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What Is It about?
Advanced therapy medicinal products (ATMPs) are improving the prospects for tackling severe 
disease – in many cases diseases that at present have no treatment – and the science and technology 
involved is intimately linked to Europe’s broader development of new approaches to healthcare, 
dependent on early diagnosis and more personalised healthcare. There are some outstanding chal-
lenges across regulatory, scientific, manufacturing, and market access fields. This paper makes specific 
recommendations for all stakeholders, ranging from early dialogue on potential products, linking of 
clinical data, and patient registries or standardisation of control frameworks, to a comprehensive 
approach to evidence generation, assessment, pricing, and payment for ATMPs.
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Abstract
Recent advances in biomedicine are opening the door to new approaches, and treatment and 
prevention are being transformed by novel medicines based on genetic engineering, innova-
tive cell-based therapies and tissue-engineered products, and combinations of a medical de-
vice with embedded cell or tissue components. These advanced therapy medicinal products 
(ATMPs) hold one of the keys to making a reality of genuinely personalised medicine. There 
are an estimated 450 companies across the globe working on the development of gene ther-
apies and more than 1,000 clinical trials underway worldwide, and some 20–30 new ATMPs 
filings are expected in Europe annually over the next 5 years. But challenges confront the sec-
tor, complicating the translation from research into patient access. Scientific, clinical develop-
ment and regulatory issues are compounded by limited experience with clinical and commer-
cial use, limited manufacturing know-how, high costs, and difficulties in accessing development 
funding and investment. Pricing and reimbursement and market access issues are an addi-
tional challenge, particularly in Europe, where unfamiliarity with the technology and uncer-
tainty over the use of real-world evidence induce caution among clinicians, health technology 
assessment bodies and payers. There is a need for a review of the suitability of the regula-
tory and market access framework for these products, focused development of data, public/
private partnerships, and fuller collaboration governments, doctors, insurers, patients, and 
pharmaceutical companies. This paper makes specific recommendations for all stakeholders, 
ranging from early dialogue on potential products, linking of clinical data and patient regis-
tries or standardisation of control frameworks, to a comprehensive approach to evidence 
generation, assessment, pricing, and payment for ATMPs. © 2020 The Author(s)

Published by S. Karger AG, Basel

Introduction: The Potential

Recent advances in biomedicine are opening the door to new approaches – particularly 
for diseases such as cancer and rare diseases, where limited or no alternative treatment 
options exist and unmet need remains high. Treatment and prevention is being transformed 
by novel and complex medicines based on genetic engineering, innovative cell-based ther-
apies and tissue-engineered products, and combinations of a medical device with embedded 
cell- or tissue components. 

These products – which are known in the EU as advanced therapy medicinal products 
(ATMPs) – have the potential to provide life-changing benefits to patients and their families, 
and potentially curative options to patients with unmet medical need. After a slow start, the 
field is at last advancing fast, as demonstrated by the number and variety of clinical trials and 
the new products now becoming available. ATMPs have already demonstrated outstanding 
results in treatment in patients with B-cell acute lymphoblastic leukaemia, melanoma, 
lymphoma, and rare inherited disorders such as treatment of children with spinal muscular 
atrophy (SMA) or vision loss due to retinal dystrophy. They hold one of the keys to making a 
reality of genuinely personalised medicine [1].

European Medicines Agency’s (EMA’s) own regulatory strategy for 2025 placed cell-
based therapies at the top of the list of the “transformational research that is having a signif-
icant impact on the regulatory science agenda.” ATMPs “have great potential to address 
unmet medical need,” it goes on. Gene therapy medicinal products may provide cures for 
several monogenetic diseases, as genome editing includes correction or inactivation of dele-
terious mutations, introduction of protective mutations, and addition of therapeutic trans-
genes and disruption of viral DNA [2]. Gene therapy has also been described as an experi-
mental technique that uses genes to treat, cure, or prevent disease, with the goal to achieve 
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durable expression of the therapeutic gene or “transgene” at a level sufficient to ameliorate 
or cure disease symptoms with minimal adverse events. Gene therapy is defined by the 
American Medical Association as “a novel approach to treat, cure, or ultimately prevent 
disease by changing the expression of a person’s genes,” and it functions via repair, deacti-
vation, or replacement of dysfunctional genes that cause disease, with the aim of (re)estab-
lishing normal function. DG RTD says that after 20 years of EU research programmes 
supporting the entire innovation chain for gene transfer and gene therapy, the fruits of this 
investment are now ripening [3].

But despite the unique possibilities of these technologies, there are some outstanding 
challenges across regulatory, scientific, manufacturing, and market access fields that still 
hamper the ability to deliver the potential. Gene therapies display a number of specific char-
acteristics challenging the current healthcare systems’ paradigm. They have, at present, 
uncertain outcomes. They are “one-off and once-only treatments,” as single treatments for 
chronic disease, for – at present – limited populations only, and possibly offering life-changing 
improvements. But their use is limited to centres of excellence with the necessary specialised 
facilities and personnel, and subject to special requirements on adverse effects management, 
long-term follow-up and logistics. 

This publication sets out the achievements to date with this new group of products, the 
principal challenges to their development, some possible immediate ways ahead, and the 
longer-term options for integrating ATMPs into more impactful healthcare systems that capi-
talise on the opportunities of personalised medicine. 

The Achievements to Date 
Since 2000, when the optimism of the gene therapy research community was bolstered 

by the first report of successful treatment of a genetic disease by gene therapy, there has been 
a trickle of innovations [4]. The beauty of that early breakthrough – GlaxoSmithKline’s 
Strimvelis in X-linked severe combined immunodeficiency due to adenosine deaminase defi-
ciency, a rare metabolic disorder most commonly diagnosed in early infancy (and often 
known as “bubble baby syndrome”) – was its purity [5]. ADA-SCID is caused by mutations in 
the enzyme ADA, leading to the aberrant development of T and B cells, immunodeficiency, 
and the risk of opportunistic infections. Some patients can be treated with bone marrow 
transplants from healthy donors, but immune matching from donors is never perfect and 
immune incompatibility can lead to rejection. With Strimvelis, the patient’s own bone marrow 
is removed, and the cells are treated with a viral vector that inserts the ADA gene into cellular 
DNA. Gene-corrected cells are then re-introduced into the patient, obviating the risk of 
rejection [6].

But it took time to move from concept to patient administration. Strimvelis was not 
authorised until 2016. And it was only the second gene therapy to be approved in Europe. It 
followed UniQure’s Glybera (alipogene tiparvovec), approved in 2012 for the treatment of 
lipoprotein lipase deficiency, which was marketed briefly in Germany and Italy, but only ever 
treated one patient. Glybera’s authorisation was allowed to lapse in 2017, since it was 
commercially non-viable. Strimvelis too – now marketed by Orchard Therapeutics – has 
struggled for commercial viability. It has treated 160 patients but is still described by Orchard 
as “a problem child” [7, 8].

These early examples are not atypical of the challenges inherent in developing and 
providing access to ATMPs. The path to exploiting the technology has been difficult despite 
years of extensive and intensive activity among drug developers and regulators. Between 
2009 and 2017, 500 clinical trials are recorded with ATMPs, but they resulted in only 19 
market authorisation applications to the European Medicines Agency, and only ten ATMPs 
received a marketing authorisation. Of these, three were later withdrawn by their companies, 



4Biomed Hub 2020;5:511678

Horgan et al.: Propelling Healthcare with ATMPs

www.karger.com/bmh
© 2020 The Author(s). Published by S. Karger AG, BaselDOI: 10.1159/000511678

and one discontinued marketing – all of them citing commercial reasons, according to the 
most recent published survey conducted among companies [9].

Since the European Medicines Agency’s first recommendation for approval of an ATMP 
containing stem cells, there was one more in 2015, two in 2016, two in 2017, three in 2018, 
and only one in 2019. Research into ATMPs is growing, as demonstrated by the 511 clinical 
trials conducted from 2011 to 2014 for 303 different ATMPs, and the trickle is beginning to 
show signs of turning into a steady stream. In 2020, the arsenal of approved and marketed 
ATMPs has widened, and they are now demonstrating their effectiveness in a range of health 
conditions [10] (Fig. 1).

In the field of cancer, CAR-T cell therapies (chimeric antigen receptor T-cell therapy) are 
providing new hope for patients. These are complex medicinal products, with therapy tailor-
made for every patient: specific immune cells are isolated from the patient’s blood and 
processed to recognise and attack the cancer cells after being returned to the patient. The first 
two of these highly anticipated advanced therapies – Novartis’s Kymriah (tisagenlecleucel) 
and Gilead’s Yescarta (axicabtagen ciloleucel), both approved in large B-cell lymphomas in 
2018 – have had some demonstrated success, and are good example of the new possibilities 
that personalised medication can bring, especially for vulnerable patients who often have no 
time to lose [11].

Innovations have become available in other conditions. A novel gene therapy for a rare 
form of vision loss through inherited retinal dystrophy won approval in 2018 – Luxturna 
(voretigene neparvovec), marketed by Novartis/Spark Therapeutics at GBP 613,410 [12]. 

A treatment for a rare inherited blood disorder, transfusion-dependent β-thalassaemia, 
was conditionally approved in the EU in June 2019. Zynteglo (betibeglogene autotemce) 
(lentiglobin), from bluebird bio, was launched in Germany in January at a hospital price of 
EUR 1.575 million [13]. 

Ex vivo

Provenge
(Dendreon)

Strimvelis
(GSK/Orchard)

Zalmoxis
(MolMed)

Kymriah
(Novartis)

*Only approved in China
**Only approved in the EU

***Only approved in the USA

Name 
(Company)

Yescarta 
(Kite/Gilead)

Date
approved

Apr 2010***

May 2016**

Aug 2016**

Aug 2017

Oct 2017

Description 

Dendritic cells extracted  and viral transfection with a
recombinant fusion protein and then reinfused to treat
metastatic prostate cancer

Bone marrow cells are extracted and transfected  with a
gamma retrovirus to treat adenosine deaminase severe 
combined immunodeficiency deficiency (ADA-SCID)

Adjunct treatment for graft vs. host disease (GvHD) in
bone marrow transplants with "suicide switch." retrovirus
gene insertion into donor T-cells infused to patient

Patient’s T-cells are extracted and CAR targeting CD19
inserted using lentivirus for reinfusion for pALL &
DLBCL

Patient’s T-cells are extracted and  CAR  targeting  CD19
 inserted using retrovirus for reinfusion for DLBCL

In vivo

Gendicine
(Benda Pharma)

Oct 2003* Adenovirus with the p53 tumor-suppressor gene for
head & neck cancer

Oncorine
(Shanghai Sunway
Biotech)

Nov 2005* Oncolytic recombinant adenovirus for nasopharyngeal
cancer with chemotherapy

Glybera (uniQure) Nov 2012** AAV1 treatment for lipoprotein lipase deficiency

Kynamro
(Kastle)

Jan 2013*** Antisense oligomer which treats homozygous familial
hypercholesterolemia

Imlygic (Amgen) Nov 2015 HSV-1 Virus to treat melanoma lesions

Exondys51
(Sarepta)

Sep 2016*** Anti-sense oligomer for exon skipping to treat Duchenne
muscular dystrophy (DMD)

DescriptionDate 
approved

Name 
(Company)

Spinraza 
(Biogen/Ionis)

Dec 2016 Anti-sense oligomer for alternate gene splicing for 
spinal muscular atrophy (SMA)

Luxturna 
(Spark)

Mar 2018 AAV2 treatment for RP caused by RP165 gene

Onpattro
(Alnylam)

Aug 2018 RNAi drug to treat adult hereditary transthyretin
amyloidosis

Fig. 1. Approved and marketed gene therapies.
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A gene therapy for SMA, Novartis’ Zolgensma (onasemnogene abeparvovec), has been 
approved in the US at a list price of USD 2.1 million, and the EMA recommended its conditional 
approval in March, with a request for additional data on long-term safety and efficacy by 2025 
[14]. 

France is now reimbursing Takeda’s cell therapy Alofisel (darvadstrocel) for Crohn’s 
disease in hospitals, at EUR 54,000.

Janssen’s adeno-associated virus-RPGR gene therapy for the inherited retinal disease 
X-linked retinitis pigmentosa has received priority status for assessment from the European 
Medicines Agency under the PRIME scheme [15]. And other upcoming ATMPs include BioMa-
rin’s haemophilia A gene therapy Valrox (valoctocogene roxaparvovec), GenSight Biologics’ 
GS010 for Leber hereditary optic neuropathy, and Audentes Therapeutics’ AT132, a drug for 
X-linked myotubular myopathy [16]. Orchard therapeutics is also expected to file an application 
in Europe for OTL-200, its single-dose gene therapy for metachromatic leukodystrophy [17].

There are an estimated 450 companies across the globe working on the development of 
gene therapies, and 205 of those have narrowed their focus on rare diseases. The number of 
companies working more broadly on regenerative medicine (including gene therapy, gene-
edited cell therapy, cell therapy, and tissue engineering) are estimated at 900, of which a third 
are in Europe. There were more than 1,000 clinical trials underway worldwide by the end of 
2018 (mainly in gene therapy and gene-modified cell therapy, with fewer in cell therapy and 
only some dozens in tissue engineering), and these included 92 in Ph III, 595 in Ph II, and 341 
in Ph I. Global financing raised for the sector in 2018 is estimated at EUR 13 billion, 73% up 
on 2017 [18].

Now the expectation is that some 20–30 new ATMP filings will be made in Europe 
annually over the next 5 years. Preclinical work is underway on solid tumours with autol-
ogous mesothelin-targeting CAR-T. So rapid is the acceleration in the UK that the country’s 
Cell and Gene Therapy Catapult has expressed concerns over how the sector will meet its 
demands for specialised staff. It estimates that the UK’s cell and gene therapy industry’s 
current 3,000 jobs (up from 500 in 2012) will rise to 6,000 by 2024 as more therapies move 
toward commercialisation, with high demand for manufacturing and bioprocessing roles [19] 
(Fig. 2).

Novartis

Luxturna® Zynteglo® Zolgensmar® Kymriah® Yescarta®

CAR-TCAR-TAAV9 vectorAAV2 vector

One-off-treatment

Limited
population

Potentially
curative

Ground-breaking

Uncertainty of
outcomes

Specific
administration

Subretinal injection after
vitrectomy under

anaesthesia, “Ocular GT
treatment center”

Total studied in 41 subjects
(21 Luxturna pts in phase III),

1 year primary endpoint

Significant improvement in
VA in 11/20 (55%) of

the 1st eye, 4/20 (20%) of
the second-treated eyes

Curative promise:
blindness reversion

in inherited retinal disease

Lentiviral vector

Bluebird Bio Novartis Novartis Gilead

US: 1,000–2,500
EU28: 1,500–4,000

In vivo, single subretinal
injection Ex vivo, single IV infusion

US: 1,000+
EU28: 2,500–3,500

Curative promise: 
transfusion independence

in beta-thalassemia

Curative and life-saving promise: 
SMA I

Life-prolonging
in DLBCL and ALL, re-dosed in

few patients

15/19 (79%) achieved
transfusion-independence 

at 2 years

Studied in 32 subjects
2 year primary endpoint,
up to 48 m of follow up

“Qualified treatment centre”,
apheresis, HSCT,

long-term follow up

In vivo, single IV infusion
in peripheral vein Ex vivo, single IV infusion Ex vivo, single IV infusion

EU28: 550–600 infants ALL & DLBCL in EU28:
3,000–6,000 DLBCL: 2,000–5,000

Life-prolonging
in DLBCL and primary 

metastatic B-cell lymphoma, re-
dosed in few patients

Survival at 24 m 12/12 (100%)
in phase I, 1 patient died

due to disease progression
in phase III

ALL 12 m: ORR 61/75 (81%),
OS 49%

DLBCL 12 m: ORR 48/93 (52%),
OS 77% 

12 M ORR 74% (75/101)
12 M OS 60% (60/101)
24 M OS 51% (51/101)

Studied in 36 subjects
14-18 m primary endpoints,

upto 24 m follow up

Studied in 168 patients
1 year primary endpoint

Studied in 101 patients,
1 year primary endpoint,

24 m follow up

“Qualified treatment centre”,
leukoapheresis, CRS

in 58–77% of patients

“Qualified treatment centre”,
leukoapheresis, CRS

in 58–77% of patients

27 treatment centers
in the US (CureSMA)

Fig. 2. Selected 5* gene therapies that have been approved in the EU/US to date.
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The Challenges

Yet, there are numerous challenges facing the sector, complicating the translation from 
research into patient access. The performance of ATMPs still needs to be optimised. Gene 
therapy has yet to deliver fully on its promises for patients. There are scientific, clinical devel-
opment and regulatory issues that hamper development of the sector, including inadequate 
understanding of the way the products act/react in the body, the need for robust and 
predictable manufacturing processes that can produce products that are fit for the patient in 
either an individualised way or in a “very small populations” way, a strong correlation 
between the knowledge of the product and the safety profile and clinical benefit (including 
RWD in the post approval space), and the ability to reduce cost [20].

In contrast to innovation with new chemical entities or biologics such as antibodies and 
vaccines, ATMP development involves substantial scientific and technical uncertainties, 
compounded by limited experience with clinical and commercial use, and difficulties for 
SMEs in accessing funds. The value proposition for these treatments is also complex and chal-
lenging to justify for healthcare systems, as the prices are often high, and the pharmaco-
economic evaluation requires a paradigm shift in approach [21].

EMA’s own recently published regulatory strategy for 2025 spelled out the challenges: 
“The number of applications for approval has been very limited,” and “despite ongoing efforts 
in this area, more remains to be done to address current challenges and those that will rise 
from emerging technological advances in the ATMP field” [2].

Legislation has evolved over two decades both to promote the sector’s potential and to 
safeguard the public. The basic EU rules on pharmaceuticals dating back to 2001 have been 
updated to cover the advancing science and technology. Under EU legislation, stem cells are 
categorised as ATMPs when these cells undergo substantial manipulation or are used for a 
different essential function. They can be somatic-cell therapy products or tissue-engineered 
products, depending on how the medicine works in the body [22]. The EU classifies three 
main types: gene therapy medicines, somatic-cell therapy medicines, and tissue-engineered 
medicines. In addition, “combined” ATMPs may contain one or more medical devices as an 
integral part of the medicine, such as cells embedded in a biodegradable matrix or scaffold 
(detailed definitions are set out in Regulation (EC) No. 1394/2007 and Directive 2001/83/
EC) [23, 24].

Since 2011, the EU’s centralised authorisation procedure for medicines has been adapted 
with defined and customised technical requirements for ATMPs, and specific – and strict – 
requirements relating to risk management and traceability (including retaining data for a 
minimum of 30 years after product expiry). EMA conducts the single evaluation and authori-
sation procedure and continues to monitor safety and efficacy. A specialist Committee for 
Advanced Therapies provides the scientific assessment in a draft opinion on a product’s 
quality, safety and efficacy that it transmits to the EMA’s Committee for Medicinal Products 
for Human Use, EMA’s main scientific body, which produces a recommendation as the basis 
for the European Commission to make the final decision. The CAT also makes recommenda-
tions on the classification of ATMPs, gives scientific advice, and advises on efficacy follow-up, 
pharmacovigilance, and risk management systems. It also organises meetings and workshops 
with experts and stakeholders – including on genome editing technologies, adeno-associated 
viral vector-based gene therapy, and genetically modified cell-based cancer immunother-
apies [25, 26].

In addition to its obvious intention of guaranteeing the highest level of health protection 
for patients, the EU legislation was designed explicitly to ease access to the entire EU market, 
to ensure wide availability of approved products, and to promote the competitiveness of 
European companies in the field.
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But an official review of the ATMP regulation in 2014 concluded that while it had protected 
patients from unsound treatments, it found shortcomings across manufacturing, early and 
later phases of development, the marketing authorisation process, and the post-marketing 
setting. The EU response was to confirm that it was committed to supporting the development 
of ATMPs and was determined to “ensure that the regulatory framework supports – and not 
hinders” their development [10]. This response took concrete shape with an EU action plan 
agreed in 2017 (and updated twice in 2018), aimed at streamlining procedures and meeting 
developers’ specific requirements more smartly [27]. Efforts have also been made by regu-
lators to reduce administrative burdens and adapt manufacturing requirements to the specific 
characteristics of ATMPs: a specific GMP framework for ATMPs was created, and EMA 
organised specific training sessions for national inspectors to align their approaches. An 
updated guideline on “Quality, preclinical and clinical aspects of gene therapy medicinal 
products” (EMA/CAT/80183/2014) was published in 2018, and work got underway on 
guidelines on quality, non-clinical and clinical requirements for applications for clinical trials 
for ATMPs, and on quality, non-clinical and clinical aspects of medicinal products containing 
genetically modified cells, as well as on adapted guidance on Good Laboratory Practice for 
ATMPs. An EMA Q&A on the risk-based approach for ATMPs that have not been subject to 
substantial manipulation was published in 2017 to explain how this can provide flexibility 
and reduce requirements for a marketing authorisation application depending on specific 
risks. And 2018 saw an update to the procedural advice on evaluation [28] and a draft revised 
guideline on safety and efficacy follow-up and risk management [29]. And it took 12 years, 
but the European Commission published in 2019 the guidelines on good clinical practice 
specific to ATMPs that it was mandated to produce back in 2007. Approval of clinical trials 
for ATMPs remains a national competency, and some EU-level guidance has long been felt to 
be lacking [30].

While legislation and regulation may serve to limit and control risk and to maintain stan-
dards, there are many outstanding challenges that the authorities do not – yet, and perhaps 
never will – resolve. Surveys of the European sector have highlighted some major hurdles 
across the broad range of ATMP activity. 

The complexity of products such as CAR-T cell therapies means that their translation 
from basic and pre-clinical research to clinical trials poses many challenges that slow down 
clinical development. In preclinical development, the needs identified include more access to 
molecular imaging, greater certainty over the right models and over the criteria for robust 
preclinical assessment, insufficient information on immunogenicity, and imprecision over 
quality standards. Good predictive safety models for ATMPs in general and for cell therapies 
in particular are also lacking.

In clinical development, problems arose from the inevitably small size of trials, the 
disease dependence of clinical trial designs, the need for long-term monitoring of patient and 
socio-economic impact, and the lack of funding for trial design and implementation [31].

Safety remains a critical challenge for gene therapy. In May 2020, one child died from 
sepsis and two others suffered severe side effects in a clinical trial of AT132 run by Audentes 
Therapeutics, and in June 2020, one of these two children suffering from side effects had also 
died. The gene therapy AT132 is designed to treat X-linked myotubular myopathy, a deadly 
disease caused by mutations in a single gene. All these three children had high doses of AT132, 
and the clinical trial has been officially put on hold [32].

Manufacturing presents a wide range of challenges. It suffers from a lack of robust potency 
assays for ATMPs, supplies of new materials such as cells and vectors, the heterogeneity of 
product types (viral/non-viral; cells; nucleic acids; other biologics etc.), and the lack of phar-
macopoeial monographs for pharmaceutical grade raw materials. The materials are not 
“industrialised,” and there is no established “standard” for them.



8Biomed Hub 2020;5:511678

Horgan et al.: Propelling Healthcare with ATMPs

www.karger.com/bmh
© 2020 The Author(s). Published by S. Karger AG, BaselDOI: 10.1159/000511678

In manufacturing at scale and with consistency, there is a lack of common best practices 
and “automated” production platforms that hinders the translation of therapies to real, cost-
effective commercial products. The quality and supply of the raw materials suffers from 
variable levels of purification following production, influencing functionality and stability. 
High variability of starting material particularly affects autologous cell therapies. Where 
materials used in the process are “non-standard” and are supplied by non-industrialised 
suppliers, the consequences can be batch-to-batch inconsistency, and single sourcing issues. 
The challenges are amplified by the absence of an aligned quality framework tailored to the 
needs of single to small patient numbers, and scaled to control the risks to these patient popu-
lations, as opposed to scaled for large traditional pharmaceutical batch sizes. In general, there 
is a lack of manufacturing know-how, regulatory sciences, and Current Good Manufacturing 
Practice (CGMP) related to ATMP usage. There is a shortage of well-trained engineers and 
production and QC personnel that understand the manufacturing processes and are capable 
of developing automated/robotic methods and common platforms. Mature analytical tech-
nology/capability (beyond potency) that can adequately characterise the product is lacking. 

Due to these deficiencies, new developments that would lead to a more consistent and 
reproducible manufacturing of ATMPs are in need of investment. For genetic therapies, the 
purification of the viruses is problematic and cumbersome. During an infection of the host cell 
not only infectious virus particles are produced, but also empty virus particles without 
genomes. More characterisation is required of the process of virus production at the cellular 
level to deliver high-quality infectious particles and limit the empty particles. Large-scale 
purification technologies to enrich the infectious virus particles in the final gene therapy 
product are not available. Qualified small-scale models are lacking, and the knowledge on 
formulation of the final product of a genetic therapy is restricted. This results in high 
production costs combined with considerable regulatory challenges and quality concerns. 
Many current manufacturing methods are developed at universities, hospitals or in SMEs and 
are difficult to transfer/scale up to commercial processes that are needed for the market. 
Cost-effective processes are needed that guarantee high quality and safety of the products 
delivered. There are also uncertainties with respect to long-term effect (persistence) of each 
of these (cell therapies and gene therapies) and the role that re-treatment might play, even 
many years out, in the overall outcome for patients [18].

Once marketing authorisation is granted, decisions about price and reimbursement take 
place at the level of each member state in the context of the national health systems. On health 
technology assessment, pricing and reimbursement, and market access, major problems are 
frequently cited as a major barrier for ATMP developers, particularly in Europe where 
national approaches vary widely, and it is frequently argued that the consequences, in terms 
of delay, uncertainty, and limitations, require a systematic solution. There are differences 
with regard to acceptance of real-world evidence in HTA and pricing among European coun-
tries – requiring a shift in approach, especially for drugs with conditional approvals, orphan 
drugs or advanced medicinal therapy products (Fig. 3). 

The use of real-world evidence of clinical utility is needed, as is education and training 
for health professionals, regulators, HTA experts, and payers. 60% of development of ATMPs 
is executed by research centres and hospitals – none of them with any commercial capability. 
There are difficult trade-offs in HTA between meeting the customary demands for head-to-
head comparators and what is ethically possible, and between long-term follow-up require-
ments and costs. There are frequent calls for a modification to the way HTAs assess ATMPs, 
particularly before the next wave of gene therapies are approved. There is insufficient 
alignment between regulatory early access pathways and reimbursement pathways [33]. 
Adequate education is seen as an essential complement to the development and use of gene 
therapy, and the education has to extend beyond patients and clinicians to the entire 
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community, with an alignment of the knowledge base on the current scope (and limitations) 
of gene therapy. Well-informed medical professionals are indispensable – but so too are well-
informed commissioners of and payers for gene therapy, and well-informed carers of patients 
who might benefit.

Market withdrawals of authorised ATMPs show that a sustainable business model still 
has not emerged, according to pharma executives from companies that have taken authorised 
drugs off the market. MolMed’s cell therapy Zalmoxis was approved conditionally in the EU 
in August 2016 for patients with high-risk haematological malignancies who have had haplo-
identical haematopoietic stem cell transplants, but was overtaken by the pace of advances in 
the transplant field. The company admitted it had taken too long to bring the therapy to the 
market, and bone marrow transplantation moved on faster [3]. Chiesi, which owned the 
commercialisation rights to Glybera (alipogene tiparvovec), but ceased marketing it, said the 
system is not sustainable, and especially true for rare diseases “where the business model just 
does not add up” [34].

NICE’s programme director of scientific affairs Nick Crabb says the uncertainty 
surrounding gene therapy efficacy and long-term durability will likely “be with us for a long 
time,” and more experience is needed with these products before they can confidently be 
considered curative. German health insurance agency GKV-SV has urged the application of 
retroactive pricing to all ATMPs [35].

There are tensions over the provision within the EU regulatory framework to treat 
patients with ATMPs in the absence of a marketing authorisation under a so-called hospital 
exemption (HE) designed to cater for a limited number of patients, to facilitate early access 
of new treatments in case of unmet medical needs. A HE can be granted when the product is 
prepared on a non-routine basis according to specific quality standards and used in a hospital 
under the exclusive professional responsibility of a medical practitioner. There are long-
standing concerns among European manufacturers of advanced medicines that this exposes 
them to unfair competition. They point out that national interpretations of this provision 
vary, and that a lack of GMP facilities in hospitals jeopardises quality standards for these 
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products. They are not equivalent to centrally authorised advanced medicines, says industry, 
citing “the risk unlicensed products may pose to patient safety,” because the innate complexity 
of ATMPs means that “even slight differences in molecular structures, in the cellular compo-
sition of the final products, or in the different manufacturing steps that are necessary to 
ensure consistent high-quality products” can have a major impact on their clinical profile and 
performance [36]. “Substantial differences in their product characteristics have the potential 
to drive variation in quality, safety and/or efficacy,” says a recent EUCOPE statement: “It is 
not in the best interest of patients to substitute a centrally authorised ATMP with a less rigor-
ously tested hospital exempted ATMP that has not gone through a robust quality/safety/
efficacy assessment.” The exemption can dilute regulatory oversight and disincentivise 
private investment, and if misused could be a threat to innovation and protection of intel-
lectual property, they argue, urging harmonisation across the EU. They say use of these 
exempt products should be permitted only when there are no centrally authorised ATMPs or 
clinical trials available in a member state for the product’s indication. Their use “should be 
medically justified, and it should be demonstrated that an authorised ATMP or medicinal 
product or clinical trial with an ATMP for the same indication would not be suitable for the 
patient,” EUCOPE urges in the face of what it sees as the growing number of unregulated 
applications of HE, which do not require the long and costly safety, quality, and efficacy 
demonstrations that industry is subject to [37].

Regulators themselves have faced difficulties in reaching decisions. The EMA’s assessment 
of alipogene followed protracted deliberations in which the file was examined and voted on four 
times, and the conventions – if not the rules – governing EMA procedures were all but thrown 
out of the window. The EMA rejected its approval despite a favourable recommendation by the 
specialist CAT committee, demonstrating the need for clarifying the relationship between 
Committee for Advanced Therapies (CAT) and Committee for Medicinal Products for Human Use 
(CHMP), and for some greater recognition that many issues in the regulatory dossier of ATMPs 
require specific understanding of gene and cell therapy products in addition to a robust general 
knowledge of the issues of traditional pharmacology. CAT members themselves maintain that 
the rapidly evolving field of gene therapy needs an integrated approach [34].

And national regulators’ approaches can vary. The FDA has a reputation for quickly 
taking control of applications and tending to dictate how the sponsor should progress it. 
Germany’s drug regulator, BfArM, has been accused of being “bureaucratic” because of the  
16 different states it represents. France’s drug regulator, ANSM, is characterised as “risk-
averse” – a trait echoed in most European states, say some commentators, which can lead to 
sponsors facing not just one or two questions back about a drug application, but multiple 
pages of questions. Success will depend on the attainment of a more global approach – with 
agreement on aspects as diverse but fundamental as criteria for approval, conditions for 
patient follow-up, practices for data collection, and standards for outcomes.

Brexit has added to the challenges for ATMPs – as for so many other aspects of European 
life. The administrative difficulties arising from the forced relocation of EMA from London 
meant that work on more than 100 guidance documents had to be put on hold – including the 
guideline on the comparability for ATMPs, which was intended to address a recurrent issue 
for almost all ATMP developments where manufacturing changes take place during the 
product development. In addition, the development of gene and cell therapy – in which the 
UK is a leading force in both basic science and clinical translation – is faced with unhelpful 
uncertainty over its future relationship with EU-funded science [38] (Fig. 4).

And there are numerous intrinsic scientific questions that require elucidation. Currently, 
it is very difficult to know which patients will respond well to an advanced therapy and which 
will experience serious side effects. T cells are an important part of the immune system, and 
in recent years scientists have succeeded in creating “engineered” T cells designed specifically 
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to fight cancers. However, when developing T cell therapies, it is very hard to predict serious 
toxicity issues, and it is also hard to estimate accurately how well a treatment will work. There 
are challenges with CAR-Ts: their association with unique, specific, and acute toxicities. And 
there are challenges in production of engineered T-cell therapies in line with good manufac-
turing practice. And for all their current success in the haematological malignancies space that 
CAR-Ts are currently approved for, they have been less effective in solid tumours.

There are gaps in the current understanding of viral-mediated gene therapy and cell 
therapy, which hold up progress with advanced therapy products in terms of biology and 
safety. Regulatory agencies have to consider theoretical concerns in this emerging field, 
largely due to a lack of supporting data and evidence [39].

There are wide gaps in patient centricity and patient perspectives in ATMP development, 
with a lack of registries or other systematic recording or collection. 

Views on pharmacogenetics and gene therapy differ across European countries, but there 
are concerns over its use in less severe conditions and high levels of fear in its application to 
brain conditions over sufficient prior information. And in the area of ethics, germline gene 
therapy’s potential for correcting and eliminating genetic deficiencies at the developmental 
stages of a cell raises issues of genetic enhancement beyond the therapeutic applications of 
this technology. Public concerns have been noted over the ethics of enhancement, particularly 
in relation to access, and to discrimination. It may be necessary to incorporate effective public 
debate over social and ethical concerns into a regulatory process which is primarily concerned 
only with the efficacy of new technologies [40].

Some Solutions

The development and production of cell-based therapies, tissue engineering, and gene 
therapies feature prominently in the current IMI strategic research agenda, along with estab-
lishment of regulatory pathways and frameworks and payer framework to support the 
authorisation of new medicines [41].
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A EUR 30 million project on accelerating research and innovation for ATMPs will aim to 
boost understanding of the factors that trigger an immune response to ATMPs, and develop 
tools to study them. Working with regulators, it will aim to ensure the tools and data generated 
are in line with what regulators need to assess ATMPs. The topic will focus on rare diseases 
caused by a single gene mutation, but many of the findings will be applicable to other diseases. 

A EUR 17.5 million project on the development of engineered T cells to fight cancer will 
aim to predict serious toxicity issues and how well a treatment will work. Other projects aim 
at developing pre-clinical models to better predict safety and efficacy in CAR-T therapy, with 
a regulatory frame for the translation of pre-clinical findings into the clinic, and standardised 
monitoring methods for predicting product immunogenicity in humans, to improve under-
standing of gene/cell therapy drug metabolism inside a host. Standardisation of analytical 
procedures could also improve comparability of CAR-T-cell batches [42].

It is not appropriate to speak of a “guarantee” of quality or safety of these products 
because the mechanism of action is complex and poorly understood, and effectiveness 
relies on harnessing innate attributes of the body’s physiology (immunology, or nucleic 
acid repair, and division) in the face of the reality that each patient is different. There are 
no good animal models for safety assessment of these products. The side effects are poorly 
understood, and the characteristics of the product that cause these side effects are not well 
characterised. In addition, viral vectors as gene editing tools have the potential to damage 
the target cells where they initially enter and insert the repair. This can cause organ/tissue 
damage and can even lead to death. Pre-existing immunity to the viral vectors can prevent 
incorporation of the repair due to the immune clearance of the vector before reaching the 
target cells. It will require years to assess attributes such as persistence of an intended in 
vivo gene therapy.

On manufacturing, the Innovative Medicines Initiative (IMI) will aim to conduct research 
into flexible and cost-effective processes to maximise quality and safety, and develop simple 
and robust analytical tools to assure controlled and safe production, including effective 
methods to detect and prevent adventitious agent contaminations. It will develop vaccine and 
protein formulation and investigate excipients that increase stability, especially with regard 
to proteins and the new and complex multivalent vaccines, in order to allow a unified regu-
latory approach accepted by global health authorities.

To achieve sustained therapeutic efficacy in gene therapy, it will conduct research into 
countering risks around the persistence of the effect and re-dosing the vector, so as to allow 
treatment of broader populations.

Specifically for ATMPs, IMI projects are planned to develop closed and automated 
production systems, and highly sensitive analytical tools/methods for increased scale and 
improved robustness of manufacturing processes. A further objective is to foster progress of 
manufacturing know-how, and to provide education related to ATMP acceptance and reim-
bursement and good manufacturing practice. This is intended to promote “a fully-fledged 
industrial activity to make the EU more competitive and make advanced therapy products 
available to all patients in need” [43] (Fig. 5).

An important contribution to gene technology evolution could come from IMI through 
focused development efforts in data platforms to allow correlative analysis across product 
attributes and patient outcomes. This has potential for driving innovation based on data that 
demonstrates what is important for safety and efficacy of these products.

Public/private partnerships with institutions that look at promising products and 
industry sectors offering new technology and capacity would help in this field where tech-
nology is changing so rapidly – rendering the technology used in the development of Kymriah 
and Yescarta outdated. It would also be valuable if they could promote a move from the tradi-
tional form of regulation to a framework where the process is reviewed and “versioned” at 
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the technology level, and the product is reviewed and evaluated on the health benefit it brings 
to patients.

The new guidelines on clinical trials rules for ATMPs, now in force, confront the issues of 
manufacturing constraints and short shelf-lives, or where the mode of application makes 
placebo controls difficult. In line with the growing regulatory recognition of the importance 
of real-word data, the guideline also openly states that “the long-term effects of the product 
may require specific arrangements for long-term follow-up of the subjects,” and “it is recog-
nised that it may not always be feasible to generate relevant non-clinical data before the 
product is tested in humans.” The choice of study population should consider whether the 
potential risks of the ATMP are less favourable than with existing alternative approaches, 
particularly in long-lasting or irreversible treatments. For trials with paediatric subjects, 
prior studies in adults should be performed unless the condition is life-threatening, and for 
populations that might ultimately be amenable to transplantation, sponsors should consider 
whether exposure to the ATMP potentially compromises future transplant success. Special 
caution should be exercised in cases of life-threatening diseases, where there is a risk that 
trial subjects may not survive until the administration of an investigational medicinal product 
that requires long manufacturing periods. The end of the trial should be defined without 
ambiguity, because the mode of action, novelty, and scientific uncertainties in connection 
with ATMPs may require patients to be on long-term follow-up [44]. In addition to observing 
the EU guidelines agreed in 2017 on good manufacturing practice for ATMPs, sponsors should 
take account of the impact of the variability of donor- or patient-based starting material when 
defining release specifications for cell-based ATMPs (such as cell numbers or transduction 
efficiency). In autologous settings, the impact of the disease status of the patient on the quality 
of the starting material, and the potential variability of the final drug product, should be 
considered. In case of complex handling processes, sponsors should provide investigators 
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with adequate training. For tissues and cells of human origin as starting materials, documen-
tation should confirm that the donation, procurement, and testing are in accordance with EU 
rules and that a traceability system enables the bidirectional tracking of cells/tissues. Where 
an ATMP incorporates a medical device, full information must be provided on the character-
istics, performance and intended use of the device, and whether it meets the safety and perfor-
mance requirements under the EU’s 2017 regulation. Full information on the product and its 
risks must be provided to investigators, including the potential consequences for a patient 
requiring further treatments for the targeted disease – since an immunoglobulin treatment 
later in life could impact on expression of the introduced gene by antibody interaction, for 
instance. Detailed information should be provided on product handling, containment and 
disposal, with the level of information “commensurate to the risks,” particularly for ATMPs 
that contain infectious biological material, or a bacterial or viral vector with the potential for 
shedding. Where applicable, the subject should be informed of the irreversible nature of an 
ATMP, and of risks to close contacts and offspring, or if the treatment could compromise 
future pregnancies [45].

In terms of national regulation, some agencies are aiming at providing specific assistance. 
The UK’s MHRA describes its job as to “guide [pharma] through the regulatory maze,” and in 
recognition of ATMPs, it has set up an innovation office to advise on planned filings of ATMPs.

On reimbursement, increasing success is being found in identifying functioning models. 
Yescarta and Kymriah (list price for both around EUR 300,000) are authorised for their 
respective cancer indications in the EU5, and they have obtained reimbursement in several 
countries with a year, providing real-world examples to managing the data uncertainty and 
addressing the affordability challenges. Spain and Italy are demonstrating novel outcomes-
based reimbursement to move beyond the more traditional reimbursement schemes and 
provide reward instead based on treatment success, with the deferred payments circum-
venting the customary annual budget cycle of healthcare payers and manufacturers. Italy 
uses registries in conjunction with managed entry agreements to provide a sustainable model 
to reimburse advanced therapies and to adapt the cost for each patient, on a payment-by-
results basis – the model it used for Strimvelis. 

Novartis/AveXis has received conditional approval for its gene therapy Zolgensma for 
SMA in the EU in May 2020, and will launch in Germany at a hospital price of EUR 1.945 
million at select neuropaediatric centres, with the hope to reach a “smart deal” allowing UK 
patients access by the end of the year. To enable payer and health systems adapt to the inno-
vative gene therapy with an extremely high price tag, Novartis/AveXis has designed and 
implemented a “Day One” access program to align the costs even before national pricing and 
reimbursement negotiation. This program provides several customisable options, including 
retroactive rebates, outcomes based rebates (the risk of tiered refunds of up to 100%), 
training for healthcare professionals on the administration of the therapy and follow-up care, 
and access to a global SMA registry [46, 47].

In France and the UK, reimbursement for Yescarta and Kymriah is based on Coverage 
with Evidence Development, and future price and reimbursement reassessment will be based 
on a combination of both longer-term follow-up from the ongoing trials and real-world data 
from national clinical practice. In the UK, RWD is helping the uptake of CAR-T therapies via 
NHS England’s national CAR-T clinical panel, a centralised process for establishing eligibility. 
NICE says that RWD is important to assess value for future ATMPs “since these products do 
not come with a body of evidence that NICE is used to” [48].

NICE has produced final guidance on eight ATMPs, seven of which are cell and gene ther-
apies, and has issued positive recommendations for use in the NHS on most of them, although 
underlining that innovative payment models are needed to help timely patient access while 
data for ATMPs remain immature. NICE is reviewing Novartis’ one-off gene therapy Zolgensma 
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in 2020, and it has assessed Novartis/Spark Therapeutics’ GBP 613,410 gene therapy Luxturna 
via its highly specialised technologies programme for treatments for very rare diseases [49]. 
The UK is also launching a GBP 500 million Innovative Medicines fund with a wider scope 
than the cancer fund it replaces [50].

In Germany, Takeda reached an agreement with umbrella payer group GKV-Spitzen-
verband for its cell therapy Alofisel at a hospital price of EUR 51,400, lower than its EUR 
60,000 2018 launch price [51].

In the US, Spark has launched a “successful outcomes-based payment model,” in which, 
payers can be eligible for rebates if the USD 850,000 treatment does not achieve certain visual 
ability as measured by an eye test [52]. Bluebird bio has developed a model based for Zynteglo 
on outcomes-based payments, in which five equal-based payments are spread out over 5 
years [13]. It is looking to negotiate that “in the key markets within the EU, including the UK.” 
There is also interest in what is described as “the Louisiana Netflix model,” which acts as a 
subscription service, where a subscription to the manufacturer allows access to as much 
treatment as required for an indication [53]. There is a trend towards outcomes-based 
payment models, where reimbursement depends on achieving pre-agreed targets, based on 
data measurements co-produced by patients, clinicians, commissioners, and local government. 
Industry must be “open minded,” according to Jim Thomson, Pfizer’s senior manager for 
market access and gene therapy, as innovative payment models will be needed to support 
dozens of new ATMP filings in Europe every year, he predicts.

The atmosphere in Europe is sufficiently attractive for Gilead to open a new CAR-T cell 
therapy production facility in the Netherlands, able to produce 4,000 CAR-T cell therapies can 
be produced annually – a step forward in making CAR-T cell therapy available to eligible 
European patients, since previously each individual patient’s cells were shipped to a facility 
in Los Angeles for treatment [54].

Much depends in all these approaches on the ability to furnish data. A project is now 
underway on ATMP patient registries of outcomes data and evidence may help. This aims to 
pilot the benefits of a holistic, pan-EU registry for a specific rare disease (e.g., Duchene 
muscular dystrophy; haemophilia) serving the needs of academia, scientific associations, 
industry, patient organisations and healthcare payers. It will also address the current gap in 
patient centricity and patient perspectives in ATMPs, which currently often go unrecorded. 
Once completed, the pilot could potentially serve as a model for other rare diseases and 
provide patients with better access to innovative medicines [55].

There are also tight safety requirements. A large proportion of ATMPs are developed for 
rare to ultra-rare disease, which has an impact on the type of clinical trials (often without 
control arm) and the size of the safety and efficacy database at the time of approval. It is a 
legal requirement to have a follow-up of safety and efficacy of ATMPs after approval: post-
authorisation safety studies, and post-authorisation efficacy studies can be imposed for post-
authorisation evidence generation of the ATMP. These studies can be observational, based on 
disease or product registries, but when registries are used as data source for such studies, 
there have to be case-by-case decisions on data elements, ATMP-specific data sets, data 
quality, consistency, accuracy, and completeness [56].

Access to treatment is seen as a key objective, but alongside is the recognition that access 
can come at a cost to health system budgets. Many issues around pricing and reimbursement 
remain open, leaving questions of patient access unresolved. Experts consulted in the devel-
opment of this paper urged greater creativity in this field. The option of payment by results 
is confronted by the difficulty of agreement over calculations of benefit to societies. The role 
of health technology assessment bodies remains under discussion in Europe, in the absence 
of an EU-level agreement on coordination (and acceptance) of joint assessment, and on the 
distinction between HTA and national pricing and reimbursement processes. Without a 
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deeper understanding among HTA bodies of the potentially transformative impact on patients 
of the cure that some gene therapy could offer (and of the potentially beneficial economic 
impact on health systems…), the concern persists among developers that the opportunity cost 
of declining reimbursement is also unappreciated.

The value-based pricing model that has frequently been advocated by research-based 
companies, where the price of the therapy is estimated as a measure of the value it brings to 
patients and society, is seen as inadequate by many commentators, who fear it leaves health 
services vulnerable to high price demands, particularly for single-source products. Alterna-
tives aimed at imposing controls, including “reasonable pricing” (based on demonstrated 
research and manufacturing costs), or sharing information among national authorities on 
actual prices paid, have yet to find universal favour or demonstrate their feasibility. One 
suggestion for action to secure reasonable pricing of gene therapy products is to incentivise 
gene therapy companies by an appeal to corporate social responsibility principles [57]. This 
envisages action by payers to encourage companies to create ad hoc subsidiaries for gene 
therapy products, gaining official status for the pursuit of social goals in parallel to the clas-
sical pursuit of shareholder value. By acquiring this form of legal status, companies should be 
able to leverage the social impact of their pricing in their performance indicators, thus 
affording them the opportunity to bring their pricing down to a “market-consistent” level in 
order to enhance their social performance, the authors recommend. A further step would be 
for payers to make reimbursement of gene therapy products conditional on their commer-
cialisation by companies certified as having this status.

Other views of pricing and payment mechanisms were proposed by ICER (source: ICER-
Gene-Therapy-White-Paper), including outcomes-based agreements, reinsurance, and 
various modes of payment amortisation. But ICER recognised the challenges of generating the 
sort of robust clinical evidence needed by decision-makers when only very small patient 
populations are involved, complicated by the novel aspects of gene therapy. The clinical gains 
offered by potential “cures” will be difficult to value when, in the absence of long-term data, 
there is no guarantee of long-term safety or of the durability of clinical benefit. So, agreement 
will be needed on how to make clinical trials that can offer real guidance for decision-making 
by payers and other authorities – as well as by clinicians.

ICER insists that to sustain future innovation in gene therapies while managing concerns 
regarding affordability, all stakeholders – manufacturers, payers, patients, and policymak- 
ers – will need to take vigorous and collaborative action to establish clear outlines for a compre-
hensive approach to evidence generation, assessment, pricing, and payment. It recommends 
early dialogue between manufacturers, payers and regulators on outcomes, trial design, post-
approval studies, target population size, patient eligibility and the role of the therapy within 
the care pathway, approved treatment centres, and the agreed criteria for calculating value. It 
also urges the creation of patient registries for collection of real-world evidence. It recom-
mends manufacturers to be ready with concrete proposals for financing any amortised 
payment system they might propose. And it urges payers to upgrade their information base 
and develop categories of gene therapy so as to tailor policies according to distinctive types of 
therapy.

Consolidating Nascent Success into a Better Healthcare System

The challenge now is how to make these 21st century breakthroughs available quickly, 
widely, responsibly, and in an economic context consistent with health system sustainability 
and an innovation-friendly climate. This requires a critical look at current legislation and the 
current systems for product assessment and funding. There will also have to be a careful 
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selection of disease targets linked to the vector systems available. And to do that will have to 
involve collaboration among all stakeholders: governments, doctors, insurers, patients, and 
pharmaceutical companies.

There are already positive signs of an improving climate and a more coherent approach. 
The CAT work plan for 2020 gives some concrete indications. In terms of pre-authorisation 
activities, it plans to finalise the revision of its guideline on quality, non-clinical, and clinical 
aspects of medicinal products containing genetically modified cells, after external consul-
tation and in collaboration with the BWP. And it will finalise the development of a guideline 
on quality, non-clinical and clinical requirements for applications for clinical trials for ATMPs 
after external consultation. Its post-authorisation activities include timely implementation of 
registries and post-authorisation studies for ATMPs – and CAT will co-ordinate with existing 
EMA initiatives relating to registries and cross-committee collaboration including Pharmaco-
vigilance Risk Assessment Committee (PRAC) and CHMP, and provide a framework for opti-
mising regulatory requests for registries, so that requests are feasible, and study designs are 
capable of answering a specific safety/efficacy question.

CAT will also reflect, in collaboration with EMA, on how to enhance regulatory support 
on safety studies and registries during product development (e.g., via PRIME/Scientific 
Advice), and ensure, in collaboration with PRAC, that protocols are evaluated during the 
marketing authorisation procedure, and contribute to the development (by CHMP) of guidance 
on best use of and standards for registries for regulatory purposes. This will also take into 
account existing guidance, engagement with patient registries, and interactions with HTAs.

And crucially, it will set up a COMP-CAT working group to optimise the interaction and 
output of the two Committees in assessment of orphan ATMPs, and a PDCO-CAT working 
group to optimise the interaction and output of the two Committees in development and 
assessment of paediatric ATMPs [58].

The implications of the (now-delayed) implementation of the new medical device/in 
vitro diagnostics regulations on ATMP development will also be reviewed, with a CAT medical 
device focus group to follow implementation, and with a possible updating of the procedural 
advice on the evaluation of combined ATMP and the consultation of Notified Bodies. Thought 
will also be given, in collaboration with EMA, to enhancing regulatory support via PRIME/
Scientific Advice on MD/IVD-related aspects during product development, and training will 
be arranged for CAT members on MD/IVD [59].

Meanwhile, in parallel to the evolution of regulation and guidance, regulators are assisting 
the emergence of ATMPs in practical ways. EMA increasingly gives scientific support to devel-
opers in designing pharmacovigilance and risk management systems for ATMPs, through 
early dialogue with multidisciplinary or multi-stakeholder expert teams. EMA procedures for 
scientific advice are also being streamlined, including by strengthening interaction between 
EMA’s committees with responsibilities for ATMPs. And increased interaction between EMA 
and EUnetHTA is underway on product evaluation, to increase understanding of health tech-
nology assessment, regulatory processes, and clinical added value of ATMPs. ATMPs are 
constantly on the agenda of the EMA-linked Innovation Task Force, a scientific, regulatory, 
and legal forum for early dialogue with applicants. The legislation also created incentives, 
including fee reductions for scientific advice and for marketing authorisation, with particular 
significance for smaller firms and for hospitals [60] (Fig. 6).

There are also encouraging signs in the broader EU context, despite the difficult circum-
stances of the coronavirus pandemic. The new EU health programme with its EUR 9.4 billion 
budget has among its top objectives to improve the availability of medicines, medical devices 
and other crisis relevant products, contribute to their affordability, and support innovation. 
And its own criteria for success will be measured by progress in access to centrally authorised 
medicines, in terms of number of orphan authorisations, ATMPs, paediatric medicines, and 
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vaccines for unmet needs. It will support clinical trials to speed up the development, authori-
sation, and access to innovative, safe and effective medicines and vaccines, support action to 
ensure greater availability of medicines, and support action to encourage the development of 
innovative products [61].

In the EU’s new pharmaceutical strategy, announced for late 2020, procedures for accel-
erated development and assessment could be reviewed, particularly in light of the “opportu-
nities brought by gene therapies and personalised medicine.” And one of the questions posed 
in the consultation on the strategy focuses on the HE. “Certain medicines are developed based 
on genes, cells, or tissue engineering. Some of these products are developed in hospitals. 
These are covered by the notion of advanced therapy medicines. “Is the current legal 
framework suitable to support the development of cell-based advanced therapy medicines in 
hospitals?”, it asks [62]. The pharmaceutical strategy could also become the forum for 
advancing the discussion of adequate manufacturing capacity in Europe – not just for active 
ingredients, but to produce valuable innovations.

Both the EU cancer mission now in preparation, and the EU beating cancer plan, on which 
consultation is also underway, are likely to add to the support for ATMPs, in view of their 
growing role in oncology.

And the EU is showing a new degree of regulatory pragmatism in the face of the 
COVID-19 disruption, with greater flexibility being exercised over administrative arrange-
ments in the conduct of clinical trials during the crisis, and accelerated procedures for 
product authorisation – down from 9 weeks to 1 week for paperwork. It is also responding 
to the urgency of the pandemic challenge by easing state-aid rules for researching ther-
apies and preventive measures, and even investing directly in vaccine manufacture, both 
via its advance purchase agreements, and in its support for a European vaccine candidate 
from BioNTech, with EUR 100 million from the European Investment Bank for its devel-
opment programme with mRNA vaccines [63]. And it plans to circumvent the delays in 
meeting environmental risk assessment for coronavirus vaccines based on attenuated 
viruses and viral vectors that fall under the definition of genetically modified organisms, 

Yescarta®

Non-interventional post-authorization safety
study (PASS): In order to assess the safety
profile including long term safety in
patients with B-lymphocyte malignancies
treated with axicabtagene ciloleucel in the
post marketing setting, the applicant
should conduct and submit a study based
on a registry.

•

Update reports: Annual safety reports
and 5-yearly interim reports

•

Final report of study
results: December 2038

•

Kymriah®

Non-interventional post-authorization safety study
(PASS): In order to further characterize the safety –
including long-term safety – of Kymriah, the
applicant should conduct and submit a study based
on data from a disease registry in ALL and DLBCL
patients. Update reports: annual safety reports and
5-yearly interim reports. Final report of study results:
December 2038 post-authorization efficacy study
(PAES): In order to further evaluate the efficacy and
safety of Kymriah in ALL patients below the age of
3 years, the applicant should conduct and submit a
study based on data from a disease registry in ALL
patients. Update reports: Included as part of the
annual reports of the non-interventional PASS Final
report: December 2023

•

Post-authorization efficacy study (PAES): In order
to further evaluate the efficacy of Kymriah in
patients with relapsed/refractory DLBCL, the
applicant should conduct and submit a prospective,
observational study in patients with r/r DLBCL
based on data from registry with efficacy outcome
measures in line with study C2201, including details
of the manufacturing turnaround time (i.e. time from
last relapse or confirmed refractory status, time
from decision to treat, and time from leukapheresis
to infusion). June 2022

•

Two additional PAES ending June 2022 and August
2023 respectively

•

Zynteglo®

In order to further confirm the appropriateness of
the acceptance criteria, the MAH should re-evaluate
the acceptance criteria for attributes related to
potency tests using batch release data and clinical
results after 6 months follow-up of 20 patients
treated with commercial batches. Interim report: at
each annual renewal when 20 patients have been
treated with 6 months follow-up

•

Non-interventional post-authorization safety and
efficacy study: in order to further characterize and
contextualize the long-term safety and efficacy of
protocol submission: 23 Zynteglo in patients 12
years and older with transfusion-dependent
β-thalassaemia (TDT) who do not have
a β0/β0 genotype, the MAH should conduct and
submit the results of a study based on data from a
product registry (REG501) and use data on patients
treated with transfusions and/or HLA-matched
allogenic HSCT treated patients from an established
European registry as a comparator group. July 2020
Interim results: – at each annual renewal - Dec. 2024
– Dec. 2034 Final results: Q4 2039

•

Luxturna®

The MAH shall complete, within the stated
timeframe, the below measures: description due
date SPKRPE-EUPASS: non-interventional PASS:
In order to further characterize the safety including
long-term safety of Luxturna, the applicant should
conduct and submit a study based on data from a
disease registry in patients vision loss due to
inherited retinal dystrophy caused by confirmed
biallelic RPE65 mutations

•

In order to further evaluate the long-term efficacy
and safety outcomes of Luxturna in adult and
pediatric patients with vision loss due to inherited
retinal dystrophy caused by confirmed biallelic
RPE65 mutations, the applicant should submit the
long-term efficacy and safety follow-up of trial
participants who received Luxturna in the clinical
programme ( 15-year follow-up) 31 December
2031

•

Fig. 6. Follow-up requirements of recently approved Gene Therapies in Europe – Outcome uncertainty led 
EMA to impose a systematic risk management plan to recently approved Gene.
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and that would otherwise be subject to specific EU biotechnology legislation, with the risk 
of “significant delay, particularly for multi-centre clinical trials” that are needed to generate 
robust and conclusive data on COVID-19 vaccines. 

ATMPs feature prominently in the reinforced EU-US collaboration on medicines, with 
senior officials from the Commission, EMA, and FDA acknowledging the “similar regulatory 
challenges on both sides of the Atlantic,” and agreeing to encourage early parallel scientific 
advice and to strengthen collaboration on common scientific approaches on regulation [60].

Additional assistance may emerge in the shape of the (also delayed) 2014 regulation on 
clinical trials, bringing more harmonised and swifter processes for approval of clinical trials.

And in terms of public support, despite the current complex regulatory regime there is a 
balance in favour, even of gene therapy, albeit laced with considerable uncertainty.

Within the manufacturing sector, there is growing interest in systems integration in 
production and distribution as the conviction grows that well-defined strategies will be 
critical for future standardisation and workflow optimisation.

Other areas of advanced investigation include small-molecule drugs that selectively 
control mRNA translation into proteins, plant micro-vesicles containing small RNAs in deliv-
ering and adjuvancy for sustainable cancer therapy, and developing the next generation of 
gene therapies, CRISPR-Cas9 technology, and engineered exosome therapeutics.

Conclusion: A Seismic Shift in Healthcare Strategy

ATMPs are improving the prospects for tackling severe disease – in many cases diseases 
that at present have no treatment – and the science and technology involved is intimately 
linked to Europe’s broader development of new approaches to healthcare, dependent on 
early diagnosis and more personalised healthcare. Their emergence has been slow but is now 
showing undreamt of promise. The continued development of ATMPs now holds out the 
prospect of a significant evolution in Europe’s ability to tackle healthcare challenges. It also 
promises to build Europe’s scientific, industrial, and competitive strength in a global context.

The EU is itself in constant evolution, both organically, as its competences are progres-
sively refined, and in response to changes in the world it inhabits. In healthcare, its evolution 
is marked not only by the emergency of the COVID-19 pandemic, which has largely monopo-
lised the attention of all the major EU institutions throughout most of the early months of the 
year, but also by the constant increase in morbidity, that now affects more than its ageing 
population. 2020, with the initiation of a European Health Data Space [64] and a new Phar-
maceutical Strategy [62], as well as radical new responses to the coronavirus pandemic, is an 
appropriate moment also for Europe to give greater priority to realising the potential of 
ATMPs as an intrinsic element in an integrated health strategy. It would be an important 
signal of a change in policy that holds out the prospect of a radical transformation of care in 
coming years as the full benefits of ATMPs are felt.

Recommendations

For All Stakeholders 
 • Cooperate in exploiting the opportunities of ATMPs to make advanced therapy products 

available to all patients in need, and to permit a full-fledged industrial activity add to EU’s 
prosperity and international competitiveness 

 • Engage in early dialogue with developers on potential products to map out expectations 
and requirements from the perspective of each stakeholder group
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 • Collaborate in establishing clear outlines for a comprehensive approach to evidence 
generation, assessment, pricing, and payment for ATMPs

For EU 
 • Promote standardisation in testing guidelines, validation, usage, quality control, consis-

tency, and outcomes measurement and long-term follow-up of ATMPs
 • Promote cross-sectoral collaboration and interdisciplinary research to advance under-

standing of ATMPs
 • Promote investment in basic and applied science to improve understanding of ATMPs
 • Promote integration of ATMP research in clinical medicine
 • Promote the development of patient registries for collection of real-world evidence 
 • Promote coordination of clinical trials
 • Promote alignment between innovators, payers, governments, businesses, and societies 

on what constitutes therapeutic value of ATMPs
 • Explore the prospects for reinforcing Europe-based manufacturing of ATMPs

For EMA
 • Develop regulatory pathways for ATMPs 
 • Explore common ground in criteria for decisions on patient follow-up and reporting
 • Adjust frameworks to permit early interaction between sponsors and authorities – 

including health technology assessment bodies
 • Speed up provision of scientific advice
 • Accelerate procedures 

For Member States
 • Align national pricing and reimbursement pathways with regulatory pathways
 • Develop innovative reimbursement and payment mechanisms to align outcomes with 

costs, and enable long-term follow-up and evidence generation to support future clinical 
research and development

 • Develop and link clinical databases and registries and ensure interoperability at EU level 
too

 • Work to maintain close links with UK scientists after Brexit
 • Ensure training of HCPs in ATMPs
 • Upgrade payers’ information base on ATMPs and gene therapy 

For ATMP Developers
 • Devise and implement faster, more precise, and cleaner manufacturing processes
 • Prepare concrete proposals for financing any payment scheme they might propose 
 • Set up specific manufacturing hubs and logistic networks to ensure timely and traceable 

supply chain 
 • Develop shared validated analytical tools
 • Establish an industry-wide group to ensure adequate access to raw material supplies
 • Deliver education specific to the ATMP business to authorities and the public
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