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Advanced therapy medicinal products (ATMPs) hold promise
as treatments for previously untreatable and high-burden dis-
eases. Expectations are high and active company pipelines are
observed, yet only 10 market authorizations were approved in
Europe. Our aim was to identify challenges experienced in Eu-
ropean ATMP clinical development by companies. A survey-
based cohort study was conducted among commercial ATMP
developers. Respondents shared challenges experienced during
various development phases, as well as developer and product
characteristics. Descriptions of challenges were grouped in
domains (clinical, financial, human resource management,
regulatory, scientific, technical, other) and further categorized
using thematic content analysis. A descriptive analysis was
performed. We invited 271 commercial ATMP developers,
of which 68 responded providing 243 challenges. Of products
in development, 72% were in early clinical development and
40% were gene therapies. Most developers were small- or me-
dium-sized enterprises (65%). The most often mentioned chal-
lenges were related to country-specific requirements (16%),
manufacturing (15%), and clinical trial design (8%). The Euro-
pean ATMP field is still in its early stages, and developers expe-
rience challenges on many levels. Challenges are multifactorial
and a mix of ATMP-specific and generic development aspects,
such as new and orphan indications, novel technologies, and
inexperience, adding complexity to development efforts.

INTRODUCTION

Advancements in biomedical sciences are leading to new treatment
options for disease with high unmet medical need and create possibil-
ities to improve the quality of life in aging populations. Medicines
derived through these advancements include genetic therapy
medicinal products (GTMPs), cell-based therapy medicinal products
(CTMPs), tissue-engineered products (TEPs), and products integrally
combined with medical devices, in Europe known as advanced
therapy medicinal products (ATMPs)."

Recent reports show high development activity in the ATMP field
that does not seem to match with the limited number of ATMPs

currently available on the European market.” Even though over 500
clinical trials were performed with ATMPs between 2009 and 2017,
this led to only 19 market authorization applications to the European
Medicines Agency (EMA).” Ten ATMPs received centralized market-
ing authorization (MA). Of these, three companies later withdrew the
license and one discontinued product marketing, all for commercial
reasons. Thorough understanding of stakeholder challenges experi-
enced during development is needed to properly value the potential
of ATMPs.

In the literature, no comprehensive overview of the challenges
encountered by European-wide commercial ATMP developers is
available. Given ATMP development occurs to a greater extent in
the public domain compared with more traditional pharmaceutical
development, the available literature of ATMPs and their develop-
ment challenges mostly describes individual issues in academic and
hospital settings.” Difficulties described are complex manufacturing
processes,”” implementation of Good Manufacturing Practices
(GMP) specifically for cell and gene products,”'* complex trial
designs,”'" and heterogeneous national procedures at member state
level.'” The few reports on development by companies describe
manufacturing difficulties, uncertain reimbursement perspectives,
and the use of hospital exemption (HE)."*™"> Plagnol et a
first to comprehensively describe industry commercialization barriers
collected via interviews specifically for regenerative medicines in the
United Kingdom. Their study suggests that commercial ATMP devel-
opers encounter both ATMP-specific challenges and more general
barriers similar to other emerging industries. Additionally, ATMPs
also include a diverse set of technologies developed by a heteroge-
neous group of developers.”” Challenges may be linked to certain
product categories or developers. For example, biotech small- and
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Table 1. Respondent and Non-respondent Characteristics

Table 2. Survey Respondent Product Characteristics

Characteristics Non-respondents, n (%)  Respondents, n (%

Characteristics Respondents, n (%)

Response Rate 203 68 Product Development Stage (Total) 126
Respondent (complete) - 56 (55) Early clinical (phases I-II) 91 (72)
Respondent (incomplete) - 12 (12) Late clinical (phase III) 16 (13)
Not interested respondent - 33 (32) Regulatory approval 7 (6)
Company Size Commercialization 12 (10)
SME 149 (73) 44 (65) Intended Therapeutic Area

Large company 54 (27) 24 (35) Oncology 36 (29)
Geography Ophthalmology 19 (15)
United Kingdom 36 (18) 16 (24) Hematology 18 (14)
Germany 33 (16) 11 (16) Orthopedics and skeletal 12 (10)
United States 28 (14) 5(7) Immunology 9 (7)
France 23 (11) 7 (10) Gastroenterology 8 (6)
The Netherlands 16 (8) 8 (12) Cardiovascular 8 (6)
Other (Europe) 64 (32) 19 (30) Neurology 5 (4)
Other (rest of the world) 3(1) 2(3) Dermatology 4(3)
ATMP Type (Total) Other 7 (6)
GTMPs 80 (40) 31 (46) Pediatric Indication

Cell-based medicinal products 121 (59) 36 (53) Yes (<18 years) 51 (40)
Combined ATMPs 2(1) 1(1) No (>18 years) 75 (60)
No. of ATMPs in Development Orphan Indication

1 89 (44) 33 (49) Yes 69 (55)
>1 114 (56) 35 (51) No 57 (45)

CTMP, cell therapy medicinal product; GTMP, gene therapy medicinal product; SME,
small- and medium-sized enterprise (1-249 employees).””

medium-sized enterprises (SMEs) are known to have more difficulties
in acquiring funds and addressing regulatory requirements compared
with larger companies."® Also, manufacturers of biologicals
encounter challenges specific for protein manufacturing and formu-

. 9_
lation.”? !

The aim of this study was to assess the challenges experienced by
companies developing ATMPs in Europe. Experiences were collected
via a survey distributed among identified ATMP developers active in
Europe. The study contributes to a better understanding of the cur-
rent European ATMP field and identifies issues impacting product
development and patient access.

RESULTS

The search for the European Union (EU) ATMP company cohort
yielded 13,392 company names, which were checked for duplicates
(n = 5,748). Thereafter we excluded non-commercial developers
(n = 6,841), those not located in or developing for the EU (n = 208),
non-ATMP developers (n = 98), non-developers (n = 14), and several
developers for other reasons (n = 212), such as only non-human prod-
ucts, products in preclinical stages, bankrupt, or merged at time of data
collection (January 1, 2017). This resulted in a cohort of 271 devel-

opers. In total, 38% (n = 101) responded to our survey request. Re-
spondents returned 56 complete and 12 incomplete surveys resulting
in 68 developer inputs and a corresponding response rate of 25%. The
33 remaining respondents indicated no interest in participation; rea-
sons given were time constraints or unwillingness to share informa-
tion. Table 1 displays characteristics of respondents compared with
non-respondents. Table 1 shows respondent characteristics did not
differ meaningfully from the non-responders, indicating that the re-
sponses are representative for the cohort. Detailed product informa-
tion is included in Table 2. These characteristics were collected in
part one of the survey.

The survey yielded 243 challenge descriptions. After classification, the
top three challenge domains were regulatory (34%), technical (30%),
and scientific (10%). After further classification of the domains into
themes, the top three themes were country-specific requirements
(16%), manufacturing (15%), and trial design (8%). A detailed over-
view of challenge domains, themes, and frequencies is displayed in
Table 3. In Figures 1A-1G, themes are presented per subgroup.
The results will hereafter be reported per topic and placed into
context with literature where possible.

European ATMP Field Composition
Of companies that were active on the European market in January
2017, our survey shows 65% are small- and medium-sized enterprises

122 Molecular Therapy: Methods & Clinical Development Vol. 11 December 2018



www.moleculartherapy.org

Table 3. Developer-Reported Challenges in European ATMP Development

n (%)
Regulatory Challenges® 82 (34)
Regulatory Process 47 (19)
Country-specific requirements 40 (16)
Submission pathways 4(2)
Pre-submission interaction 2 (0)
Product logistics 1(0)
Regulatory Dossier 33 (14)
Content uncertainty 16 (7)
Meeting information demand 9 (4)
Information relevance 5(2)
Post-approval commitment 3 (1)
Unspecified 2 (0)
Technical Challenges 72 (30)
Manufacturing 37 (15)
Quality standards 13 (5)
Starting materials 10 (4)
Supply chain 5(2)
Product admission 4 (2)
Unspecified 3(1)
Scientific Challenges 34 (14)
Trial design 19 (8)
Preclinical translation 8(3)
Knowledge gap 5(2)
Unspecified 2 (0)
Financial Challenges 24 (10)
Reimbursement perspectives 12 (5)
Funding development 12 (5)
Clinical Challenges 23 (9)
Trial execution 9 (4)
Patient recruitment 8 (3)
Efficacy and safety 2(9)
Unspecified 4(17)
HRM Challenges 5(2)
Human resource 3(1)
Skilled resource 2 (0)
Other Challenges 3(1)
Intellectual property 1(0)
Public perception 1(0)
Interdisciplinary alignment 1(0)

Percentages are rounded off and displayed as fraction of total challenges (n = 243).°Only
regulatory themes are split up in subthemes.

(SMEs) (Table 1), which is higher compared with the small-molecule
and biotechnology industry.*” Half of the respondents are located in
Western Europe—United Kingdom (24%), Germany (16%), and
France (10%)—which matches previous reports."® Companies pri-
marily based in the United States, but also developing in and for

the EU market, accounted for 7%. Most companies developed cell-
based medicinal products (53%), followed by GTMPs (46%) and
combined ATMPs (1%). Of respondents, 35 (51%) reported devel-
oping more than one ATMP, and 10 developers worked on different
ATMP types (e.g., GTMP, CTMP, TEP, or combined ATMP) simul-
taneously. Together, the 68 respondents were developing 126 ATMPs
(Table 2). Acknowledging pharmaceutical development follows a
funnel shape, Table 2 shows a higher (72%) percentage of respondent
products in early clinical development (phases I-II) compared with
non-advanced therapy products.”® Also, a high representation of
orphan indications (55%) was reported. In line with previous find-
ings, the top three indications were oncology (29%), ophthalmology
(15%), and hematology (14%).'° A new finding was the reported
high number of pediatric indications (40%).

Multi-level Regulations

Medicinal product regulations in Europe cover a variety of overlaying
jurisdictions and authorities. To group challenges in the regulatory
domain, we distinguished between two main themes: the process of
working toward a European centralized marketing authorization,
which accounted for 57% (n = 47) of the challenges, and composing
regulatory dossiers, which are needed for authority approval (40%,
n = 33). These themes were thereafter further divided into sub-
themes. See Table 3 and Figure 1A for detailed theme and character-
istics distribution.

On a European level, few direct references were made to EMA pro-
cedures such as pre-submission interactions and scientific advice.
Companies mentioned more regulatory interactions with EMA
compared with non-ATMP product authorization to understand
product nature, clinical trial endpoints, and technical specifications.
Also, at day 120 of the MA process, a longer list of questions was
mentioned. Meeting the regulators information requests was found
to be difficult (n = 9, 11%). The data requested often led to more
research and associated costs. The regulator interactions were said
to be more frequent compared with non-ATMP development but
did help in resolving described challenges. No specific regulatory
pathways, such as PRIority MEdicines (PRIME) or protocol assis-
tance in case of orphan drugs, were mentioned. European-level regu-
latory challenges were mentioned only by companies already involved
in ATMP development prior to enforcement of Regulation (European
Commission [EC]) 1394/2007.

Further, the majority of regulatory challenges were experienced on a
member state level. Meeting country-specific requirements (n = 40,
49%) was the most occurring theme in our survey. GTMP developers
reported proportionally more regulatory challenges. This was mainly
driven by issues with the genetically modified organism (GMO) legis-
lation (n =27, 33%), affecting GTMPs the most. The GMO legislation
was originally intended for the agri-food sector,”* established by the
European Commission but interpreted and implemented on member
state level. This local interpretation leads to a variety of national, or
even local, responsible governing bodies and procedures. Developers
experienced compliance to the GMO legislation as resource intensive
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Figure 1A-G: Developer reported challenge domain and A Regulatory challenge distribution per subgroup
themes displayed per characteristic (company size, ATMP
type and development stage) —
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Figure 1. Developer-Reported Challenge Domains and Themes Displayed per Characteristic (Company Size, ATMP Type, and Development Stage)
Regulatory challenge distribution (A), technical challenge distribution (B), scientific challenge distribution (C), financial challenge distribution (D), clinical challenge distribution
(E), human resource management challenge distribution (F), and other challenge distribution (G) per subgroup. Gray bars represent all developers per theme: company size
(dark blue bars, SME; light blue bars, large company), ATMP type (dark green bars, GTMP; medium green bars, CTMP; light green bars, TEP; very dark green bars, combined
ATMP), development stage (dark orange bars, phases I-ll; medium orange bars, phase IlI; light orange bars, regulatory application and commercialization).
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and confusing, leading to duplicate applications and inspections re-
sulting in time delays and extra resources without a perception of
adding apparent patient or product benefit. For cell-based products,
specific challenges with regard to customs and transporting of human
tissue across member states were encountered (n = 9, 4%).

Multiple descriptions were given of varying levels of authority’s
ATMP familiarity and conflicting scientific advice between na-
tional competent authorities (NCAs). This was attributed to a
lack of ATMP-specific knowledge and inexperience with this spe-
cific medicinal product group. Some developers indicated selecting
trial locations based on local legislation interpretations and NCA
experience with ATMPs. To address member state variance, one
developer followed the EMAs Voluntary Harmonization Proced-
ure (VHP) but experienced contradicting health authority feed-
back. Like the EU level, also on the member state level more
frequent authority interactions took place, solving challenges in
most cases.

While compiling dossiers (clinical trial application or MA dossiers),
uncertainty around desired information by authorities was reported
most (n = 16, 20%). This was partially attributed to the lack of
ATMP-specific guidelines.

Manufacturing and Quality Assurance

In the literature, complex manufacturing and difficulty in applica-
tion of pharmaceutical quality control to ATMPs are frequently
mentioned.”'*>'* In our survey, we have captured these challenges
in the technical domain, which proved to be the second largest (n =
73, 30%). See Figure 1B for themes and characteristics distribution
in this domain. Within the technical domain, manufacturing (n =
37, 51%) was the most occurring theme, mostly driven by process
scale-up (n = 26, 36%). During scale-up, inconsistency issues were re-
ported most, both in cell and gene therapy products. When seeking
external help, finding experienced CMOs was difficult (n = 4, 6%).
As with the GMO legislation, GMP legislation is interpreted differ-
ently across member states (n = 10, 14%). Additional to what the
EMA’s Committee for Advanced Therapies (CAT) may require,
NCAs may also request information. Additional information on qual-
ity standards (n = 13, 18%) was the most requested. This country vari-
ance led to confusion and was perceived to result in a patchwork of
manufacturing and quality tests. GTMP developers expressed a
need for quality guidance regarding potency, dosing, and impurities.
A quality standard challenge mentioned specifically by two TEP de-
velopers was the need for high volumes of cell product for quality
testing. These batches were thereafter unsuitable for patient use.
This was found to be unethical because more donor material was
needed.

To comply with GMP guidelines, products for medicinal use are
required to be manufactured from appropriate level quality starting
materials.”” Suppliers providing certified appropriate quality starting
materials were reported to be scarce, as well as expensive (n = 10,
14%). In response, some large ATMP developers expanded their

in-house testing ability to certify raw materials, meet standards, and
decrease supplier dependency. SMEs might not have the resources
or means to copy this practice.

Supply chain challenges (n = 5, 7%) were described in the context of
the highly personalized nature of ATMPs. Difficulties were caused by
short product shelf-life requiring development of new shipping, pres-
ervation, and quality-control solutions. One cell therapy developer
switched from an autologous to an allogenic product to overcome
these issues. Technical challenges were experienced by both SMEs
and large companies. Large companies mentioned that they profited
from experience gained in non-ATMP development when addressing
technical difficulties. The technical challenges were proportionally re-
ported more in early clinical development, compared with late clinical
development, and least in the combined regulatory and/or commer-
cialization phase. No difference was noticed in the subanalyses of
domains when distinguishing micro-, small-, and medium-sized
enterprises within SMEs.

Translational Uncertainties

To test efficacy and safety of any medicinal product, a rigorous
scientific package needs to be built. All challenges associated with
planning, design, and rationale of this package are captured in the
scientific domain, which yielded 34 (14%) descriptions. ATMPs are
currently most often developed for rare and previously untreated dis-
ease.”® Developing medicinal products for these indications is associ-
ated with a specific set of challenges.”” This was reflected in the most
recurring scientific theme: trial design (n = 19, 56%). Descriptions
revealed underlying issues such as low patient numbers because of
the rare disease indication, little disease progression knowledge, as
well as challenges associated with the creation and interpretation of
endpoints for new indications. SMEs specifically described difficulties
in preclinical translation (n = 8, 24%) mentioning the lack of relevant
animal models available. In a few cases (n = 5, 15%), high uncertainty
was also reflected by regulators’ feedback, resulting in a request for
additional fundamental research. More subgroup details are available
in Figure 1C.

Financing and Commerecialization

Combining the developer-reported high development costs,
reimbursement uncertainty, and the observation of ATMP market
authorization holders withdrawing their products from the market
for commercial reasons, one might expect the financial domain to
be in the top of the challenges.'>*® Yet, the financial domain yielded
24 challenges, only 10% of all provided descriptions. This do-
main equally covered two themes: uncertainty in reimbursement
perspectives (n = 12, 50%) and funding (n = 12, 50%). Reimburse-
ment uncertainty was mentioned most by large companies
(n = 10, 42%), whereas SMEs experienced funding their clinical
development most challenging (n = 9, 38%). Development stage
also influenced experiencing financial challenges, with companies
in late development (regulation/commercialization phase) reporting
proportionally more financial challenges. See Figure 1D for all sub-
group details.
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Clinical Implementation and Acceptance

So far, we mostly discussed challenges experienced on a systems level.
Although introduction of new treatments in the clinic is often accom-
panied by practical issues, these issues are included in the clinical
domain (n = 23, 9%). Because of the limited penetration of ATMP
in routine clinical care, this domain mostly includes challenges related
to trial execution (n =9, 4%). GTMPs reported proportionally more
difficulties in executing trials (n = 5, 2%). At trial sites, additional
training was needed in gene product handling, compounding, and
admission. Also, trial site employees expressed hesitance toward
handling GTMPs (n = 2, 1%). Cell-based products had more trouble
reaching study enrollment rates than GTMPs, partially caused by
orphan disease indications (n = 6, 2%). Subgroup details are displayed
in Figure 1E. Practical issues were also mentioned in the context of
employee recruitment in the human resource management (HRM)
domain. HRM-related challenges (n = 5, 2%) were differentiated in
recruiting personnel in general (n = 3, 1%) and recruiting skilled
personnel with ATMP-specific knowledge (n = 2, 1%; see also Fig-
ure 1F). One SME reported having difficulty acquiring personnel
with specific regulatory ATMP experience. Remaining challenges
(n = 3, 1%) were included in the other domain (Figure 1G), and
mentioned intellectual property (n = 1) and internal interdisciplinary
alignment (n = 1).

DISCUSSION

The aim of this research was to identify challenges experienced in
European ATMP development by companies. Our survey shows
that the European ATMP field is still in early stages of development
with a high representation of SMEs (65%)>**° and 72% of reported
products in the early clinical stages (phases I-1I).”* This is the first
study in which the challenges of ATMP developers in the EU are
systematically collected and quantified. High resemblance is
observed between the challenges from our study and earlier litera-
ture, which has mainly focused on academic developers.'*'> Aca-
demic developers also experience difficulty with manufacturing
processes,”” followed by the application of GMP requirements
to cell and gene products,®”'® complex trial designs,”'" heteroge-
neous national procedures,'” and reimbursement perspectives.'’
However, academia and hospitals produce ATMPs at a smaller
scale, not for commercial purposes and for national use only,
possibly explaining less of a focus on regulatory challenges.
Comparing our findings with the few available papers focusing
on companies, manufacturing,'” heterogeneous national proced-
ures,'* and hospital exemption13 are mentioned, which are also re-
flected in our study findings.

2

Although our study concentrated on developers active within the
EU jurisdiction, some of our findings might also be applicable to
other jurisdictions, with the exception of described regulatory
challenges on multi-layered regulation, which are bound to juris-
dictions. Non-authority-bound challenges include technical, sci-
entific, and clinical challenges, which are most likely to also be
experienced outside of the EU. More research is needed to test
this hypothesis.

Molecular Therapy: Methods & Clinical Development

Reimbursement of ATMPs is frequently mentioned as a major
hurdle, both from a developer and health technology assessment
(HTA) body point of view.”*?%*! In our survey, financial chal-
lenges represented only 10% of responses, of which 5% specifically
address reimbursement perspectives. It is likely that this low per-
centage can be explained by the early development stages of the
ATMP field and high SME representation. Large companies expe-
rience more financial security and are therefore able to plan. They
are also more likely to have experience in non-ATMP development
and are aware of the preparations needed to acquire reimburse-
ment.’” On top of that, the manufacturing of ATMPs is considered
to be more expensive by nature and is expected to pose pressure on
healthcare budgets.”® Combining the active ATMP pipelines with
the prospect of healthcare budget constraints, sustainable ATMP
reimbursement will become the next major challenge in this field
if not already a reality. Companies should therefore address
commercialization of their ATMP early in development. New
payment models should be considered and their applicability to
ATMPs explored. The potential curability of chronic diseases
might shift from long-term and predictable treatment costs to
one-off high upfront payments. To address this, a potential for an-
nuity payment models is mentioned in the literature to alleviate
these one-time budget constraints.”’

Taking a closer look at the reported domains and company size,
our survey suggests both SMEs and large companies experience
multiple challenges with regard to ATMP-specific regulation and
manufacturing. Interpreting the challenge descriptions, large com-
panies seem to be more successful in bringing products to the mar-
ket, probably by utilizing their non-ATMP development expertise
and resources. From the literature it is known that SMEs in general
face more challenges with manufacturing, regulatory requirements,
and development funding than large companies.”> SMEs are often
considered to be highly innovative compared to large companies.”
Most ATMPs on the market are products of large companies collab-
orating with SMEs or public partners. Examples of products from
collaborations of large companies and smaller (public) partners
are Strimvelis (autologous CD34" enriched cell fraction containing
CD34" cells transduced with retroviral vector encoding for the hu-
man adenosine deaminase deficiency [ADA] cDNA sequence), Im-
lygic (talimogene laherparepvec), MACI (autologous cultured chon-
drocytes), and Holoclar (ex vivo expanded autologous human
corneal epithelial cells containing stem cells). Collaborations be-
tween large companies and SMEs or academia are a way to move
ATMP development forward, in which small partners develop inno-
vative assets and large companies provide financial security and
development experience.”> Our study did not query the origin of
companies or products, for example, academic spin-off, partner-
ships, or independent. No difference was observed when further
subdividing the SME group into micro-, small-, and medium-sized
enterprises in our challenge analyses, perhaps because of small
sample size. It would be interesting to incorporate this information
in future research because this may influence the challenges
experienced.

126 Molecular Therapy: Methods & Clinical Development Vol. 11 December 2018



www.moleculartherapy.org

A key initiative facilitating ATMP development was the adoption of
European ATMP legislation (Regulation [EC] 1394/2007). This legis-
lation was the first to define ATMPs and established the Committee
for Advanced Therapies (CAT) within the EMA. The CAT is respon-
sible for assessing quality, safety, and efficacy of advanced therapy
products. An active approach from European regulators was called
for by Maciulaitis et al.” as early as 2012 describing several pro-active
initiatives by the CAT, such as focus groups and workshops. Although
most challenges in our survey were experienced in the regulatory
domain, the EMA was only mentioned incidentally, and only by de-
velopers who have been active in the field before or around adoption
of the (EC) 1397/2007 regulation. The majority of the regulatory chal-
lenges were experienced on member state level, often attributed to dif-
ferences in experience and ATMP familiarity between NCAs. The
diverse EU landscape was perceived as complex to navigate by both
EU and non-EU companies, both in our survey as well as in the liter-
ature.”® Several initiatives have started to address member state
variance, such as efforts to harmonize GMP requirements and
GMO legislation.”” From the developers’ perspective, respondents
indicated that seeking frequent and early interactions with EU and
NCAs helps attenuate regulatory challenges. Also, building internal
ATMP regulatory and manufacturing expertise contributes to ad-
dressing challenges.

Taking a broader perspective and combining the high number of
identified challenges in the regulatory and manufacturing domain
with the high number of smaller and less experienced developers,
the sketched situation seems to resemble the early days of biotech-
nology. This suggest that some of the identified challenges have a
more generic character and are non-ATMP specific.'®* Similarly,
the orphan drugs and new indication linked challenges in the scien-
tific domain are also not ATMP specific. Each individual factor—
developing new technologies, development for orphan indications,
and new disease areas—adds complexity to the clinical development
process. A lesson from early biotechnology innovations we could
apply is that gaining experience with new technologies and societal
adoption takes time. After the first biologicals entered clinical use,
it took 20 to 30 years for these products to become widely available
and viable.”® Today, protein-based therapies represented 6 of the
global top 10 pharmaceutical products.” A similar finding is reported
by Plagnol et al.,'® who investigated barriers in commercialization of
regenerative medicine in the United Kingdom by interviewing leading
industrialists. They claim that experienced barriers such as scaling up,
lack of experienced people, and lack of business models are also expe-
rienced by entrepreneurs in other non-biotech sectors. Our survey
was not designed to make a clear distinction between ATMP-specific
issues and challenges correlated with an emerging field, new
manufacturing techniques, or novel and orphan indications. How-
ever, it seems likely that developers active in the ATMP field do expe-
rience challenges due to a combination of factors of which not all are
ATMP specific. A considerable proportion of challenges is driven by
novelty of the field, new and orphan indications, and scientific and
technical uncertainties. To test this statement, future research should
include exploration of the root causes of the identified experienced

challenges. Other considerations to include in future research are
challenges experienced in preclinical development and how this
may affect challenges downstream.

Our survey provides a snapshot of a rapidly changing commercial
European ATMP field. The 271 developers we identified at the start
of this study are very likely to change over time. Mergers, acquisitions,
and bankruptcies may have occurred even in the short time after
this cohort was compiled. Also, our cohort may not include 100%
of active ATMP developers. By designing a comprehensive search
strategy, we aimed to identify a clear majority of all ATMP developers
in Europe. Nonetheless, this is the first comprehensive overview
of ATMP companies operating in Europe and identification of their
challenges. Previous studies described either incidental challenges
(e.g., manufacturing, GMP) or covered a single development
phase."” "°

The high similarity between respondents and non-respondents, and
the overlap of our findings with peer-reviewed literature, gray litera-
ture, conferences, and workshops™'>**"** suggest the reported chal-
lenges are likely to be representative for the full cohort. However,
we included only commercial developers currently involved in devel-
opment. This may cause selection bias. Consequently, our results may
underestimate developer-experienced challenges. Future analyses
should include non-commercial and unsuccessful developers.
Although our sample might be small, the quantification helps rank
and prioritize identified challenges. Another future consideration is
identification of factors that positively influenced ATMP develop-
ment. Regulations also evolve over time: shortly after we completed
data collection, a new ATMP-specific GMP guideline was released.*
A renewed Clinical Trial Application guideline is expected in early
2019. With these new guidances in place, this research can be consid-
ered as a baseline measure. It can be used for periodic (re)assessments
of the ATMP landscape, following products as they advance through
the medicines life cycle, evaluating the influence of regulatory change,
scientific advancement, and other factors.

MATERIALS AND METHODS

We established a cohort of EU ATMP commercial developers. Iden-
tified ATMP commercial developers were invited to participate in a
survey to systematically collect experienced challenges during clinical
development, from first-in-human trials onward, as well as developer
and product characteristics.

Cohort Construction

We searched public-accessible databases for company names,
EMA SME registry, EUDRACT, Clinicaltrials.gov (sponsor and/or
collaborators), and Web of Science (funding agencies), using a
comprehensive search query (Table S1). The search was limited to
the years 2005-2015. Next, we collected member lists from the
largest European (bio)pharmaceutical industry associations. We
also searched speaker and attendee affiliations of EMA’s Committee
for Advanced Therapies (CAT) reports, ATMP-related conferences,
EMA and Innovative Medicines Initiative (IMI) stakeholder
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meetings, and EMA and IMI public consultations from 2009 to 2016
(Table S2). Lastly, we invited ATMP companies to participate in our
research by circulating an open call (Figure S1) on biotechnology as-
sociations and society websites in March 2017, as well as announcing
the invitation in direct member communications.

Developers were added to the cohort if they met the following
inclusion criteria: (1) involved in ATMP (GTMP, CTMP, TEP, or
combined ATMP) development as defined by ATMP Regulation
(EC) 1394/2007 from January 2005 onward, (2) developer is still
active in January 2017, (3) develops ATMPs for human use, (4) is
established in or developing for at least 1 of the 28 EU member states,
(5) is a commercial entity, and (6) had ATMPs in development of
which at least one was in clinical development.

Data Collection

Public data (company websites, annual reports, literature, conference
presentations) were used to collect basic cohort characteristics for
the full cohort of companies, including company size, geographic
location, and types of ATMP products under development. ATMP
types were grouped into three categories: GTMP, cell-based medicinal
products (combining CTMPs and TEPs), and combined ATMPs.

After cohort construction, we collected contact details of individual
employees via public association member lists, conference attendance
lists, LinkedIn, and Google search. We targeted senior management
officials linked to development in the organization. In large com-
panies we targeted senior managers, department heads, or directors,
whereas in SMEs we targeted (vice) presidents, CEOs (chief executive
officers), CFOs (chief financial officers), or CMOs (chief marketing
officers). Via the survey, detailed developer and product characteris-
tics were collected, as well as challenge descriptions.

Survey Design

The survey consisted of two parts. In the first part, developer and
product characteristics were collected using multiple-choice ques-
tions. This part contained questions on developer location, number
of employees, founding year, and expertise. It also included, for a
maximum of three products, ATMP product-specific questions
such as classification, intended indication, target population, develop-
ment stage and time, regulatory pathways used, and utilized regula-
tory and/or health technology assessment (HTA) body services. In
the second part, we asked for experienced development challenges
using open text boxes. Each respondent was asked to describe the
two biggest challenges experienced per product and per development
stage (early clinical development [phases I-II], late clinical develop-
ment [phase III], regulatory approval, and product commercializa-
tion). The introduction to survey part two is included in Figure S2.
Respondents were asked to classify challenges in pre-specified
domains (clinical, financial, human resource management [HRM],
regulatory, scientific, technical, and other challenges). Domain defini-
tions are listed in Figure S2. Prior to survey distribution, content
validity was checked by the European Federation of Pharmaceutical
Industries and Associations/European Biopharmaceutical Enter-
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prises (EFPIA/EBE) Advanced Therapies joint working group and
via a face-to-face interview with a two-person panel consisting of a
small CTMP developer and large GTMP developer. The working
group and panel provided feedback about flow, question relevance,
and missing topics.

In March 2017, an e-mail invitation was subsequently distributed
among the cohort via a SurveyMonkey link (https://www.
surveymonkey.com/; Palo Alto, CA, USA). The invitation described
study objectives, survey contents, and how the data would be handled
to maintain the anonymity of respondents. The survey link could be
forwarded internally in case multiple departments worked on product
development. Recipients were reminded every 2 weeks via e-mail and
finally once by telephone before the end of data collection in June 2017.

Data Analysis

Characteristics and challenges were exported from the online survey
environment into Microsoft Excel 2016. Missing developer and prod-
uct characteristics of respondents, due to incomplete responses, were
collected through a secondary public domain data search. All chal-
lenges (coded and non-coded) were checked for correct classification,
according to definitions set in Figure S2 by two Utrecht University
researchers (RM.T.tH. and A.M.H.). A challenge was assumed to
fit only one domain. In ambiguous cases, challenges were added to
domains most closely matching the underlying cause. Classification
discrepancies were discussed until consensus.

Within each domain, challenges were further categorized into themes,
using thematic content analysis methodology: after detailed data
familiarization, emerging trends were labeled, reviewed, and eventu-
ally defined into mutually exclusive themes.** The following themes
were created within the domains: clinical (trial execution, patient
recruitment, efficacy, and safety), financial (funding development,
reimbursement perspectives), HRM (human resources, skilled re-
sources), regulatory (process toward filing dossier, dossier compila-
tion), scientific (trial design, preclinical translation, knowledge gap),
technical (manufacturing, quality standards, starting materials, sup-
ply chain, admission), and other.
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