
our breakthroughs in drug chemistry, and our 
track record of clinical effort in seven different 
disease areas, all offer an exciting new path in 
regenerative medicine, ranging from cartilage 
regeneration to hair growth, various types of 
cancer and Alzheimer’s disease.”

For example, taking a different approach 
to addressing an osteoarthritis patient’s pain 
and functional decline, Samumed’s SM04690 
drug is a one-time injection that aims to re-
generate the cartilage tissue back to a healthy 
level, such that the patient can recover his or 
her active lifestyle. 

Increasingly, large pharma companies are 
looking to regenerative medicine for its poten-
tial. In May 2016, GlaxoSmithKline received 
European marketing approval for Strimvelis, 
the first ex-vivo — meaning it is prepared 
outside the body in a laboratory before being 
administered back to the patient — stem-cell 
gene therapy to treat patients with adenosine 
deaminase deficiency (ADA-SCID). Strimvelis 
(autologous CD34+ cells transduced to ex-
press ADA) was the first corrective gene ther-
apy for children to receive regulatory approval 
anywhere in the world.

Overcoming Barriers

Dr. Bruder says autologous cell therapy 
has accelerated the application of biologic 
principles through points-of-care technolo-
gies, for example, isolating bone marrow or 
fat in the operating room for intraoperative 
manipulation of the cellular sources, which are 
then delivered back into the patient during 
the surgical procedure. The challenge with 
this, he says, is variability that can occur from 
patient to patient.  

“Some unscrupulous firms have made 
statements or claims about their isolation of 
these cells, but they are not in compliance 
with FDA regulations,” he says. “Still there 
are absolutely legitimate companies with 
FDA-cleared devices for intraoperative isola-
tion of cells used in regenerative medicine.”

According to Dr. Lough, patients and 
providers need pragmatic technologies and 
therapies, noting that what works in a sterile 
dish in a laboratory doesn’t mean much. 

“Our bodies, processes, and the location 
where we exist in our environment are incred-
ibly hostile,” he says. “Appreciating that our 
cells, tissues, and processes have evolved over 
time to survive in these hostile environments 
requires us to design technologies that are able 

One key area of focus for Spark is liver 
gene therapy. One therapy that targets he-
mophilia B is being licensed to Pfizer and is 
entering Phase III trials. Another key program 
in Spark’s liver platform is a gene therapy 
for hemophilia A, which is also in the clinic. 
Preclinical work on Pompe disease is ongoing. 

“While Pompe disease is not a liver disease, 
we’re exploring this organ as a therapeutic 
platform,” Dr. Mingozzi says. “We used the 
platform of the liver and AAV transaction of 
the hepatocytes to perform an enzyme replace-
ment therapy with gene therapy, and we will 
use the liver as a factory to produce the missing 
enzyme in Pompe disease.”

“We are at the dawn of a new age of bi-
ology now and what we are seeing are many 
cell-based therapies that are not yet approved 
by the FDA, but are under rigorous clinical 
evaluation,” Dr. Bruder says. “One of those 
areas that holds the most promise is the man-
agement of type 1 diabetes.  If we can restore a 
patient’s insulin-producing beta cells from the 
pancreas, then we have removed the need for 
insulin injections two or three, or sometimes 
more, times per day.”

ViaCyte’s cell-replacement therapy for in-
sulin-requiring diabetes aims to be a func-

tional cure by restoring the normal 
function of a pancreas rather than 
directly treating the autoimmunity 
or insulin-resistance associated with 
type 1 and type 2 diabetes, Dr. Bran-
don says.  

“This could mean that patients 
with type 1 diabetes will no longer 
have to be vigilant with blood sugar 
monitoring and insulin self-adminis-
tration, as their blood sugar will in-
stead be controlled by the new cells,” 
Dr. Brandon says. “It may also mean 
these patients have far fewer hospi-
talizations and may not experience 

the long-term complications such as 
heart disease, blindness, nerve damage, kidney 
damage, and amputations that are so costly to 
the health insurance system.”  

Organovo, meanwhile, is using a propri-
etary 3D bioprinting technology to create a 
liver tissue “patch” that can be implanted into 
humans, with the goal of postponing and/or 
reducing the need for transplant, while also 
reducing patient care costs.

“Organovo has conducted small animal 
disease model studies for our lead indication 
within the category of inborn errors of metab-
olism, alpha-1 antitrypsin deficiency (A1AT),” 
says Taylor Crouch, president and CEO, Or-
ganovo. “We have shown that our bioprinted 
liver patches, when transplanted into diseased 
animals, have been successfully accepted in 
terms of generating healthy function and pro-
viding notable improvement in liver health.”

The company was recently granted or-
phan status for its treatment of A1AT. “The 
FDA’s action recognizes the importance of 
novel, tissue engineering-based approaches for 
these vulnerable patients,” Mr. Crouch says. 
“Organovo’s revolutionary approach to bio-
printing functional tissues is opening a broad 
range of future medical treatments spanning 
multiple organs and diseases.”

The promise of 
regenerative medicine 
is not limited to more 
effectively treating the 
signs and symptoms 
of a disease, but also 
altering the course of 
disease progression.

DR. OSMAN KIBAR

Samumed

With regenerative medicine, 
the objective is to get deeper 
and deeper into the cause 
of the disease as opposed to 
treating symptoms, which 
traditional pharmacology 
typically does.

DR. EUGENE BRANDON

ViaCyte
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Venture Forth.
ghgroup.com

Healthcare marketing is a world filled with boxes—restrictions and regulations that lurk 
around every corner and challenge creativity. Luckily, we’re not afraid of boxes. We think 
outside of them, inside of them, on top of them, under them, you get the point. So if you’re 
ready to work with people who will push you outside your comfort zone and help you explore 
fearless, creative thinking, contact erin.byrne@ghgroup.com. We’re ready.

Boxes don’t
scare us.
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The potential for gene therapies 
to cure certain diseases is great; 
the challenge in the future will be 
ensuring access to these drugs in 
countries that don’t have advanced 
health systems.

DR. FEDERICO MINGOZZI

Spark Therapeutics

to tolerate and evolve within this hostility. For 
example, why would we try to culture intesti-
nal tissue substrates in sterile culture systems 
— all the intestinal wall does is interface with 
fecal matter and microorganisms. We must 
develop tangible and pragmatic technologies 
that work not only in the trenches of medicine 
but are also capable of facing the realities that 
a patient’s own tissue does on a daily basis.”

He says PolarityTE was founded by plastic 
and reconstructive surgeons who saw the reali-
ties of the limitations of regenerative medicine 
and left medical practice to develop something 
different.

“At PolarityTE we rely on a dramatically 
different paradigm for regenerative medicine, 
allowing components in the body to work nat-
urally so that tissues can be used to regenerate 
themselves,” he says.

Dr. Mingozzi says there is evidence that 
a disease can be treated with a single gene 
therapy intervention, resulting in long-term 
efficacy. For example, in hemophilia the follow 
up of patients receiving gene therapy is up to 
eight years with no loss of efficacy. However, 
how long the effect of gene therapy will last 
and are the long-term effects of these therapies 
are questions that remain to be answered. 

“Recent developments have been demon-
strated to be remarkably safe, but at this stage 
patient numbers are relatively low and as more 
of these products move into more patients 
we’ll learn more,” he says. 

Another barrier, Dr. Bruder says, is the 
level of investment required. “The manufac-
turing scale-up for cells or for recombinant 
proteins typically will require as much as a 
$100 million investment in capital and facil-
ities, and associated with that is the design, 
performance, and execution of randomized 
controlled clinical trials, which will cost any-
where from $15 million to $25 million.”

Dr. Brandon says while relatively mod-
est-scale production, testing, and administra-

tion is currently feasible, for the groundbreak-
ing regenerative medicines to reach the many 
patients who may benefit, new scalable man-
ufacturing and delivery systems, including 
automation and smart systems, will be needed.  

Producing enough gene therapy vector to 
treat disease such as muscular dystrophy or 
spinal muscular dystrophy with the current 
technologies is possible, Dr. Mingozzi says, 
but it is a big undertaking and it’s very costly.  

“We will have to find ways to improve the 
way we execute gene therapies by looking at 
other more efficient vectors or find better ways 
to produce these products,” he says. 

Perhaps the greatest barriers, Dr. Brandon 
says, are funding for product development, as 
well as infrastructure and other support for 
product scale-up.

“Venture and private equity-backed firms 
are trying to mitigate risk and get to the 
place where they may have first in-human 
or ready-to-go into human with a sufficient 
body of evidence, then put themselves on the 
auction block to try to get purchased by large 
companies,” Dr. Bruder says. “One example of 
a recent, large acquisition is Takeda’s purchase 
of TiGenix.”

The time involved is also an issue given the 
learnings required to translate, develop, and 
optimize each product, Dr. Brandon says. He 
cites the California Institute for Regenerative 
Medicine (CIRM) as an institution set up with 
a long-term vision. 

“With $3 billion to spend over 10 years, 
CIRM knew to start by building the founda-
tions of infrastructure and knowledge, and that 
once those were established and underway we 
would be in a much better position to endure 
the long and winding product development 
paths,” he says. “In addition, specific patient 
advocacy foundations, such as JDRF for type 1 
diabetes, are committed to providing support 
to advance therapies that could really move the 
needle on many diseases.”

From a regulatory point of view, the enact-
ment of the 21st Century Cures Act has helped 
to clarify the pathways related to regenerative 
medicine technology, Dr. Bruder says. Within 
the act, regenerative medicine advanced ther-
apy (RMAT) designation can be granted to re-
generative therapies that treat, modify, reverse, 
or cure a serious or life-threatening disease or 
condition and where preliminary clinical evi-
dence indicates that the drug has the potential 
to address unmet medical needs.

The next challenge is getting reimburse-
ment, which will require companies to demon-
strate the economic health benefit of their 
products through the generation and avail-
ability of data. 

The potential for demonstrating economic 
value is there, experts say. Dr. Brandon notes 
that the potentially curative treatments that 
regenerative medicine is expected to bring 
could provide far greater benefits to healthcare 
than currently available treatments.

Dr. Kern says the value proposition for 
regenerative medicine will need to be viewed 
through a different lens than conventional 
pharmaceuticals that only modify symptoms, 
and the required healthcare infrastructure 
needed to deliver innovative therapies will be 
an important part of that equation. 

As the dialogue to advance these medi-
cines continues, he adds patients, healthcare 
workers, and families need to be included to 
identify gaps in the healthcare system. 

To regenerate a complex 
tissue or organ we must use 
tolerated and biologically 
sound principles and 
processes to get the patient’s 
body to assist our products in 
the healing process.

DR. DENVER LOUGH

PolarityTE
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July 16-17, 2018
The Inn at Penn, a Hilton Hotel | Philadelphia, PA

Featured Speakers

2nd

Real-World 
Evidence FORUM

Explore the Innovative Use of Data to Enable Powerful Collaborations Between 
Pharma, Payers and Stakeholders to Reveal the Value of Your Products

Onwudiwe, Pharm.D., 
Ph.D., MBA
PRO/PE Regulatory Review Officer
FOOD AND DRUG 
ADMINISTRATION 

Christopher Boone, Ph.D., 
FACHE 
Vice President, Real-World Data 
and Analytics Center of Excellence, 
Patient and Health Impact
PFIZER

Patrick Loerch
Sr. Director, Data Sciences
CELGENE CORP 

Bart Barefoot
Director, VEO and RWE Policy, 
Advocacy, and External 
Collaboration
GLAXOSMITHKLINE

Poushali Mukherjea, Ph.D.
Executive Director, Medical Affairs
BRISTOL-MYERS SQUIBB

Elizabeth (Betsy) MacLean, 
Pharm.D., Ph.D. 
Director Global Health and Value/
U.S. Outcomes and Evidence – 
Oncology
PFIZER

Melinda Hanisch
Director, Research Dissemination, 
Real-World Evidence and Global 
Market Access Policy Expert
MERCK

Dr. Jefferson Tea
Vice President, Medical and 
Scientific Affairs 
TAKEDA 
PHARMACEUTICALS

To register, call 866-207-6528 or visit http://exlevents.com/RWEF

Learning Objectives

  Learn to invest in global real-world 
data generation that will support the 
product throughout the life cycle

  Drive innovation and healthcare 
transformation in the current 
political and regulatory environment

  Optimize your use of RWE in the 
value equation to fill data gaps and 
complete the patient picture

  Uncover the latest updates on how 
the FDA approaches the use of RWE 
in their decision-making process

  Accelerate coordination and 
integration of different medical data 
and achieve external recognition 
for providing credible medical 
information

  Discover the role of digital 
technology in RWD programs

Save 15% off the  
standard rate with  

code C1040PV.
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