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ABSTRACT

Advanced therapy medicinal products (ATMPs) are
a significant innovation in medicine, categorized by
the European Medicines Agency into four types: gene
therapy medicines, somatic cell therapy medicines, tis-
sue-engineered medicines and combined ATMPs. They
hold potential for treating various conditions, including
rare diseases, degenerative diseases like Parkinson’s
and Alzheimer’s and cancers. The global market for AT-
MPs was valued at US$9.28 billion in 2023 and is pro-
jected to reach US$22.80 billion by 2032, growing at
a compound annual growth rate of 10.50%. Gene and
cell therapies are advancing rapidly, with over 1,700
approved clinical trials worldwide. Notable successes
include Glybera for lipoprotein lipase deficiency and
Roctavian for haemophilia. Despite limited current
approvals, many gene therapies are expected to gain
market approval soon. Challenges include stringent
regulatory requirements, safety and ethical concerns.
For example, Glybera faced multiple rejections before
approval due to safety issues. Current clinical studies
are exploring immune-based therapies like CAR-T, cyto-
toxic T lymphocytes, natural killer cells and mesenchy-
mal stromal cells. CAR-T cell therapies, such as Yescar-
ta and Kymriah, have shown promise in treating B-cell
lymphoma. However, high development and manufac-
turing costs limit accessibility, exemplified by Hemge-
nix, a gene therapy for haemophilia B priced at US$3.5
million. Increased ATMP sales have spurred investor
interest in R&D, leading to advancements in technol-
ogy and manufacturing processes. Despite challenges,
the future is promising with more academic and com-
mercial ATMP clinical trials. There are now 32 approved
gene therapies globally. To attract industries, the focus
should shift from rare to common diseases, and alter-
native reimbursement models could help manage high
costs. A trained workforce and public involvement are
crucial for the successful delivery of ATMPs.

Keywords: ATMPs, Gene therapy, CAR-T cell therapy,
Regulatory challenges, Tissue engineering

Introduction

Advanced therapy medicinal products (ATMPs) are
innovative medicines either in their manufacturing
process or mechanism of action and can be grouped
into four major categories as defined by the European
Medicines Agency (EMA):!

e Gene therapy medicines: they contain “recom-
binant” genes that are inserted into the body to
treat diseases such as cancer and genetic disor-
ders;

e Somatic cell therapy medicines: these con-
tain cells or tissues that have been engineered
to change their biological features and are not

intended to be used for the same original func-
tions in the human body;

e Tissue-engineered medicines: such medicines
are characterized by cells or tissues that have
been engineered to repair, regenerate or replace
human tissues.

Furthermore, some ATMPs may contain one or more
medical devices defined as combined ATMPs such as
scaffolds or biodegradable matrixes.

ATMPs have great potential to treat multiple con-
ditions, from rare diseases through degenerative dis-
eases such as Parkinson’s and Alzheimer’s to solid
and blood cancers. Over the years, there has been an
increased number of ATMP clinical trials worldwide,
and the global market size was valued at US$9.28 bil-
lion in 2023, with a forecast to reach US$22.80 billion
by 2032 at a compound annual growth rate of 10.50%
(Figure 1).

If we consider gene therapies only, there are more
than 1700 approved clinical trials worldwide with
many success stories such as Glybera to treat lipo-
protein lipase deficiency or Roctavian to treat haemo-
philia, for example. Despite the fact that the current
number of approved gene therapies is limited, there
are many products that are likely to receive market
approvals in the coming years. Nonetheless, gene ther-
apies still face several challenges, above all the regula-
tory requirements. In the case of Glybera, it had failed
three times before the final marketing authorization.
This is mainly linked to the safety and ethical concerns
of such medicines, as the transfer of genes could have
an impact on germ lines. Then the quality and stabil-
ity of the transgene and the type of vectors used could
lead to mutagenic events.

In terms of cell therapies, CAR-T therapies have
shown great promise with the historical approval of
Yescarta and Kymriah to treat B-cell lymphoma. The
FDA has already approved 6 CAR-T products, and
many other countries other than the US have followed
forth. However, all these approved CAR-T therapies
target mainly blood cancers such as lymphomas and
leukaemia. Nonetheless, because the sales of these
products have increased, many investors are now sup-
porting R&D programmes to continuously bring in
new advancements. In fact, in many instances, com-
panies are now shifting toward technology and pro-
cess improvements with more efficient supply chains
or new manufacturing models such as decentralized
cell therapy centres or physical hubs (e.g. Catapult)
that provide infrastructures (a GMP facility is a rigor-
ous environment with really high design costs), labo-
ratories, offices, production and supply chain services
to reduce the costs or lack of capabilities of small
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companies fuelling innovation and business growth.
Around that, an ecosystem of stakeholders is being
built to support such business models. For example,
Miltenyi Biotec has specialized in the production of
CliniMACS Prodigy devices that are vastly used in cell
therapy manufacturing.

In terms of cell therapies, there are currently more
than 1000 clinical studies exploring immune-based
therapies on CAR-T, cytotoxic T lymphocytes, natural
killer cells, mesenchymal stromal cells or using fibro-
blasts.” However, as we have seen with gene therapies,
complex regulatory and developmental landscapes
pose a challenge to further market approvals. Another
huge challenge that ATMPs are facing is that generally
the ideas are developed in academia or small startups
where there is a lack of understanding of manufac-
turing processes (scaling up) or regulatory require-
ments, which later on can lead to rejection by national
agencies. Furthermore, the high costs associated with
ATMP development and manufacturing make them
unaffordable to public and private patients, limit-
ing access to such treatments. A clear example is the
approval of Hemgenic to treat haemophilia B, the first
gene therapy and most expensive drug with a price tag
of US$3.5 million.

Even though the field is facing several challenges,
the future is bright for ATMPs. The number of academic
and commercial ongoing ATMP clinical trials has sub-
stantially increased from 2016. There are now globally
32 approved gene therapies including genetically mod-
ified cell therapies with many more at different phases
of the clinical trial cycle and showing great potential
to treat uncurable diseases. To overcome some of the
challenges, the ATMPs’ landscape has to move from
rare to common diseases so that these treatments
become more attractive for industries. However, one
question that may arise is how can healthcare systems
afford extremely expensive treatment for a common
disease such as diabetes? Alternative reimbursement
models could be a solution to avoid the high burden
on healthcare systems but also prevent market failures
and the huge costs that come with it. Better and more

coordinated infrastructure is needed, physical hubs
like Catapult in the UK can help in reducing the costs
associated with GMP facilities, but at the same time, a
trained workforce with the latest advancements is also
key to successful ATMP delivery, and ultimately, but
not least, patient and public involvement to increase
awareness and educate the population on the benefits
of such therapies.

This review article will deep dive into the most prom-
ising ATMP therapies, focussing initially on the tech-
nology, the evolution and recent improvements in the
field, to move on with failure and success stories, the
challenges ATMPs are facing and what emerging strate-
gies are being developed or are already being deployed.
The article will conclude with reflections and future
expectations for these innovative therapeutic medicines.

Understanding ATMPs

“Advanced therapy medicinal products (ATMPs) are
medicines for human use that are based on genes, tis-
sues or cells” (EMA 2024).

ATMPs can be divided into gene therapy medicinal
products that are in turn differentiated in in vivo and
ex vivo (e.g. CAR-T) therapies; somatic cell therapy
products (e.g. ex vivo expanded adipose stem cells);
tissue-engineered products (e.g. skin drafts for burns);
combined ATMPs (e.g. cells embedded in a scaffold).

In a global growing and ageing population, one in
three people will develop cancer at some point in their
life. There are currently 200 types of cancer, with 20
million cases and 10 million deaths worldwide every
year. The economic burden of cancer treatment is
equal to 25% of total global healthcare spend, with
many adverse drug reactions affecting 50% of cancer
patients and only one in four cancer patients respond-
ing to traditional therapy. However, survival rate has
increased 2x since 1970s primarily due to:

e Prevention

e Earlier diagnosis and screening

e Better treatment and innovative medicines (per-
sonalized medicines/ATMPs)
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In recent years, there has been a growing move-
ment towards personalized medicines whereby rather
than having one treatment fits all, treatments are tai-
lored to the patient rather than to the disease. This
approach can take different forms such as immuno-
therapy, gene therapy, small-molecule inhibitors and
the like.

In the case of immunotherapy, the disease is treated
with substances that stimulate or suppress the immune
response to fight cancer. Immunotherapies are divided
into:

e Cancer vaccines

e Oncolytic virus therapies

e Cytokine therapies

e Immune checkpoint inhibitors

e Adoptive cell transfer (e.g. CAR-T)

The advantages of such therapies are that they can
provide long-lasting responses, fewer side effects and
improved efficiency than traditional therapies other
than a more precise targeted action. However, there are
still side effects associated with immunotherapies, and
some treatments can be really expensive.

Gene Therapies

From a developmental perspective, there are currently
>2000 gene therapies in the pipeline worldwide, with
most of the therapies targeting rare and cancer diseases
with a focus on the main areas described in Figure 2.
Globally, 32 gene therapies have been approved, and
the number of trials has increased exponentially in
recent years.

When we talk about gene therapies, it is first
important to understand the difference between ex
vivo and in vivo applications. In ex vivo autologous
(from the same donor) or allogeneic (from different
donors), the cells are taken out of the body (mostly
from the bone marrow), engineered in petri dishes
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Fig 2 | Gene therapies’ therapeutic areas
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and then the gene-modified cells are transplanted
back into the patients. In immunodeficiencies, tech-
nologies such as CAR-T cells are typical examples. On
the other hand, in vivo gene addition is characterized
by the injection of gene therapy agents directly into
the body through intravenous injection (IV), spinal
fluid injection, muscle injection or inhalation. Dis-
eases treated with this approach are, for example,
haemophilia, cystic fibrosis and spinal muscular atro-
phy (SMA) (Figure 3).

The gene transfer agents are typically viral vectors
such as adenovirus, lentivirus or adeno-associated
virus (AAV) but also non-viral vectors such as lipid,
mRNA and the like. Viral vectors are engineered to be
safe and not replicative through the removal of key
genetic information so that diseases are not triggered
by these viral vectors.

Knowing that there are several viral vector types, the
question is, which viral vector should be used? Thisis a
challenge as there are several aspects to be considered
such as:

e Acute vs chronic disease

e Size of the gene (packaging capacity of each
vector)

e Exvivovsin vivo

¢ Dividing or non-dividing target cells

e Short- vs long-term expression

A typical example of successful gene therapy where
these challenges have been overcome is CAR-T cells.
These engineered T cells target specific proteins (anti-
gens) on the tumour cells, as they are armed to bet-
ter recognize tumour antigens, bind to them and kill
such cells. Kymriah and Yescarta are CAR-T cell prod-
ucts that were licenced in 2017-2018 to treat B-cell
lymphomas. So far, there has been an increase in the
survival rate of patients treated with these products,
with reduced side effects, although it is not yet proven
whether relapse issues have also improved. In para-
graph 4 a more detailed explanation of this successful
technology in treating blood disorders, its applica-
tions, limitations and emerging strategies for improve-
ment will be discussed.

Gene therapies have also been successful in treat-
ing immunodeficiencies such as adenosine deami-
nase deficiency (ADA-SCID), a metabolic disorder and
one of the rarest diseases with a ratio of 1:500,000
born babies. Because babies are prone to frequent
severe infections from viruses, bacteria and fungi,
they have to grow up in a very sterile environment.
Also in this disease, cells are obtained from the bone
marrow cells of the babies, then engineered in petri
dishes ex vivo and gene transfer vector inserted in
the engineered cells that are ultimately transplanted
back into the patient (Figure 4). This is another
successful story whereby the product under the name
of Strimvelis was licenced in 2017 at a quite expen-
sive price of £600k. However, the price is justified by
the one-off treatment, which completely cures the
disease.
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Fig 4 | Ex vivo Strimvelis gene therapy manufacturing process*

Despite the success, Strimvelis was considered a
market failure as it was initially developed by San
Raffaele in Italy in 2010 and then bought by GSK and
approved in the EU in the same year, 2017. Orchard
Therapeutics came into play and brought Strimvelis
in 2018, but just after 4 years, it discontinued the
product because ADA-SCID is such a rare disease
that the product is not worth the investments.’
Therefore, this is an example of how gene therapy
can be successful but because of the high cost, it
becomes not commercially viable for pharma compa-
nies, and patients are quite often left behind when
they should be generally put at the centre of the
whole process.

There are other examples of approved gene therapies
that turned out to be successful but at the same time
very expensive. This is the case of SMA, an inherited

neurological disorder typical in children with a 95%
mortality rate at 6 months. In this disease, children are
characterized by rapid loss of motor neuron’s function
that makes them floppy. Zolgensma was successfully
approved in 2019, an in vivo (IV injection) AAV SMA
gene therapy able to improve children’s motor function
and survival rate. However, it was reported to have a
list price of £1.79 million per dose. As we have seen
with Strimvelis, cost is one of the main challenges the
ATMP field is facing. A similar story happened with
a gene therapy targeting haemophilia B (Hemgenix),
an in vivo (IV injection) AAV gene therapy that was
named the most expensive medicine, reaching a price
tag of US$3.5 million.’

In conclusion, we have seen that gene thera-
pies can work, and there are many licenced prod-
ucts that patients can be treated with; hence, there
is a lot of potential. However, manufacturing has
to be improved to reduce the costs, and long-term
follow-up for patients has to be improved. Another
big challenge is the transition from rare to common
diseases, but we need to avoid the burden on health-
care systems (a reimbursement model could be a
solution) or situations like Strimvelis to prevent any
setbacks. In addition, these innovative medicines
require specific infrastructure such as GMP facilities,
which take a big chunk of the manufacturing costs
associated with these products. Because of that,
issues may arise during the manufacturing process if
GMP requirements are not fulfilled, leading to major
findings by regulatory bodies and further additional
costs other than reputational damage.

Solutions to reduce such costs could be outsourcing
some activities to contract, development and manu-
facturing organizations (CDMOs) or within physical
hubs that provide the infrastructure in compliance
with regulatory requirements (e.g. Catapult centre
in the UK). Automation and robotics are also making
the production of such therapies more scalable and
cost-effective, whilst big data and Al are optimizing
clinical trials, pushing towards more personalized
treatments and away from the traditional one-size-fits-
all approach. The use of CRISPR-Cas9 has also enabled
more precise gene editing and cell reprogramming
with many pharmaceutical and biotechnology compa-
nies transforming their approach to drug development
and patient care. This is especially true for the field of
drug discovery, whereby predictive analysis through
machine leaning models could reshape the industry
and accelerate the process from drug discovery to com-
mercialization. Nonetheless, it is important to continu-
ously innovate, bring in technological advancements,
and at the same time invest and involve stakeholders
across industries. The ATMPs’ market value is forecast
to reach US$60 billion by 2027, and the growth will
primarily be driven by increasing investments in R&D
and tech advancements.®

CAR-T Therapies
Among immunotherapies, chimeric antigen recep-
tor T-cell therapy (CAR-T cells) has revolutionized the
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outcomes for haematological malignancies, with 90%
response in otherwise incurable diseases. Autologous
CAR-T requires the collection of T cells from the same
donor by apheresis, followed by the introduction of the
CAR encoding sequences and the ex vivo expansion
of the resulting CAR-T cells that are then infused back
into the same patient (Figure 5).”

CARs usually consist of a single-chain variable frag-
ment (scFv) fused to a spacer, a transmembrane anchor
and the intracellular signalling domain of the CD3
z chain (Figure 6). Antigen recognition occurs via the
scFv, while activation of the CAR itself occurs through
the intracellular domain signalling domains of CD3 z
and costimulatory receptors.®

Engineering CAR-T cells

/ T-cells ?ce:\

Blood Collection B
for T-cell Isolation ’/t' SR ) ’
oYe! i

\\\“—f. /
W S

Cultureand Expansion
of CAR-T cells

Infusio

-

Lymphodepletion

Fig 5 | Chimeric antigen receptor T-cell manufacturing process’

There are four generations of CAR-T cells. The first
generation has only the CD3 z intracellular signal-
ling domain, while second-generation CARs possess
an additional costimulatory signalling domain (e.g.
CD28). Third-generation CARs have two costimulatory
domains, while fourth-generation CARs incorporate a
cytokine signalling module to signal cells. The compo-
sition of the CAR varies depending on the target and
generation of CAR chosen.

Most of the commercialized CAR-T are fourth-gener-
ation products, and the EMA has already approved six
of them, but mainly targeting haematological malig-
nancies and multiple myeloma, and only 5% are aimed
at other cancers. In fact, solid tumours represent 90%
of all cancers, but there has been little success with
alternative therapies such as CAR-T, mainly due to
physical barriers of the tumour mass, hostile tumour
microenvironment, lack of specific tumour-targetable
antigens and T-cell exhaustion. To improve such tech-
nology, CRISPR is, for example, being used to reduce
T-cell exhaustion by targeting the programmed cell
death protein 1, a T-cell receptor, or tumour penetrat-
ing peptides are being experimented with to overcome
the tumour hostile microenvironment. Although one
of the main challenges in treating solid tumours with
CAR-T is associated with the high costs of autologous
(from the same patient) CAR-T therapy in comparison
to allogeneic (coming from different donors) strategies
that could drastically reduce the costs, in this case, the
graft vs host disease is still a bottleneck as they can lead
to immune reactions after transplantation. Regulatory
CAR-Treg are, for example, a solution to this problem,
as they have shown enhanced transplantation and
offer potentials for allogeneic treatments.

Another limitation of CAR-T therapies is that they are
extremely expensive (in Spain, for example, the price
is >€330K per patient), and there are concerns about
viral safety, particularly for chronic cancers. Further-
more, there is a need for better biomarker identifica-
tion for efficacy and toxicity purposes.

CARs TRUCKs
1% Generation 2™ Generation 3" Generation 4" Generation
Transmembrane Domain l @ b
Intracellular Domain Molecule CD134/CD137 etc CD134/CD137 ete. ‘
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Fig 6 | Chimeric antigen receptors’ architecture®
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Viral vectors (e.g. gamma retrovirus and lentivirus)
play a crucial role in the introduction of genetic mate-
rial that encodes the CAR, but these vectors have sev-
eral limitations. To address such a challenge, non-viral
vectors (NanoCART) are much cheaper, easier to scale
and less toxic. Regarding this latter, mini-circle DNA
is being used rather than plasmid for the delivery of
genetic material as they have no bacterial sequences,
hence they are less toxic systems. Although the
potential exists, NanoCART approaches need electro-
poration so that the genetic material is absorbed via
endocytosis by the cells. This process has high T-cell
death with a lower CAR delivery than viral vectors;
hence, different nanomaterials have to be assessed in
order to overcome such limitations. Current emerging
strategies being developed to overcome toxicity issues
are also the use of RNA CAR-T cells or allogeneic hae-
matopoietic stem cell transplantation to restore hae-
matopoiesis.

Recent ATMP strategies are also focussing on better
and more targeted biomarker identifications, as >50%
of CAR-T-treated patients relapse within 2 years. In
this regard, multi-omics (genomics, transcriptomic,
metabolomic etc.) approaches coupled with machine
learning algorithms can be an innovative solution for
the early identification of patients that will respond
to CAR-T treatments in a predictive manner (integrate
and harmonize huge amounts of data to discover
novel biomarkers). In addition, to reduce the rate of
relapse, the use of kinase inhibitors along with dual
antigen-cotargeted CAR-T cells is being experimented,
whilst continuous improvement of CRISPR/Cas9
systems may increase the precision and longevity
of CART therapies. Lastly, with the implementation
and advancements in the field of precision medicine,
CAR-T limitations can be further overcome and more
unmet patients’ needs addressed.

Decellularised

= . scaffold Mucosal stamps
| Enzymatic, \ AN
{ detergent (g } -
| washing \ ! —— \' Surgery, in vivo —
Cells seeded, | — regeneration _—
| — B =
Y % — [—]
Cadaveric trachea Mononuclear BM '=L [—]
{ —H Pre, peri-operative [~
cells ‘-gmwthfactor e
i = i administration T
| — ]
¥ —
/) N |

The donor graft was saturated with:

hrEPO to increase angiogenesis / cell survival
G-CSF to improve autologous stem cell recruitment
TGFB injected into tracheal rings to induce chondrocyte differentiation

Fig 7 | Engineered trachea’

Tissue Engineering and Combined ATMPs

Another typical, more complex ATMP therapy is tis-
sue engineering. This technology has been deployed
in many areas with successes such as a tracheal
transplant that occurred in 2010 to a child hospital-
ized at Great Ormond Street Hospital (GOSH) in Lon-
don, UK.’ It is a typical example of combined ATMPs
whereby the use of scaffolds like cadaveric trachea
is initially decellularized, bone marrow stem cells
seeded (in this case cells of the same patient to avoid
rejection), and then, with the help of growing factors
and other molecular stimulators, the engineered tra-
chea is implanted through surgery. In the GOSH case,
further growing factors were given to the patient fol-
lowing the transplant to boost the growth of stem
cells in vivo (Figure 7).

Since trachea rigidity can be a challenge, to speed
up the recovery of structural rigidity, emerging strat-
egies are aiming at creating synthetic scaffolds, using
animal tracheas and/or improving the use of stem
cells since they provide a platform for the successful
transplantation of these regenerative approaches.
In fact, contractility of the cells plays an important
role in the recellularization of the trachea but also in
the flexibility of the transplanted scaffold. As such,
closed (for sterility reasons) and efficient systems
(cutting-edge bioreactors are used to provide the
right microenvironment) are necessary to improve
the contractility of cells after recellularization. These
tissue engineering medicines, or combined ATMPs
are currently being assessed in other instances such
as oesophageal replacement, the creation of human
lung tissue or heart tissue engineering. It is this lat-
ter that is taking momentum, as heart failure impacts
38 million people worldwide, and by 2030, around
187 million people will be affected by cardiovascu-
lar diseases.'’ In the United States, heart disease
is the number one Kkiller for adult men and women,
and the increase in healthcare spending is forecasted
to increase by 25% by 2030 for people aged 50-69
years. In addition, in babies, heart defect is also the
most common birth defect with a ratio of 1:125,
with congenital heart defect accounting for 10% of
spontaneous abortions and affecting nearly 1% of all
newborns worldwide. It is, therefore, not a surprise
that new strategies and technologies are needed to
tackle such a global burden."

Human-induced pluripotent stem cells are being
assessed in cardiac regenerative medicine, mostly
aimed at replacing lost cardiomyocytes. The use of
specific cardiac regulators or growth factors such
as BMP4, FGFs and the like is being used to drive
differentiation towards a cardiomyocyte pheno-
type. However, most of the current protocols have
poor representation of the in vivo cardiovascular
environment, as technical barriers like tumorigene-
sis, transplant rejection and arrhythmogenesis can
really impede the success rate of these approaches
(Figure 8)."

To overcome these obstacles, emerging strategies
are shifting towards more complex systems, like the

DOI: https://doi.org/10.70389/PJS.100017 | Premier Journal of Science 2024;2:100017


https://doi.org/10.70389/PJS.100017

PREMIER JOURNAL OF SCIENCE

REVIEW

Natural and
Synthetic scaffolds

Stem cell
therapy

Tumorigenesis

Transplant rejection

type of scaffold used, the cells needed to regrow the
scaffold and the combination of molecular factors
to trigger their growth. Indeed, defining the best cell
system, vascularization and animal models are key
aspects in making these therapies safer and more effec-
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Fig 8 | Tissue engineering and technical barriers in cardiac regenerative medicine™

Fig 9 | Bioreactor examples®
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tive. Bioreactors are constantly being improved as they
are critical devices to provide an in vitro environment
that mimics in vivo conditions for the growth of tissue
substitutes (Figure 9).

At the same time, further new approaches are being
developed to decellularize the scaffold matrixes and
avoid patients’ immune responses or inflammation
that will lead to myocardial scarring. Decreasing anti-
genicity and increasing the capacity to recellularize
may lead to more durable constructs. These techno-
logical advancements are currently being tested in ani-
mals, but there is a long way before bioartificial hearts
will become a reality in humans, although there have
been promising results in recent years.” Nonetheless,
a better understanding of the molecular pathways of
the heart’s regenerative capacities and epigenetic reg-
ulations is needed for better translation into clinical
practices.

To conclude, current treatments for many disorders
are inadequate, and they put a substantial economic
burden on healthcare systems. Tissue engineering and
combined ATMPs hold promise for the treatment of
such disorders. The future will involve first in-human
trials, followed by limited patient trials in cases where
conventional therapy has been unsuccessful.

Conclusion

ATMPs hold a great promise in treating many diseases.
Worldwide, 95% of rare “orphan” diseases have no
drug treatment, and there are 7,000 different types of
rare diseases and disorders. As such, the orphan dis-
ease indications are driving up costs and competition,
with global pharmaceutical spending up to US$1 tril-
lion and 1.3% of global gross domestic product. Cur-
rent traditional treatments are not effective, with only
30-70% of patients responding to drugs. Considering
the costs necessary to make a drug available following
the different clinical trial phases, which on average last
10-15 years, it is no surprise that the return on invest-
ment (ROI) in pharma R&D is on the brink of terminal
decline (Figure 10).

The more the standard of care is improved, the more
difficult and costly it becomes to improve further, so
we spend more to get diminishing incremental bene-
fits and added value for patients with a declining ROI,
which is directly linked to growth. Since this pharma
business model is broken, alternative models have to
be proposed with a shift towards more disruptive
innovation whereby tissue engineering andregen-
erative medicine, as anticipated, could be the next big
thing (Figure 11).™

With the advent of Al and ML technologies, per-
sonalized medicine or precision medicine can help
in better understanding the overall health problems,
the disease risks that come with it and ultimately pre-
dict better treatment responses. In fact, traditional
medicine focuses on what treatments work for most
patients, whilst personalized medicine focuses on
what treatments work for this individual patient. In
that regard, genetics is driving treatments to predict
future disease risk by providing the population with
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many tests that can drive preventative measures such
as mammography, surgery and the like. The use of
digital platforms embedded with Al algorithms can
also help in increasing knowledge and awareness in
patients about their hereditary risks so that they can
increase treatment adherence with genetic diagnosis.
Combining clinical procedures (molecular biology,
sequencing technologies and medical technologies)

Return on Investment in Pharma R&D

30% A
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15% A
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capital in 2017
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Fig 10 | Pharma ROl analysis™*
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Biopharma,

with information technology (big data, processing
capacity and connected technologies) can really push
the field forward, repurpose the drug discovery process
and through novel therapeutic approaches, enable the
patients to get the right drug, at the right dose, at the
right time and in the long term (monitored through the
use of portable health devices).

Putting the patient back at the centre of the whole
clinical trial process is another key aspect (Figure 12).
Stratifying them in groups based on a greater likeli-
hood of responding to a particular therapy or avoid-
ance of side effects based on their unique genetic and
environmental profile can lead to more efficient, safer
and cheaper clinical trials, reducing the burden on
healthcare systems and increasing the chances of sur-
vival or remission for patients worldwide.

For the success of such innovative models, many
stakeholders need to work together and, towards the
same goal, make these innovative medicines more
affordable, effective and safer for everyone. Ethics
committees are needed so that the selection eligibility
criteria are fair and to avoid exposure of patients to
high-risk treatments or misconducts during the trials.
Regulatory challenges can also be a bottleneck in the
release of ATMPs, hence the need for stable and qual-
itative products, experienced personnel (e.g. many
qualified persons are used to small molecules and
large batches with less experience with ATMPs, same
for manufacturers and clinicians) and robust quality
management systems and processes. The right GMP

Cell, gene
& immuno-
therapies

Time / Progress

Increasing complexity

Fig 11 | Pharma cycles from bulk chemicals to tissue engineering and reg. medicine
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Fig 12 | Stakeholders’ involvement in the clinical trial process

infrastructures and supply and logistics services are
also fundamental and require a collaborative effort and
coordination across industries to really move towards
more disruptive and innovative solutions.

Industries like contract research organizations,
CDMOs, contract manufacturing organizations
or even start-up companies with innovative ideas
but not the facility infrastructure must collabo-
rate to bring down the costs of these therapies and
avoid market failures, as we have seen in the case
of Strimvelis. The future is bright for ATMPs, many
emerging strategies including new frameworks (e.g.
CIRM’s framework)" are being developed, tested or
deployed to repurpose the current pharma model.
However, continued innovation, investments and
stakeholders’ collaboration across industries will
be crucial in overcoming the challenges ahead and
ensuring that these groundbreaking therapies are
available and accessible to the unmet needs of many
patients worldwide.
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