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Abstract
There is a widely held expectation of clinical advance with the development of gene and cell-based therapies (GCTs).Yet,
establishing benefits and risks is highly uncertain. We examine differences in decision-making for GCT approval between
jurisdictions by comparing regulatory assessment procedures in the United States (US), European Union (EU) and Japan.
A cohort of 18 assessment procedures was analyzed by comparing product characteristics, evidentiary and non-evidentiary
factors considered for approval and post-marketing risk management. Product characteristics are very heterogeneous and
only three products are marketed in multiple jurisdictions. Almost half of all approved GCTs received an orphan designa-
tion. Overall, confirmatory evidence or indications of clinical benefit were evident in US and EU applications, whereas in
Japan approval was solely granted based on non-confirmatory evidence. Due to scientific uncertainties and safety risks, sub-
stantial post-marketing risk management activities were requested in the EU and Japan. EU and Japanese authorities often
took unmet medical needs into consideration in decision-making for approval. These observations underline the effects of
implemented legislation in these two jurisdictions that facilitate an adaptive approach to licensing. In the US, the recent
assessments of two chimeric antigen receptor-T cell (CAR-T) products are suggestive of a trend toward a more permissive
approach for GCT approval under recent reforms, in contrast to a more binary decision-making approach for previous ap-
provals. It indicates that all three regulatory agencies are currently willing to take risks by approving GCTs with scientific
uncertainties and safety risks, urging them to pay accurate attention to post-marketing risk management.
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Introduction

Gene and cell-based therapies (GCTs) represent a het-
erogeneous class of medicines [1–4] with potential for
clinical benefit in a wide range of therapeutic areas,
including areas with limited treatment availability [5].
Regulatory authorities face considerably uncertain-
ties when deciding on the marketing approval of these
products. Quality control and methodologies to dem-
onstrate benefits and risks tend to be suboptimal or
not available at all due to the complex and idiosyn-

cratic nature of therapies and often small target
populations [5–7]. Furthermore, efficacy of novel
modes of action and associated potential safety risks
(e.g., insertional mutagenesis, tumorigenicity) are un-
certain [1,2,4].

Worldwide, regulatory authorities aim to consid-
er benefits and risks in a structured assessment for
approval of medicines [8]. However, authorities differ
in how they balance the need for robust scientific
evidence and timely access for patients [9], as well
as to which degree they consider non-evidentiary
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factors in assessments [10–12]. Due to the novelty
of the GCT field, regulators also face scientific issues
that have not been discussed in previous regulatory
procedures. Consequently, detailed regulatory require-
ments for GCT approval are not standardized or
harmonized yet [13].

So far, insights into regulatory assessment and
decision-making for GCT approval are limited, but
we observed that the European Union (EU) authori-
ties are currently exploring an adaptive regulatory
approach. Furthermore, the regulatory assessment of
the first approved gene therapy in the EU was a chal-
lenging process due to many scientific uncertainties [14].
However, it is unknown how this approach compares
with decision-making for GCT approval in other regions.

This study aimed to compare decision-making for
GCT approval by the United States (US), Japanese
and EU regulatory authorities during the last 10 years.
First, we compared product profiles, evidentiary
support and regulatory procedures between jurisdic-
tions. Second, we provided insight into benefit/risk
assessments by analyzing how different authorities con-
sider scientific evidence and related uncertainties, plus
other non-evidentiary factors to grant approval. Finally,
we examined how uncertainties and safety risks are
managed post-marketing.

Methods

This is a cohort study of approved GCTs by the Food
and Drug Administration (FDA), Pharmaceuticals and
Medical Device Agency (PMDA) and European Medi-
cines Agency (EMA). Data on assessment and decision-
making for approval were extracted from public
assessment reports [15–17]. Assessment procedures
were included if (i) GCTs were assessed as a medi-
cine and approved in the last 10 years (2008–2017)
and (ii) quality, pre-clinical and clinical evidence were
required for application and available for analysis.

Characteristics of regulatory assessments

We constructed variables to unpack assessment pro-
cedures into factors that were part of decision-
making, such as scientific evidence, medical context
and available regulatory processes [11,12]. We first
defined a preliminary set of variables, building on pre-
vious studies [18–20]. We subsequently added other
relevant variables to tailor the classification scheme to
GCT technological aspects and to adequately capture
quality and pre-clinical aspects.Variables were organized
under four main categories: (i) product profile, (ii) sci-
entific evidence, (iii) regulatory processes and (iv)
outcome.Two researchers (D.C., S.dW.) independently
extracted data from assessment reports and assigned
pre-determined categorical or numerical values per vari-
able (Supplemental Table S1).Data extraction and value

assignment were compared between researchers; dis-
crepancies were discussed until consensus.

We first conducted a quantitative descriptive cohort
analysis (analysis 1) based on the assigned values. IBM
SPSS Statistics 24 was used to stratify and tabulate
data by jurisdiction (Supplemental Table S2).To reveal
commonalities between jurisdictions, data was also
stratified by orphan drug designation (yes/no) and reg-
ulatory pathway for approval (standard/non-standard).
Given the small numbers, statistical analysis was not
performed.

Benefit/risk assessments and post-marketing risk
management

We subsequently conducted a qualitative analysis to
understand evidentiary considerations and other non-
evidentiary factors that were decisive for approval
(analysis 2), and how uncertainties and safety risks were
managed post-marketing (analysis 3).We extracted sec-
tions on benefit/risk balances and post-marketing
obligations from assessment reports. No major dis-
crepancies between specificity, the level of detail and
format of EU, Japanese and US assessment reports
were identified.

The extracted text was qualitatively analyzed in
NVivo Pro 11 for each assessment separately. Evi-
dentiary certainties and uncertainties plus non-
evidentiary factors were identified and grouped using
the variables. If available, corresponding regulatory in-
terpretation (e.g., satisfactory, unacceptable) and/or
post-marketing obligations were identified. Indepen-
dent data extraction and organization were compared
between researchers (D.C., S.dW.). Discrepancies were
discussed until consensus.

Four subcategories were frequently part of benefit/
risk assessments: clinical study design, benefits, risks
and unmet medical needs. Per subcategory, eviden-
tiary certainties and uncertainties plus regulatory
interpretation were captured to illustrate consider-
ations for approval and their relative weight. In addition,
post-marketing study obligations demonstrate how un-
certainty on clinical outcomes and safety risks are
managed post-marketing. Results were pooled per ju-
risdiction to reveal patterns per regulatory authority.

Results

Characteristics of regulatory assessments

In total, 18 assessment procedures were included, seven
in the US, nine in the EU and two in Japan (Table I).
Most products were cell-based therapies (CTs; in-
cluding device-combined therapies; n = 12/18). In vivo
and ex vivo gene therapies (GTs) were exclusively ap-
proved in the US and EU. Provenge, Imlygic and MACI
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were approved in both the US and EU. Other GCTs
were exclusively marketed in the US, Japan or EU.

Most CTs originate from autologous starting ma-
terial (n = 12/18; Table II). More detailed product
characteristics vary substantially, for example, cellular
starting material consists of either antigen-presenting
cells, differentiated tissue cells, lymphocytes or stem
cells. GTs include both ex vivo and in vivo products
with specific vectors (not shown).

A large proportion of approvals were granted for
oncology (n = 7/18) and cartilage defects products
(n = 4/18). A substantial amount (n = 7/9) of EU prod-
ucts targets indications that were considered severely
debilitating or life-threatening. Multiple US (n = 3/7)
and EU products (n = 4/9) were designated as orphan
drugs, but lack of available alternative treatment for
these products was mostly evident in the EU (n = 4/9).
Targeted indications were also considered

Table I. Overview of included products.

Product
Year of

approval
Approval
pathway Product description Therapeutic areaa

Orphan
drug

US Provenge 2010 Fast track Autologous peripheral blood
mononuclear cells

Prostate cancer N

Laviv 2011 Standard Autologous cultured
fibroblasts

Moderate to severe nasolabial fold
wrinkles

N

Gintuit 2012 Standard Allogeneic cultured
keratinocytes and fibroblasts
in bovine collagen

Mucogingival conditions N

Imlygic 2015 Fast track Genetically modified oncolytic
viral therapy

Lesions in patients with
melanoma

Y

MACI 2016 Standard Autologous cultured
chondrocytes on a porcine
collagen membrane

Cartilage defects of the knee N

Kymriah 2017 Standard (BTD) Genetically modified
autologous T-cell
immunotherapy

B-cell precursor acute
lymphoblastic leukemia

Y

Yescarta 2017 Standard (BTD) Genetically modified
autologous T-cell
immunotherapy

Relapsed or refractory large B-cell
lymphoma

Y

EU ChondroCelect 2009 Standard Autologous cartilage cells Cartilage defects of the knee N
Glybera 2012 Approval under

exceptional
circumstances

Adeno-associated viral vector
for gene delivery

Familial lipoprotein lipase
deficiency

Y

MACI 2013 Standard Matrix applied characterized
autologous cultured
chondrocytes

Cartilage defects of the knee N

Provenge 2013 Standard Autologous peripheral blood
mononuclear cells

Prostate cancer N

Imlygic 2015 Standard Genetically modified oncolytic
viral therapy

Melanoma N

Holoclar 2015 Conditional Autologous human corneal
epithelial cells containing
stem cells

Corneal lesions Y

Strimvelis 2016 Standard Autologous
CD34 + transduced cells
with retroviral vector

Adenosine deaminase
deficiency (ADA-SCID)

Y

Zalmoxis 2016 Conditional Allogeneic T cells genetically
modified with retroviral
vector

Adjunctive treatment in
haploidentical hematopoietic
stem cell transplantation of
adult patients with high-risk
hematologic malignancies

Y

Spherox 2017 Standard Spheroids of human
autologous matrix-
associated chondrocytes

Cartilage defects of the knee N

Japan Temcell 2015 Standard Allogeneic bone marrow–
derived mesenchymal
stem cells

GvHD Y

Heartsheet 2015 Conditional Autologous skeletal myoblast-
derived cell sheet

Severe heart failure (ischemic
heart disease)

N

BTD, Breakthrough Therapy Designation; GvHD, Graft-versus-Host Disease; N, no;Y, yes.
aBased on indication of approved label.
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life-threatening in Japan (n = 2/2), yet alternative treat-
ment was not lacking (n = 0/2). One GCT was
designated an orphan drug (Table II).

The level of scientific evidence is comparable
between the US and EU (Table II). A significant ef-
ficacy outcome on primary endpoint was demonstrated
for all US (n = 7/7) and most EU (n = 7/9) assess-
ments, whereas in Japan non-significant trends of
efficacy were sufficient for approval. An added clini-
cal benefit over standard treatment was demonstrated
in pivotal trials for only two products (MACI [EU/
US], Gintuit [US]), but most trial designs lacked an
active comparator or other standard therapy arm (US:
n = 5/7; EU: n = 6/9; Japan: n = 2/2).Yet, all EU and
one US orphan GCTs were considered to have added
clinical benefit because alternative treatment is lacking
(n = 5/8). Pivotal trial design was most robust in the
US for products approved before 2017, illustrated by
exclusive approval based on randomized controlled trial
(RCT) design (US: n = 5/7), compared with the EU
(n = 5/9) and Japan (n = 0/2). Other non-randomized

single-arm trial designs were accepted for two recent
approvals in the US, three EU orphan drugs and all
Japanese GCTs. Observational study design was used
for one EU orphan GCT that was already previ-
ously available in some EU Member States.
Furthermore, more patients were included in pivotal
trials in the US (µ = 255; range, 68–512) compared
with the EU (µ = 179; range, 12–512) and Japan
(µ = 16; range, 7–25).

Approximately half of all products gained stan-
dard approval without expedited designations (n = 10/
18), whereas others were approved under various
expedited pathways and adaptive pathways (US: n = 4/
7; JP: n = 1/2; EU: n = 3/8; Tables I–II, for definition
see Supplementary Table 1). Overall, we observed less
robust evidence for orphan drugs and approval under
expedited or adaptive pathways, indicated by less
RCTs, less significant efficacy outcomes and lower
number of patients. Results indicated no differences
between evidentiary support for gene- versus cell-
based products (not shown).

Benefit/risk assessments

Regulatory assessment of scientific evidence was
associated with considerable uncertainty in all juris-
dictions. Uncertainties were often a result of suboptimal
study design characteristics, including open label or
single-arm design, change of primary endpoints, un-
certain clinical relevance of endpoints, cross-study
comparisons, retrospective data collection, use of his-
torical controls and lack of biomarkers.Together with
scarce technological and clinical experience these sub-
optimal study designs lead to limitations in the
interpretation of efficacy and safety outcomes. Results
indicate that regulatory authorities accept varying levels
of uncertainty and safety risks for approval, taking dif-
ferent combinations of non-evidentiary factors into
consideration. For many products, unmet medical need
was considered to accept uncertainties and safety risks
(n = 9/18), which was mostly evident in the EU and
Japan (Table III).

The PMDA accepted limited evidence of effica-
cy and uncertain risks of severe adverse events for
approval, considering the severity of targeted dis-
eases and poor prognosis of patients with exhausted
treatment options. Heartsheet was conditionally ap-
proved as a last resort treatment option, despite the
highly uncertain clinical benefit. Temcell was ap-
proved as second-line treatment due to the observed
trend of clinical benefit and otherwise poor prognosis
(Table III). Furthermore, post-marketing pharma-
ceutical product development (i.e., acknowledging
sterility issues and allowing verification of in-process
specifications based on cumulative clinical data) was
accepted under Japanese legislation for GCTs [21,22].

Table II. Summary of characteristics of regulatory assessment pro-
cedures per jurisdiction (n).

Variable
US

(n = 7)
EU

(n = 9)
Japan

(n = 2)
Total

(n = 18)

Product type
Product profile

Gene therapy 3 3 0 6
Cell therapy 2 4 2 8
Combination therapies 2 2 0 4

Starting material
cell-based therapy
Autologous 5 6 1 12
Allogeneic 1 1 1 3

Target population
Lack of alternative therapy 1 4 0 5
Orphan designation 3 4 1 8
Severe disease 5 7 2 14
Scientific evidence
Randomized clinical trial/

Ph3/comparator
5 5 0 10

Blinded pivotal trials 2 1 0 3
Clinically relevant primary

endpoint(s)
7 9 1 17

Clinically relevant
secondary endpoint(s)

5 5 1 11

Total no. of patients in
pivotal trial(s)a

255 179 16 na

Significant outcome
primary endpoint

7 7 0 14

Significant outcome
secondary endpoint

2 4 0 6

Added clinical benefit 4 4 0 8
Regulatory process
Expedited/adaptive

pathway
4 3 1 8

na, not applicable.
aMean no. of patients included in pivotal trial, including all study
arms.
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Compared with Japan, submitted evidence in the
EU was more robust. Nevertheless, many uncertainties
were unresolved at approval. Non-significant indica-
tions of clinical benefit from non-randomized trials were
accepted for approval of orphan GCTs that target
severe indications without available alternative treat-
ment, under adaptive pathways (Table III). For
standard approvals, significant efficacy outcomes were
demonstrated, which weighed heavily to reach posi-
tive opinions. However, suboptimal study characteristics
(e.g., non-validated endpoints, no active comparator
arm) and subsequent uncertainties on benefits were
evident but considered acceptable, taking into account
a balanced safety profile, or substantial benefits for in-
dications with an unmet medical need. Safety profiles
were considered manageable despite uncertainty
around severe adverse events, or adverse events were
deemed to be relatively well-tolerated compared with
alternative treatment (oncology) (Table III).

In contrast to a focus on benefits and unmet
medical needs in the EU, discussions for standard US
approvals without expedited designations (Laviv,
Gintuit) revolved more around uncertainty of safety
risks because of the non-severe indications. Relatively
robust study design and benefits were interpreted
as uncertain by the FDA, however, these were ulti-

mately accepted (Laviv) or resolved by Advisory
Committee input (Gintuit). The study design and
benefit/risk profile of MACI did not raise any con-
cerns (Table III).

Imlygic and Provenge were approved in the US
based on the same scientific evidence that was later
submitted to the EMA. Regulatory assessments and
outcome for Imlygic differed between the FDA and
EMA, and other factors were considered to accept
uncertainties. The invalidated primary endpoint and
subsequent uncertain benefits were considered insuf-
ficient for approval by the FDA. However, clinical
relevance was considered established due to patient
reports of cosmetic and psychological benefits. To
reflect this benefit, the FDA changed the label to treat-
ment of lesions. In contrast, the EMA considered
clinical benefit for melanoma established for a sub-
group of patients, based on the same evidence. For
Provenge, the benefit/risk assessment was compara-
ble between the FDA and EMA (Table III) after
consistent manufacturing was demonstrated in the
EU. Substantially improved survival for a fatal disease
outweighed the risk of severe adverse events for
Provenge. For MACI benefits and risks were deemed
satisfactory upon approval by both the EMA and the
FDA.

Table III. Representation of regulatory considerations for approval.

Considerations for approval Outcomes Post-marketing study obligations

Product
Study
design

Clinical
benefit

Safety
profile

Unmet
medical need

Restricted
labeling Quality Efficacy Safety

US Laviv Δ Δ Δ □ ■ □
Gintuit Δ ■■ ■ □ ■ ■ ■ ■
MACI ■ ■■ ■ □ Δ ■ ■ ■
Imlygic □ Δ ■ ■ ■■ ■
Provenge Δ ■■ Δ Δ ■ □ Δ
Kymriah ■ ■■ □ Δ □ Δ Δ
Yescarta Δ ■ □ ■ ■ □ Δ

EU ChondroCelect □ ■ ■ □ ■ Δ Δ ■ Δ
Imlygic Δ Δ Δ Δ ■ ■ □ ■
MACI ■ ■ ■ □ Δ ■ ■
Provenge Δ ■■ Δ ■ ■ ■ ■ □ Δ
Strimvelis Δ ■■ □ ■ □ □ Δ □ Δ
Spherox Δ ■ ■ □ ■ ■ ■ ■
Holoclar Δ ■■ □ ■ Δ ■ □ ■ □ ■
Zalmoxis Δ Δ ■ ■ □ □ Δ ■ □ Δ ■
Glybera Δ □ □ ■ ■ ■ ■ □ ■

JP Temcell □ Δ □ ■ ■ Δ Δ
Heartsheet □ □ □ ■ ■ ■ ■ ■

Italic = expedited/adaptive pathway, JP = Japan
Study design (pivotal trial): □ = limitations for evaluation clinical data, acceptable, Δ = uncertainty/bias due to design, acceptable,
■ = satisfactory.
Clinical benefit: □ = limited indication of efficacy, Δ = possible benefit [in subgroup], ■ = benefit, ■■ = substantial benefit.
Safety profile: □ = identified risks manageable, clinically acceptable, Δ = relatively well-tolerated, acceptable, ■ = acceptable/balanced safety
profile.
Unmet medical needs: □ = not taken into consideration, Δ = acknowledged, decision based on data, ■ = taken into consideration for benefit/risk.
Restricted labeling: □ = no, Δ = minor label adjustment, ■ = patient subgroup, ■■ = change of indication.
Post-marketing study obligations. Quality: Δ = minor follow up, ■ = post-marketing validation. Efficacy & safety: □ = registry, Δ = observational
study, ■ = clinical trial.
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The recent approval of two chimeric antigen re-
ceptor T-cell (CAR-T) products (Kymriah,Yescarta)
indicates different considerations in FDA decision-
making compared with earlier approvals. Considering
the substantial clinical benefit demonstrated for
Kymriah, the FDA accepted severe safety risks (e.g.,
cytokine release syndrome and neurotoxicity) under
conditions of enhanced risk management (Risk Eval-
uation and Mitigation Strategies [REMS]). The
uncertainties related to the clinical benefit due to trial
design and similar safety concerns for Yescarta were
accepted considering the unmet medical need, to-
gether with REMS.

Post-marketing risk management and collection of
confirmatory evidence

A wide range of post-marketing strategies to manage
uncertainties and safety risks were observed in all ju-
risdictions, including safety risk surveillance, restricted
labelling, risk minimization measures (e.g., boxed
warnings, training material) and obligations to further
develop quality and to conduct studies to confirm
clinical outcomes and/or to manage long-term un-
certainties. All regulatory authorities chose to restrict
the label to specific patient groups as a result of un-
certainties around clinical benefit (n = 12/18). However,
in Japan and the EU post-marketing study obliga-
tions spread across quality, efficacy and safety aspects,
whereas there is a general focus on safety in the US
(Table III).

In Japan, follow-up is required for all patients, either
via a survey after standard approval or an all-case sur-
veillance evaluation during time-limited conditional
approval. For the latter, in-process specifications also
need to be confirmed based on cumulative clinical ex-
perience. In the EU, approvals are accompanied with
substantial post-marketing study obligations com-
pared with Japan and the US. Registries are required
for products with uncertain risks of severe adverse
events (e.g., tumorigenicity) (n = 6/9), including re-
quests to collect long-term or confirmatory data in
observational studies. Clinical trials to provide con-
firmatory evidence were requested for all but one
product. Release specifications need to be further de-
veloped for four products in the EU. In the US, study
obligations mainly focused on management of safety
risks through clinical studies and registries. Few clin-
ical trials were requested to confirm efficacy.The FDA
allowed further quality development for three prod-
ucts (Table III).

Discussion

In this article we compared regulatory assessment and
decision-making for GCT approval in the US, EU and
Japan. Despite a limited cohort size, our results suggest

that willingness to accept GCT-associated uncertain-
ties and safety risks is highest in Japan, followed by
the EU and US. Considerations of the target popu-
lation and unmet medical needs are more prominent
in Japanese and EU benefit/risk assessments, as well
as post-marketing management of uncertainties. In the
US, considerations for two recent approvals of CAR-T
products suggest a shift toward a more permissive ap-
proach by the FDA because previous approvals revealed
a relatively low willingness to accept uncertainty and
safety risks upon approval in the US. However, there
is less emphasis on post-marketing collection of con-
firmatory evidence in the US compared with the EU
and Japan.

The results from our study underline the effects
of implemented legislation for GCTs in the EU and
Japan over the last 10 years [13]. Moreover, the sub-
stantial use of adaptive pathways and subsequent
approval based on non-confirmatory evidence, com-
bined with a relatively large emphasis on unmet medical
needs and post-marketing data collection, indicate a
trend toward an adaptive approach to licensing or a
life cycle approach [23,24]. In Japan, regulations moved
toward a legislative model of adaptive licensing, en-
abling conditional approval based on early development
data since 2014 [21,25,26]. These regulatory stan-
dards facilitate the development of innovative GCT
technologies and early access, although many quality,
efficacy and safety uncertainties may be unresolved
at approval. Although findings are based on small
numbers, they are in line with the legislative ap-
proach for GCT approval in Japan. If this trend
continues, it is critical to prevent off-label use and
ensure correct administration methods when more
GCTs reach the Japanese market, particularly because
global GCT development may become skewed toward
Japan due to regulatory advantages [13]. The Japa-
nese approach for approval of GCTs is in stark contrast
with stringent decision-making for approval of other
medicines in Japan [27]. Therefore, it is recom-
mended to carefully monitor and evaluate the impact
of GCT legislation to optimize its effects on public
health in due time.

In the EU, half of the approved GCTs represent
niche products, marked by their orphan drug desig-
nation and exclusive approval in Europe. Lack of
available treatment and small patient populations
explain observations of regulatory willingness to accept
uncertainty and non-confirmatory evidence for orphan
GCT approval [28,29]. However, our findings confirm
earlier observations that EU regulators are prepared
to have an adaptive approach for GCT approval in
general. Early indications of clinical benefit and unmet
medical need considerations currently outweigh un-
certainties and safety risks across therapeutic areas
[1,3,5], under conditions of substantial post-marketing
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risk management and data collection. This approach
extends to non-orphan GCTs, thereby creating space
to facilitate GCT innovation. However, it is impor-
tant that authorities deliberately consider adaptive
pathways for GCTs in early development phases to
avoid becoming a ‘rescue option’ for substandard
applications [20] and to prevent inappropriate use of
orphan drug designation [30]. An inclusive ap-
proach to adaptive licensing is also warranted to take
patient needs into account and to prevent market access
issues and negative reimbursement evaluations [31,32].
Early multilateral scientific advice with regulatory agen-
cies and payers is one possible solution to ensure patient
access to innovative medicines for which adaptive li-
censing is considered necessary [33].

For approvals before 2017, US regulators appear
to have had a relatively risk-averse approach for GCT
approval compared with their Japanese and EU coun-
terparts, which is in line with an earlier report [34].
Three of the marketed products in the US are also
marketed in the EU, whereas the other US approv-
als are relatively less innovative compared with products
exclusively marketed in Japan and the EU: GCTs that
were developed for cosmetic and periodontal pur-
poses. However, the recent approval of two CAR-T
products could indicate a tipping point in regulatory
decision-making in the US.This observation is in line
with recent reforms in the US [23]. Newly imple-
mented regulatory designations that facilitate the
development of GCTs and other medicines (i.e., Break-
through Therapy Designations) were evident in the
CAR-T assessments and may also impact future ap-
plications with the potential of substantially improved
clinical outcomes [23]. In addition, the implementa-
tion of the 21st Century act provides another
designation to expedite GCT approval specifically, the
Regenerative Medicine Advanced Therapy (RMAT)
Designation [35]. RMAT Designation provides similar
benefits for developers as the Breakthrough Therapy
Designation, including discussion of possibilities to use
surrogate endpoints. In contrast to Breakthrough
Therapy Designation, RMAT Designation supports
eligibility for accelerate approval. Furthermore, eli-
gibility for RMAT Designation does not require
preliminary clinical evidence that indicates a substan-
tial improvement on clinically relevant endpoints.
Instead, clinical evidence needs to indicate the po-
tential to address unmet medical needs [36]. This
facilitated approach is indicative of a regulatory con-
vergence for GCT licensing across regions and an
increasingly leveled playing field for GCT regulatory
evaluation.

Despite a converging trend toward expedited and
adaptive licensing in the GCT field, eligibility criteria
for jurisdiction-specific pathways and the correspond-
ing requirements for approval are different. These

differences are a natural consequence of the still
small-scale nature of GCT development and the cor-
responding emergence of regulatory oversight in
different governance structures and clinical practice
[13]. However, applications and approvals of break-
through GCT technologies and other innovative
GCTs are likely to increase in the near future con-
sidering the vast GCT clinical pipeline [37–41]. More
global development and registration strategies are
likely to emerge in the future with a high probability
of using expedited and adaptive pathways across ju-
risdictions, including other pathways not discussed here,
such as the EU PRIME scheme and the Japanese
Sakigake strategy [23,42]. Parallel scientific advice
meetings with multiple regulatory agencies could
clarify which evidentiary requirements are needed for
global registration strategies. Furthermore, regulato-
ry agencies are holding joint meetings and other forums
to harmonize regulatory strategies for GCT approv-
al [43]. However, early access to GCTs is ultimately
dependent on payment structures, such as national
reimbursement schemes, rather than adaptive ap-
proaches to licensing. Future approaches to the
integration of post-marketing risk management and
regional payment structures may differ substantially
between jurisdictions [23].

Accepting substantial uncertainties and safety risks
for GCT approval calls for long-term post-marketing
surveillance and enforcement measures [13], not just
to monitor uncertainties that are noted at point of ap-
proval but also new uncertainties that arise after
approval [44]. The success of the Japanese legisla-
tion for GCTs may depend on appropriate post-
marketing surveillance and data collection [45], a role
in which the PMDA has limited experience [46]. Reg-
istries facilitate observational studies, however, designs
may not always be suitable to provide confirmatory
data. Thus, it is important that designs for post-
marketing data collection match with the purpose of
those studies [47]. Furthermore, the amount of post-
marketing study obligations in the EU shown here and
elsewhere [48] imposes considerable challenges for
patient recruitment and long-term follow-up, which
may lead to delays to complete post-marketing studies.
In contrast, post-marketing study obligations focus on
long-term management of safety risks instead of post-
marketing studies to provide confirmatory data in the
US.There appears to be less focus on post-marketing
studies in the US in general, as indicated by earlier
reports of limited enforcement by US authorities to
complete such studies [49,50]. Thus, the trend of a
life cycle approach for GCTs is less evident com-
pared with Japan and the EU. Striking a suitable
balance between approval and post-marketing study
obligations for GCTs could become the largest chal-
lenge for regulatory agencies around the world.
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Trial design challenges hinder GCT approval [5],
which has also been shown for promising candidates
such as CAR-T [51]. It is a complex task to incor-
porate benefits, risks and sources of uncertainties into
benefit-risk assessments, which is further complicat-
ed when endpoints differ between patient populations
or over time, or when data is pooled from various
studies [52]. Fields that are moving toward person-
alized medicine or treatment for specific subpopulations
(e.g., oncology) are searching for solutions such as bio-
marker–driven designs [53]. It is vital that GCT
developers invest in their clinical trial methodolo-
gies, consider study design challenges during early
development stages and possibly learn from ad-
vances made in other fields.

In conclusion, willingness to accept uncertainty and
safety risks for GCT approval is currently evident for
all three regulatory authorities. To reduce uncertain-
ties, developers and regulators need to find ways early
in development to improve study designs [54], ac-
knowledging the inherit challenges of target populations
and GCT characteristics. Furthermore, regulatory ex-
perience and future GCT generations are expected to
rapidly co-evolve in the coming years. Our results in-
dicate that these advances will mostly take place within
adaptive approaches to licensing, under regulatory stan-
dards of varying expedited and adaptive pathways [23].
Early access and long-term uncertainties urge au-
thorities to cautiously consider and enforce appropriate
post-marketing risk management and collection of con-
firmatory evidence.Thus, knowledge sharing between
agencies and opportunity for parallel scientific advice
need to be further strengthened to facilitate clinical
development and suitable regulatory standards through-
out the GCT life cycle [13,43].
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