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ABSTRACT

We present here a repository of key regulatory questions answered in centralized procedures and evaluate the place of modeling
and simulation in marketing authorization process for biologics approved for the treatment of moderate-to-severe asthma from
2014 to 2024. This was done consistently with the ICH M15 recommendations and the ERAMET project that consistently aim to
define the framework for assessment of model informed drug development evidence to inform decision-making. We carried out
a search for marketing authorization applications for the five approved monoclonal antibodies in the treatment of asthma from
2014 to 2024. We translated the information into essential regulatory questions and classified the questions based on the level
of the questions and their granularity. Credibility activities were performed by applying the credibility framework of the ICH
M15 guidelines to questions answered by modeling and simulation methods. A total of 190 questions were extracted including
74 questions related to efficacy, 86 to safety, and 30 questions related to pharmacokinetics. The proportion of questions answered
oscillated between 51% and 65% for each drug. Modeling and simulation methods were used to answer 25% of the questions.
These methods are predominantly used to address pharmacokinetics questions, with 60% of these questions answered in at least
one marketing authorization application using these methods. Credibility matrices were fulfilled for questions answered by mod-
eling and simulation methods. We identified the types and roles of modeling and simulation approaches used in the development
of monoclonal antibodies for treat moderate-to-severe asthma approved from 2014 to 2024.

1 | Introduction More than 10% of patients overall have severe asthma, a com-

plex and heterogenous airway condition defined by the need for

Asthma is among the most common chronic respiratory con-
ditions, affecting 300 million people worldwide and affecting
both adults and pediatric patients [1]. Asthma is more preva-
lent in children and adolescents than in adults, with reported
prevalence estimates in pediatric populations generally ranging
from approximately 3500-5500 per 100,000 individuals [2, 3].

high doses of inhaled corticosteroids in combination with an
additional controller medication [4]. In children, severe asthma
represents a smaller proportion of cases, affecting up to approx-
imately 5% of pediatric patients with asthma [5]. Two asthma
endotypes have been widely recognized, based on the presence
or absence of type 2 airway inflammation [1]. Over the last few
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Study Highlights

« What is the current knowledge on the topic?

o The current pathway for development and ap-
proval of effective and safe drugs for pediatric
and rare disease is not optimal. To overcome
challenges in pediatric drug development, model
informed drug development and related extrapo-
lation offers powerful tools that can address some
of the current limitations. However, these tools
are still not always optimally used as part of an
integrated drug development strategy, nor always
systematically endorsed by regulators.

« What question did this study address?

o This article describes a repository of key regula-
tory questions built using the question-centric
approach for monoclonal antibodies approved for
asthma treatment. This repository relies on ade-
quate question identification, use of appropriate
data and methods and optimal method credibil-
ity assessment and benchmarking. An analysis
of the repository locates the use of M&S methods
and benchmarks these innovative methods versus
standard methods.

« What does this study add to our knowledge?

o The analysis of the repository indicates that
despite their potential multidimensional role,
modeling and simulation approaches were pre-
dominantly used to characterize the pharmacoki-
netic and the efficacy of the product at population
level. Only common modeling and simulation
approaches have been used, whereas the more
recent and emerging additional modeling tech-
niques were not used. The repository analysis also
showed heterogeneity in the use of modeling and
simulation across products.

« How might this change drug discovery, development,
and/or therapeutics?

o This repository aims to provide drug developers
and regulators with an integrated tool to support
the decision-making process, learn across process
and therefore, contribute to adoption of alterna-
tive data types and innovative analytical methods.
This could accelerate the effective development of
monoclonal antibodies for asthma treatment, es-
pecially for the pediatric population.

decades, drugs targeting type 2 inflammation have been devel-
oped and have demonstrated their effectiveness in controlling
symptoms. However, there remains a need for more targeted
and effective therapies, particularly for patients with severe
forms of the disease [1].

Moreover, drug development in the pediatric population is
more challenging due to practical and ethical limitations in col-
lecting experimental evidence (mostly data from randomized
controlled trials) in this group of patients. Pediatric trials are
particularly challenging and suffer from enrolment difficulties

due to reluctance of parents and/or caregivers to enroll pediatric
patients in experimental trials, small number of patients, vari-
ability in physiological characteristics, uncertainties in dose se-
lection and ethical complexities [6, 7].

The current pathway for development and approval of effective
and safe drugs for pediatric diseases is not optimal, even if prog-
ress was achieved by combining requirements and incentives
for pediatric drug development [8]. As a consequence, there is a
lack of licensed drugs for all pediatric age groups and in dosage
forms that are suitable, which led to a high rate of off-label use of
respiratory medicines among children [9]. On average, approx-
imately a decade gap exists between the product’s approval for
use in adults until incorporation of pediatric information in the
label [6]. For the specific case of asthma, a study showed that
the use of inhaled corticosteroids and long-acting $-agonists in
18.8% were off-label prescriptions [10].

To overcome challenges in pediatric drug development, model-
ing and simulation (M&S) and related extrapolation represent
powerful approaches that can address some of the current lim-
itations by complementing or replacing clinical trials. By using
quantitative models to integrate and leverage existing knowl-
edge, gaps can be bridged, and drug development can be facil-
itated, as well as the decision-making process [6]. Furthermore,
MA&S strategies can contribute to minimizing the number of pa-
tients required in clinical trials [7].

Model-informed drug development (MIDD) provides a struc-
tured framework that integrates M&S to inform drug devel-
opment and regulatory decisions. In pediatric settings, MIDD
is particularly valuable for extrapolating efficacy data from
adults [7]. This approach is possible under conditions, includ-
ing adequate characterization of similarity and differences in
the disease progression course between adults and pediatrics,
anticipation of a comparable response to the treatment, and sim-
ilarity in exposure-response relationship between adults and
pediatrics. Modeling and simulation methods within the MIDD
framework are also instrumental for optimizing clinical trial
design and refining dosing regimens [7]. For example, pediat-
ric trial design can be optimized by simulating study scenarios
using PK or PK/PD models, which helps refine the number of
participants, the sampling schedule, and the number of sam-
ples [11].

One of the advantages of this exercise is that it allows to map
the current use of modeling and simulation across drug devel-
opment programs, thereby highlighting existing gaps and the
need for further development and broader use of innovative
M&S methods to address key regulatory questions. While M&S
and extrapolation play an increasingly important role in pediat-
ric medicine research and development and have been proposed
to address some of the current limitations by complementing or
replacing randomized controlled trials, these methods are still
not always optimally used as part of an integrated drug develop-
ment strategy, nor always systematically endorsed by regulators
[12]. Current regulatory procedures and assessors' training are
largely tailored to traditional data types and analytical meth-
ods and to their sequential and compartmentalized assessment.
There is currently no systematic and integrated approach within
the European regulatory framework to assess and establish the
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acceptability of alternative methods such as M&S and related
data sources.

There is currently an unmet need for acceptability criteria re-
lated to the assessment of M&S approaches when applied to
drug development and assessment in pediatric diseases to im-
prove consistency and efficiency in pediatric drug development.

The use of the question-centric approach [12] in the context of
drug development and regulatory decision-making permits to
effectively use different types of methods (including M&S) and
data to address a particular question in an integrative and ob-
jective manner. The implementation of this approach is popu-
lated in the ICH M15 as well as the ERAMET project (Horizon
Europe grant 101137141) aiming at implementing a framework
for assessment of MIDD evidence to inform decision-making
[13]. The ERAMET project aims to deliver an integrated ecosys-
tem that supports regulatory submissions, and the assessment
of model-informed approaches applied to pediatric and orphan
drug development. This approach relies on the principle that
better-framed questions receive better answers and that the key
questions in drug development should be explicitly formulated
and clearly linked to the data and (analytical) methods used to
address them in order to contribute to the overall benefit/risk
assessment. For each combination of question, method and data,
the credibility assessment can be implemented to facilitate the
regulatory assessment.

The present work illustrates how drug development and as-
sessment can be structured using the previously published
question-centric framework and describes the development of a
question-centric repository connecting key regulatory questions
with data and methods used to support market access or to en-
able bridging across conditions of use. In this context, “bridging
across conditions of use” refers to leveraging existing evidence
to extend conclusions from one use setting (e.g., indication, dos-
ing regimen, or formulation) to another. The repository was pop-
ulated using case studies of monoclonal antibodies approved for
the treatment of severe asthma, illustrating how MIDD evidence
has been positioned and assessed in the centralized marketing
authorization process. To explore the credibility and regulatory
acceptance of such evidence, a comparative analysis of M&S
methods versus traditional evidence-generation approaches was
conducted. As the full potential of alternative data types and in-
novative methods can only be realized when appropriate tools
for evaluating their credibility exist, a benchmarking of M&S
methods was also performed. Finally, the table for assessment
of MIDD evidence, a communication tool between applicant

and regulatory authorities proposed in the ICH M15 guideline,
was applied to evaluate the credibility requirements of M&S ev-
idence in this context [13].

2 | Data and Methods
2.1 | Data Extraction/Searching

We carried out a retrospective systematic review of marketing
authorization applications (MAAs) and related European public
assessment reports (EPARs) for the five monoclonal antibod-
ies approved for the treatment of moderate-to-severe asthma
from 2014 to 2024. All these mAbs have been approved as
add-on therapy for moderate-to-severe asthma (Appendix S1).
Mepolizumab, reslizumab, and benralizumab target interleu-
kin-5 (IL-5) signaling; dupilumab targets the IL-4 receptor alpha,
and tezepelumab targets the thymic stromal lymphopoietin. All
are approved for use in both adults and adolescents, except for
reslizumab, which is approved for adults only. Additionally, me-
polizumab and dupilumab have received EMA approval for use
in children aged 6 to 11 years.

2.2 | Data Extraction From Regulatory
Submissions and Repository Structure

We comprehensively reviewed information related to quality,
primary pharmacodynamics, toxicology, clinical efficacy, clini-
cal safety and clinical pharmacology of the drugs included in the
MAA dossiers and EPARs for the 5 approved drugs. This infor-
mation was subsequently translated by the authors into essential
regulatory questions (e.g., “What is the PK profile of a typical
individual at population level?”) (Figure 1). We also extracted
data and analytical methods used to address these questions for
each approved drug.

The general structure of the repository was developed based on
a broader retrospective review of regulatory documents (i.e.,
scientific advice and pediatric investigation plan) to enrich the
repository with multi-faceted insights and to enhance its rele-
vance and applicability. The structure of the repository relies
on the benefit-risk assessment (BRA), which is supported by
the characterization of efficacy, safety and PK, organized in
a hierarchical manner, i.e., at population, individual, tissular,
cellular and molecular levels and according to their granular-
ity. Characterization of efficacy, safety and PK thus constitutes
successive sublayers for BRA for a particular combination of

Retrospective review of key
regulatory documents

Data searching

Classification

Repository

Credibility

building assessment

FIGURE1 | Flow diagram of the methodology used for repository building.
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dose, formulation and indication for a particular drug (see
Figure 2, overall structure of the repository) [14-16]. The three
elements (dose/regimen, formulation and indication) will be
called “the conditions of use”. Questions, data and methods re-
lated to bridging across conditions of use are presented on top
of the BRA, after the initial positive benefit/risk establishment.
In this case some extrapolation of efficacy and safety or some
borrowing of information pertaining to the initial program is
permitted.

After the first layers constituted by the highest levels of ques-
tions and sub-questions related to efficacy, safety or PK char-
acterization as shown in Figure 2, methods and data used to
inform the answer to those questions can be seen as triggering
a subsequent set of sub-questions, leading to and generating
loops of knowledge flow spanning across data types and fields
of expertise (Appendix S2). The results were presented using the
question-centric approach and related the repository (i.e., type
the questions and hierarchical level).

2.3 | Positioning the Use of M&S in Marketing
Authorization Applications: Credibility Assessment
and Method Benchmarking

Descriptive statistics were generated to characterize the place
of M&S methods and MIDD approaches in the concerned devel-
opment programs. Statistics were presented both for the initial
marketing authorization and for bridging across conditions of
use (i.e., questions answered after the initial positive benefit/
risk assessment to bridge from one combination of conditions
of use to another). The results related to MIDD approaches were
first the results across products and subsequently broken down
per product, MIDD approach and regulatory decision points
(clinical development phase).

To benchmark M&S methods versus other traditional methods,
credibility assessment was implemented by filling the tables of
assessment of MIDD evidence of the ICH M15 guidelines for
questions answered by M&S methods.

3 | Results
3.1 | Repository of Key Regulatory Questions

Overall, a total of 190 different regulatory (sub-)questions were
formulated based on the retrieved information. Majority of ques-
tions were related to characterization of PK, efficacy and safety
characterization either for initial MA A or for bridging across con-
ditions of use. There were also sub-questions related to the meth-
odology used for data collection and analysis and sub-questions
related to data quality and informativeness. 166 and 42 questions
were formulated from the initial MA As and bridging across mo-
dalities, respectively. For the initial MAA, in total 64, 76, and 26
different questions were related to the characterization of efficacy,
safety, and PK of the product, respectively (Figure 3). These num-
bers were very variable per product: when considered separately
for each product, the percentage of repository questions covered
varied between 51% and 65%. Appendix S3 summarizes the ques-
tions that were answered for each drug.

For bridging across conditions of use (including bridging across
indications, dosing regimen and/or formulations), a total of 42 in-
dividual questions were overall additionally formulated, including
26 questions related to the bridging from adults to the pediatric
population. This number varied from 0 to 37 per product.

3.2 | Positioning the Use of M&S in Marketing
Authorization Applications

Modeling and simulation methods were used to answer 25% of
the questions. In the initial MA A, they were predominantly used
to characterize the PK of the products, with 78% of PK questions
answered in at least one MAA at the population level using these
methods (Figure 3). Additionally, M&S approaches were mainly
used to characterize efficacy at the population level, with 38% of
the efficacy questions at the population level answered by M&S
methods. Modeling and simulation were not used to address
efficacy and safety-related questions at the molecular or indi-
vidual level. The use of M&S to address safety characterization

(Bridging across) conditions of use

Dose

Indication Formulation
Benefit-risk
What is the benefit-risk balance of the product for the specified indication, dosing regimen and formulation?
4
Characterization of

efficacy
Population Characterization of PK
Individual Population
Tissular Individual
Cellular -~ Cellular
Molecular Molecular

T 4
Characterization of
safety
Population
Individual Methods
Tissular
—_ Cellular
Molecular
¢

FIGURE2 | General structure of the repository harmonized based on regulatory review applied to different use-cases.
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(Bridging across) conditions of use

Dose

Benefit-risk
What is the benefit-risk balance of the product for the specified indication, dosing regimen and formulation?

T

Characterization of efficacy

1

Characterization of safety
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FIGURE 3 | Overview of the repository of key regulatory and methodology questions built using the question-centric approach that have been

answered in centralized marketing authorization applications for monoclonal antibodies approved for asthma treatment. The blue bars indicate the

number of questions answered exclusively with non-modeling and simulation methods. The orange bars indicate the number of questions answered

with at least one using modeling and simulation methods. M&S, modeling and simulation; PK, pharmacokinetic.

was limited (3%). For bridging across conditions of use, M&S
approaches were applied to answer 22 questions out of 42 (52%).
These approaches were most frequently used to bridge across in-
dications, with 21 questions addressed using M&S methods, rep-
resenting 58% of all bridging-related questions. For the specific
bridging across age groups, 16 questions were addressed using
M&S methods (62%).

3.2.1 | Analysis Per Type of MIDD Approach

Asfarasspecificmethodologiesare concerned, Pharmacometrics
as well as more empirical data driven models were used.
Modeling and simulation approaches used included population
pharmacokinetic (popPK) models, exposure-response (E-R)
models, mixed models for repeated measures, pharmacokinetic
pharmacodynamic (PK/PD) models, negative binomial models,
power-law dose models, popPK meta-analysis, popPK/PD mod-
els and proportional odds models (Table 1). The popPK model-
ing was used to address the highest number of questions, with
16 questions answered at least once with this approach to char-
acterize the PK of the product (Appendix S4). This model was
consistently used across all initial MA As, addressing between 7
and 10 questions for each treatment (Table 1). E-R model, PK/PD
model and mixed models for repeated measures (MMRM) were
used to answer 12, 7 and 6 questions respectively at least once to
characterize the efficacy (Appendix S2). However, these models
were used less consistently across initial MAAs (Table 1). Each
remaining model type was used to address five different ques-
tions or less (Appendix S4).

3.2.2 | Analysis by Regulatory Decision Point

Modeling and simulation models were increasingly used
throughout the drug development program, with a limited num-
ber of questions addressed with M&S methods for entering in
Phase 1 clinical development (2%) and more extensive use after
data from confirmatory trials are available for the initial MAA
(Figure 4) or when bridging across indications, formulations, or
dosing regimens after the initial MA.

3.3 | Credibility Assessment and Method
Benchmarking

Overall, 43 different questions were (at least partially) addressed
using M&S approaches in initial MAA (Table 2; Appendix S5).
When M&S methods were used, they complemented traditional
statistical analyses in 75% of cases. Only three questions were
consistently answered using M&S methods for all the concerned
drugs (Appendix S5), complemented or not with other tradi-
tional approaches such as non-compartmental PK, descriptive,
and inferential statistics. Two of these three questions consis-
tently addressed with MIDD approaches were related to the PK
characterization.

The use of the question-centric approach and the related cred-
ibility assessment allowed to identify the regulatory questions
alternatively addressed by MIDD and non-MIDD approaches
as exemplified in Figure 5 with the question related to efficacy
characterization in adolescents. Credibility assessments per ICH

CPT: Pharmacometrics & Systems Pharmacology, 2026
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TABLE1 | Number of questions answered by drug and by model type for initial MAA.

Model type Drugl Drug 2 Drug3 Drug4 Drug5 Total
PopPK 9 9 7 9 10 44
E-R 7 7 0 1 0 15
NBR 2 1 4 1 3 11
MMRM 2 0 2 4 1 9
PK/PD 0 0 0 7 0 7
Power-law 0 0 4 0 0 4
PopPK MA 0 0 3 0 0 3
Compartmental PK 0 0 3 0 0 3
POR 0 0 2 0 0 2
popPK/PD 0 0 2 0 0 2

Abbreviations: E-R, exposure-response; MA, meta-analysis; MMRM, mixed models for repeated measures; NBR, negative binomial regression; PopPK, population
pharmacokinetic; POR, proportional odds model; PK/PD, pharmacokinetic pharmacodynamic.

Enter phase 1

Total Total

Efficacy Efficacy

\Model [N answer]
PopPK i
MMRM 8
popPK/PD i

5
3
2
2
2)
2
2
2

m Non M&S m M&S

FIGURE 4 | Successful use of M&S methods across drug development for the approved mAbs in asthma. Graphs represent the number of ques-
tions answered by regulatory decision points in initial marketing authorization application. The blue bars indicate the number of questions answered
exclusively with non-modeling and simulation methods. The orange bars indicate the number of questions answered at least one using modeling and
simulation methods. The tables indicate the models used to answer these questions and the number of times a model has been used per regulatory
decision points. E-R, Exposure-response; M&S, modeling and simulation; MA, meta-analysis; MAA, marketing authorization application; MMRM,
mixed models for repeated measures; NBR, negative binomial regression; PopPK, population pharmacokinetic; POR, proportional odds model; PK/

PD, pharmacokinetic pharmacodynamic.

M15 were implemented for questions addressed by modeling and
simulation methods. To exemplify this, we selected the case of an
exposure-response model used to characterize clinical efficacy
(here decrease in exacerbation rates) for the concerned mAb in
adolescents (aged 12-17years old). This model has a medium in-
fluence on regulatory decision-making as the projection of the ex-
acerbation rate from this model was complementary to data from
two phase 3 clinical trials performed powered for efficacy char-
acterization in adults, with much more limited data collected in
adolescents. The consequence of wrong decisions is rated as high
considering the disease severity as a wrong decision could lead to
uncontrolled asthma. Here the regulatory impact at the time of

MA was considered high for adolescents due to the lack of a fully
powered confirmatory study in adolescents.

For models with medium or high regulatory impact, credibility
assessment reveals various levels of maturity and therefore the
regulatory acceptance was also variable across the dossiers.

4 | Discussion

This article describes a critical analysis of regulatory assess-
ment in centralized procedures through the development of
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AssessMent METHODS  DATA

QUESTION A: What is the clinical efficacy of the proposed dose of the product in
adolescents?

1Phase 2b/3 clinical trial
1Phase 3 clinical trial
25 adolescents (total)

Standard statistics of
efficacy outcomes

1Phase 3 clinical trial
82 adolescents

Standard statistics of
efficacy outcomes

2 phase 3 clinical trials
108 adolescents

ER model in adolescents
+ integrated analyses of
pooled data (phase 3
clinical trials)

Question of
Interest

Context of Use

What is the clinical efficacy of the proposed dose

of the product in adolescents (12-17 years)?

Exposure-response (E-R) model informing about the
clinical efficacy (i.e. exacerbation rate) of a biologic in
adolescents (12 to 17 years) with asthma. The E-R model
is built using 2 clinical efficacy/safety phase 3 studies
conducted in adults and adolescents  (~100
adolescents).

Medium: the projection of the exacerbation rate from

METHOD BENCHMARKING

FIGURES |

a repository of key regulatory (sub-)questions based on data-
driven interrogation of MA A including MAA related to bridging
across conditions of use. This repository is built on data-driven
interrogation of scientific information and aims to provide drug
developers and regulators with an integrated tool to support the
decision-making process, learn across process and therefore,
contribute to adoption of alternative data types and innovative
analytical methods. This approach is intended to complement
the existing regulatory structures and aims to enhance trans-
parency by providing a powerful engine for learning and pro-
moting consistency across procedures and medicinal products.
By searching the repository, regulatory assessors and drug spon-
sors will be able to identify data and methods used to address
specific questions on previous use cases. This could therefore
accelerate the effective development of monoclonal antibodies
for asthma treatment, particularly in the pediatric population
by reducing the current three-year gap that often exists between
approval for adults/adolescents and the subsequent approval for
children aged 6-12years, allowing earlier incorporation of pe-
diatric information into the label. While the case study focuses
on monoclonal antibodies for asthma, the repository and under-
lying approach are expected to be relevant to future biologics,
including next-generation monoclonal antibodies, emerging in-
novations such as novel delivery systems and biosimilars.

4.1 | Current and Future Use of MIDD in Asthma
Monoclonal Antibodies Drug Development

An analysis of the repository allows to position M&S as a
method in the regulatory decision-making landscape during de-
velopment of the approved mAbs for the treatment of moderate-
to-severe asthma. M&S methods were used to answer 39% of
the questions in our repository, and hence, complementing or
replacing other traditional approaches. Despite their potential
multidimensional role, M&S methods were predominantly used
to characterize the PK and the efficacy of the product at popu-
lation level, whereas the product safety profile was mostly char-
acterized using other traditional methods and data. A potential
exists for using M&S approaches for characterizing the safety of
mAbs, particularly for evaluating the risk of immunogenicity,
an important concern in mAb drug development [17]. Different
M&S approaches has been developed to address this concern in-
cluding a quantitative system pharmacology platform and ma-
chine learning approaches [18-25].

Mogol this model was complementary of data from 2 phase 3
> Credibility assessment Credibility assessment Credibility assessment Influence clinical trials perf Ormz Ao dulzs and adolece en’fs
= including technical including technical including technical i
a implementation following implementation following implementation following Conesatence
g state of the art state of the art state of the art o wqrong High: a wrong decision could lead to unregulated
2 v . o asthma.
Answer to Question A Answer to Question A Answer to Question A Decision sthma
: ) Model Risk High: model influence x consequence of wrong decision

ModelImpact High: replace a dedicated clinical trials in adolescents

Example of method benchmarking including credibility assessment through the ICH M15 table for assessment of MIDD evidence.

Our analysis also indicates that the M&S methods used in the
drug development of monoclonal antibodies are only com-
mon approaches such as popPK, E-R and PK-PD models. The
more recent and emerging modeling approaches, including
physiologically-based PK modeling, quantitative system phar-
macology modeling, and artificial intelligence and machine
learning modeling, were not applied during the development
of the five drugs investigated. Notably, several researchers have
already proposed physiologically-based PK models to predict
mAbD PK, including mAb used in asthma treatment. In addi-
tion, Gadkar et al. developed quantitative system pharmacology
model to evaluate potential treatments for severe asthma [26].
These additional modeling techniques can help at various stages
of pediatric disease drug development.

4.2 | Credibility Assessment and Benchmarking

Interestingly, the analysis of the repository showed heterogene-
ity in the use of M&S across products, with various methods and
data supporting the answer to similar key regulatory questions.
The underpinning assumption of the question-centric approach
is that, similarly to established data and methods, the full po-
tential of alternative (new) data types and innovative methods
can only be reached when appropriate tools for contextualizing
their credibility exist and are used by drug developers and regu-
lators. There is a need to show that the relevance and adequacy
of alternative data types and innovative analytical approaches
in addressing the question of interest is demonstrated. In the
proposed question-centric model, the credibility-based assess-
ment framework is introduced into the regulatory workflow to
structure and standardize the evaluation method and the data
attributes [12].

One of the objectives of this repository is to shift from current
partitioned evidence generation (quality, preclinical, clinical) to
a more integrated approach and support drug sponsors and reg-
ulatory assessors in drug development and assessment. Using a
more integrated approach would offer the possibility to combine
different types of data in an integrated assessment approach
and open up more possibilities for the acceptability of alterna-
tive data types and analytical methods. However, this cannot be
performed at the expense of the quality of evidence supporting
benefit-risk assessment, and this is crucial to benchmark M&S
approaches versus previously accepted, established or standard
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methods that can alternatively be used to address similar ques-
tions, based on the context of use. Therefore, key assessment
elements of the table of assessment of MIDD evidence per the
ICH M15 guidelines were filled for questions answered by M&S
methods [27]. Subsequently, the proposed MIDD approaches
were compared to alternative approaches proposed for the exact
same question. One of the lessons learned by performing M&S
credibility assessment is the heterogeneity of methods used and
their maturity. Of note, a similar benchmarking process could
also be applied between traditional methods and data and is not
restricted to M&S methods.

5 | Conclusions

This article describes a repository of key regulatory questions
built using the question-centric approach, centered on pediat-
ric drug development questions relying on adequate question
identification, use of appropriate data and methods and optimal
method credibility assessment and benchmarking. An analysis
of the repository locates the use of M&S methods and bench-
mark these innovative methods versus standard methods for
mAbs used to treat moderate-to-severe asthma approved from
2014 to 2024.
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