Health Policy and Technology 14 (2025) 101070

Contents lists available at ScienceDirect
HEALTH POLICY

Health Policy and Technology

ELSEVIER journal homepage: www.elsevier.com/locate/hlpt =

Review Article ' :.)
A scoping review of modelling in target product profile development for

medical innovation

Ying Jie Chong“, Nitirot Phasitthanaphak ”, Teerawat Wiwatpanit ", Yot Teerawattananon ™",
Yi Wang ™"

@ Saw Swee Hock School of Public Health, National University of Singapore and National University Health System, 12 Science Drive 2, Singapore 117549, Republic of
Singapore

Y Health Intervention and Technology Assessment Program Foundation, Department of Health, Ministry of Public Health, 6th Floor, 6th Building, Tiwanon Road,
Nonthaburi 11000, Thailand

ARTICLE INFO ABSTRACT
Keywords: Background: Target Product Profiles (TPPs) serve as strategic tools for planning medical innovation development,
Target product profile facilitating communication with regulators, and developing market access strategies. Modelling can assist TPPs

Preferred product characteristics
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development and provide guidance on defining attributes. This scoping review aims to outline the general steps
in employing models in developing or refining TPPs and to identify the common themes of the attributes
informed by modelling.

Methods: PRISMA-ScR checklist was used to guide this review. Literature search in PubMed, Scopus, Web of
Science, Embase, and the World Health Organization Institutional Repository for Information Sharing (WHO
IRIS) was conducted between August and September 2023. Subsequently, two researchers reviewed abstracts
independently. Only full text articles used modelling to inform TPPs of health technologies with detailed
modelling and methodology reported were included in this review. General information, technology-related
information, TPP-related information, and model-related information were extracted from the articles and
analysed thematically. EPIFORGE 2020 checklist was used to assess the reporting quality of modelling approach
of the included articles.

Results: This review included 23 articles published from 2010 onward, reflecting a growing interest in using
modelling to inform TPPs development. The studies covered diverse medical innovations, including drugs,
vaccines, devices, procedures, and vector control tools. Commonly modelled attributes for devices included
health impact, economic value, and efficacy. For non-device innovations, clinical efficacy, economic value, and
dosage were the most frequently modelled attributes. The modelling process typically involved three steps:
scoping, model development and validation, and analysis with recommendations. Limitations from the modelling
process discussed across studies fell into three categories: evidence quality, modelling assumptions and structure,
and the generalisability of findings. While some attributes, like clinical efficacy, are straightforward to model,
certain attributes such as human factors require considering proxies such as compliance rates or capacity
constraints.

Conclusions: This review identified common product attributes in TPPs that were informed by modelling, outlined
the modelling process, and highlighted key limitations. It provided recommendations to improve the modelling
approach in TPPs development and highlighted the need for further research to standardise the modelling
process.
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Public Interest Summary: Target Product Profiles (TPPs) are documents that outline targets for new medical in-
novations to effectively address specific public health needs. These documents are developed through multiple
rounds of consultations with domain experts and stakeholders. We aimed to study how mathematical modelling
can be used to support TPPs development. Through a systematic search, we identified and studied 23 papers that
used modelling. We observed a structured three-step process: identifying the suitable model, testing and tuning
the model, and using the model outputs to set the targets. Modelling was primarily applied to establish targets
relating to efficacy and economic values of the medical innovations. Our findings offer insights into the role of
modelling in TPPs development and inform potential future methodological guidance.

Background

Target Product Profiles (TPPs) outline the list of essential attributes
for medical innovations — defined as technologies that prevent, diagnose
and monitor diseases, improve health, or prolong life [1]. TPPs outline
what is needed to meet specific clinical, regulatory, and market re-
quirements. They typically specify the minimum and optimal targets to
be achieved and are used as product-specific strategizing tools for reg-
ulatory submission dossier preparation as well as communication aids
with the stakeholders during product development [2]. TPPs are
conceptually similar to Preferred Product Characteristics (PPCs) and
Quality Target Product Profiles (QTPPs). PPCs are created early on to
provide general guidance, while QTPPs are used at a later stage for
quality assurance [3,4].

The World Health Organization (WHO) develops TPPs as part of its
‘R&D Blueprint’ initiative, providing guidance to product developers
and innovators on specific targets to address emerging public health
priorities [5]. The process involves eliciting input from various stake-
holders and reflecting their consensus on necessary product attributes to
meet the specific medical needs. For industry players, these documents
provide valuable information into expected clinical performance, func-
tional attributes, and logistical flexibility of their products [6-8].

WHO TPPs can help streamline the product development process
from initial conception to regulatory approval, allowing medical in-
novations to reach patients faster [5]. This was demonstrated by the
rapid deployment of life-saving vaccines during the COVID-19 pandemic
— a process aided by the WHO’s proposed TPPs for COVID-19 vaccines
based on insights from previous vaccine discovery efforts and discus-
sions among researchers [9]. Using TPPs, companies were informed
about the standing of their vaccine candidates among the rest and
thereby informed their decision in the development process [9,10].
Likewise, regulators were able to rapidly issue authorization for the new
vaccines. As healthcare systems increasingly focus on value-based care,
decision-makers will increasingly rely on health technology assessment
(HTA) to select cost-effective interventions for public reimbursement
[11-13].

Existing systematic reviews on TPPs found that, while TPP devel-
opment processes can vary, they share a common structure with three
distinct phases: scoping, drafting, and consensus-building [14,15].
However, during TPPs development, stakeholders may find it chal-
lenging to identify appropriate values for certain attributes or reach
consensus [16,17]. In such cases, modelling, using mathematical or
statistical methods to simulate real-world processes, can provide justi-
fication and support setting these values, helping align decisions with
evidence-based insights [18]. Researchers can also use modelling to
refine the attributes of existing TPPs to address the needs of a specific
setting [19]. However, there is currently no comprehensive review of
modelling details and guidance of using models to develop and refine
TPPs.

In this scoping review, we aimed to comprehensively explore how
modelling has been used in the development and refinement of TPPs.
First, we provided an in-depth overview of the general characteristics of
the TPPs with modelling used in the development or refinement process,
establishing a clear scope and context for their application. Second, we
summarised the modelling process in detail and explored how models

were incorporated into TPP development and refinement. Third, we
identified the challenges and limitations associated with using model-
ling in TPP development, examining the boundaries of models’ appli-
cability and potential biases to foster a realistic understanding of their
capabilities. Lastly, we presented recommendations for effectively
integrating modelling into TPP development and refinement.

Methods

A scoping review was conducted to identify the types of available
evidences (e.g., summarizing general characteristics), clarify key con-
cepts (e.g., type of models used and attributes examined), examine the
research procedures (e.g., stakeholder involvement and model devel-
opment), and identify other important factors relating to the concept (e.
g., limitation and boundary of applying model to inform TPP) [20,21].
Two types of studies were eligible for inclusion: (1) those incorporating
modelling as part of the TPPs development process and (2) those using
modelling at a later stage to refine or adapt attributes in TPPs. Only
studies that reported details of the models and modelling approach were
included. The Preferred Reporting Items for Scoping Reviews (PRIS-
MA-ScR) checklist was used to guide this scoping review [22].

Search strategy

The search strategies were developed based on the study objectives
with consultation with a university senior librarian. The following
electronic databases were extensively searched between August and
September 2023: PubMed, Scopus, Web of Science, Embase, and WHO
Institutional Repository for Information Sharing (WHO IRIS). No re-
strictions on publication year or geographic area were applied.

Three key concepts were identified for the search: Concept 1 “Target
Product Profiles”, Concept 2 “Modelling” and Concept 3 “Economic
Evaluation”. Search terms based on concepts [1] to [3] were combined
using Boolean operators and paratheses in the following manner #1
AND (#2 OR #3). Concept 3 “Economic Evaluation” was used to capture
the HTA studies and economic evaluation studies that used health eco-
nomic modelling [23-25]. This inclusion reflects the importance of HTA
and economic evaluation in informing reimbursement decision and
Universal Health Coverage packages inclusion [26,27]. Details of the
search strategy and results are presented in Appendices A and B.

All references were imported into Rayyan software [28]. Duplicate
references with a similarity score over 95 %, considering factors
including title, authors, journal and publication years, were detected
and removed using the auto-resolver function. Any remaining duplicates
were then removed through manual screening of article titles and ab-
stracts. Two reviewers, one pursuing a Master’s degree in Public Health
and the other holding a Master degree in Health Economics, indepen-
dently conducted eligibility screening using Rayyan’s blinding function
to reduce bias. The screening was done in two phases using adapted
methodology developed by the Joanna Briggs Institute [29]. Disagree-
ments on inclusion between the two reviewers were resolved through
discussion with a third reviewer. Articles were removed using the
following exclusion criteria: full-text unavailability, not related to
human health outcomes, not related to medical innovation. Studies were
also excluded if modelling was not used, or if details of the model and
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modelling approach were not reported. Similarly, economic evaluation
studies and HTA studies were excluded if modelling was not used, or if
details of the model and modelling approach were not provided. A full
detailed description of the exclusion criteria is available in Appendix C.
Articles that focused on Quality by Design (QbD) were excluded.
QbD is a systematic approach to pharmaceutical development that em-
phasizes product and process understanding, process control, and risk
management based on predefined objectives and sound science [30].
While QbD principle may intersect with TPPs development, our scoping
review focused on exploring the use of modelling in TPPs development,
an area less explored in the current literature. In contrast, QbD is a
well-established tool in the pharmaceutical industry [31,32].

Data extraction and analysis

The information extracted can be separated into four groups. The
first group contained information relating to general information such
as: article title, year of publication, country, country income level, and
type of technologies. Technology Readiness Level (TRL) was employed
to assess innovation maturity [33]. The second group consisted of in-
formation regarding the product’s attributes, value and value proposi-
tion, such as healthcare needs and public health priorities. The third
group relates to the information of modelling process and the final TPPs,
e.g. the reference TPPs used and the attributed that were informed by
modelling. The fourth group was related to the model and methodology
used, for instance: model classification, analyses conducted, and input
parameters. Details of the information extracted are presented in
Appendix D.

Article appraisal

EPIFORGE 2020 checklist, a 19-point intended for papers focusing
on modelling and prediction, was used to assess article quality [34].
Articles received 1 point for each item fulfilled or partially fulfilled. The
reporting quality score was then calculated as a percentage of the points

out of 19. Articles are classified as “fair”, “moderate”, or “good” when it
was equal to or <50 %, 51% to 80 %, or >80 %, respectively [35].

Results synthesis

The qualitative information was synthesized thematically [36]. For
general characteristics, such as medical innovation type, common
product attributes, and model input parameters, were categorized using
thematic analysis according to Association for Medical Education in
Europe (AMEE) Guide No 131 [37].

TPP attributes informed by modelling were categorized using
different frameworks for device and non-device. For device-innovations,
thematic analysis of the product attributes was done using frameworks
described in previous literature [14]. For non-device innovations, we
applied previous US FDA Guidance as a framework for thematic analysis
[38]. Table 1 details the categories for attributes.

Lastly, models from the included articles were classified into pre-
diction model, optimisation model, and information model. Prediction
model is defined as a mathematical process used to predict the impact of
the product attributes [39]. Optimisation model is defined as a mathe-
matical approach used to identify prioritised product attributes to
maximise resource allocation [40]. Information model is defined as a
mechanism used to reflect the TPPs in real world [39].

Results
Selection of eligible articles
A total of 749 articles were retrieved from five databases. Three

hundred forty-three duplicate articles were excluded, while the
remaining 406 articles were screened by reviewing the title and
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Table 1
Types of product attributes described in TPPs informed by modelling.
Device Non-device
Types of e Health impact [defines the ability e Clinical efficacy and
attributes of the device in improving effectiveness
patients’ health-related e Dosage and
outcomes] administration
e Cost e Adverse reactions
e Analytical performance [defines o Information relating to

the ability of the device to
generate accurate results in terms
of sensitivity and specificity [14]]
Human factors [describe how the
users interface with the devices
[141]

Clinical validity [defines the
ability of the device to generate
results that correspond to the
relevant physiological state of the
user [14]]

Unmet clinical need [describes
the ideal criteria in the TPP
relating to the patients or clinical
setting [14]]

supply, storage and
handling

Indication and usage
Drug interactions
Clinical pharmacology
Description of various
other aspects of the
product

Economic value

abstracts against the applying eligibility criteria. After performing full-
text screening, 23 primary articles were included in the study
[41-63]. Fig. 1 illustrates the search and selection process.

General characteristics of the articles

Table 2 sumamrises the general characteristics of the included arti-
cles, including year of publication, WHO region, income level, type of
medical innovation, and TRL stages.

All articles included in the study were published from 2010 onwards,
with a general rising trend reflecting the increasing adoption of using
modelling to inform TPPs in the past decade. In 2023, the number of
articles included only accounted for the first 8 months of the year.
Twenty-two articles were specific to one WHO region, with half of them
being focused on the African region. One article (4 %) concerned three
regions: African, European, and South-east Asian regions. Four articles
concerned high-income countries while 11 covered middle-income
countries. Income level of settings for the remaining eight articles
cannot be identified.

The medical innovations described spanned a range of technologies
including drugs, vaccines, health-promoting products, medical devices,
medical procedures, vector control tools, and non-specified innovations.
Fourteen (61 %) of the technologies were at or above TRL 5, while four
were below TRL 5. The innovation from the remaining five articles
covered a range of TRL stages.

Product attributes reported in the articles

Fig. 2 summarizes the types of product attributes informed by
modelling. For device-innovations, the most common attributes
included “health impact” (n = 4, 17 %), “economic value” (n = 3, 13 %),
and “device efficacy/effectiveness” (n = 3, 13 %). For non-device in-
novations, the most common attributes were “clinical efficacy and
effectiveness” (n = 13, 57 %), “economic value” (n = 4, 17 %), and
“dosage and administration” (n = 3, 13 %).

In general, modelling can help determine optimal product attribute
values to meet specific targets, such as enhancing cost-effectiveness,
ensuring affordability, and achieving a targeted health impact. For
example, Wang et al. used early health economic modelling to inform
the effectiveness and cost of the technology to achieve cost-saving [63].
Whittles et al. assessed the potential impact of vaccination and the
feasibility of meeting the WHO's target of reducing gonorrhea incidence
by 90 % between 2018 and 2030 [45]. Shoukat et al. employed an
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Fig. 1. PRISMA 2020 flow diagram.

agent-based simulation model of Zika virus transmission dynamics to
assess the vaccine’s impact on microcephaly incidence and other out-
comes under various scenarios, including different levels of vaccine ef-
ficacy, herd immunity, and vaccination costs [47].

Model and modelling approach

The modelling process can be summarized into the following steps: i)
scoping the modelling process including identifying research questions
and attributes for modelling, ii) developing and validating the model,
iii) conducting analysis and generating results and recommendations.

Scoping the modelling process

First, health issues and concerns were identified to guide the TPPs
development or refinement. Ten articles developed new TPPs, with the
remaining 13 articles refined TPPs. Among the 13 articles refining
existing TPPs, four articles referred to existing WHO TPPs, whereas nine
articles did not mention the reference for the TPPs. Twelve (52 %) ar-
ticles reviewed past literature when selecting product attributes for
modelling. Two (9 %) articles consulted experts in their respective fields
during this process [44,58].

Developing and validating model

This process involved selecting and designing the model, stating
model assumptions, identifying parameter input values, and validating
the model.

A full list of studies and models are in Appendix D. Eight studies (35
%) used previously published models, 11 studies (48 %) adapted pre-
viously published models, and four studies (17 %) built models for their
study. The most common method used was the prediction model (n =
20), followed by optimisation model (n = 4), and information model (n
= 1). Two articles used both prediction and optimisation models using a
predict-AND-optimise approach [52,63].

Thirteen articles (57 %) used previous literature to justify the as-
sumptions defined for the models. One (4 %) consulted expert about the
choice of model assumptions [63]. The source of input data included
literature, government reports, survey, and expert consultation. Table 3
summarises the details of the input parameters used, including their
classification, definitions of each classification, the number of articles
that considered each parameter, and examples.

Five (22 %) articles validated the models used for TPPs development.
The remaining 18 (78 %) did not mention if model validation was
conducted for the study. Of the five articles that validated the models,
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Table 2
Summary of general characteristics of studies.

Characteristics Results
Year of publication N (%)
2010 1(4)
2011 14
2014 14
2016 14
2017 2(9)
2018 3(13)
2019 3(13)
2020 5(22)
2021 2(9)
2022 4(17)
2023 1(4)
WHO Region N (%)

African Region 10 (43)
European Region 3(13)
Region of the Americas 3(13)
South-east Asian Region 3(13)
Western Pacific region 3(13)
African Region, European Region, South-East Asian Region 14
Country income level N (%)
High-income country 4Q17)
Middle-income country 11 (48)
Low-income country 0 (0)
Non-specific income level 8 (35)
Medical Innovation Types N (%)
Vaccines 8 (35)
Drugs 6 (26)
Medical device 3(13)
Mosquito control device 3(13)
Health promoting product 14
Medical procedures 1(4)
Non-specific 14)
Technology Maturity (TRL level) N ( %)
Mid-to-market-ready (TRL 6-9) 14 (61)
Early-stage development (TRL 1-5) 4(17)
Broad range of TRLs 5(22)

three of them used data from published studies [41,48,62], one checked
model assumptions against simulations [53], and one consulted experts
[63].

Conducting analysis and generating results and recommendations

Model outputs that were used to inform the product attributes can be
categorised into clinical benefit, economic values, adverse effects, and
non-product related outcomes. Table 4 details the examples for each
model output categories. The complete list of model outputs is listed in
Appendix D.

Sensitivity analysis is used to investigate the uncertainty of the
baseline findings by varying parameters sample estimates. Sensitivity
analysis allows researchers to study and identify key parameters bearing
on base case results of the health economic model [23]. Most (n = 22)
studies conducted deterministic and probabilistic sensitivity analyses,
and value-of-information (VOI) analysis to address uncertainties.
Deterministic sensitivity analyses examine how changes in specific pa-
rameters, without involving probability or randomness, influence model
outcomes. It includes one-way deterministic sensitivity analysis, where a
single parameter is varied at a time; multi-way deterministic sensitivity
analysis, which adjusts two or more parameters simultaneously to
observe their combined effects; and scenario analysis, which compares
outcomes under predefined sets of assumptions that reflect different
plausible real-world conditions. These approaches share the character-
istic of systematically varying inputs in a fixed, controlled manner
without relying on random sampling. In contrast, probabilistic sensi-
tivity analysis investigates the impact on the baseline findings of the
joint uncertainty of all parameters which were assigned a theoretical
probability distribution [64]. VOI analysis builds on this by exploring
the cost-effectiveness of collecting further evidence to reduce uncer-
tainty related to one or more parameters that are expected to have a
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relevant impact on decision-making [65]. Among these, 18 studies
conducted one-way deterministic sensitivity analysis or multi-way
deterministic sensitivity analysis by varying one parameter at a time
or multiple parameters at a time to their upper and lower bounds while
holding all other parameters constant. For example, infectiousness
reduction levels were assigned to be 0 %, 50 %, and 75 % for low, me-
dium, and high vaccine effects, respectively for a study modelling RSV
vaccines [57]. Meanwhile, three studies used a combination of deter-
ministic and probabilistic approaches [47,52,63]. Two studies per-
formed VOI analysis [42,63]. Various methods were used to define the
ranges of input parameters for sensitivity analysis, including
scenario-based adjustments [46,63], adherence to clinical protocols
[52], use of interpretable units [52,53], and arbitrary percentage
changes [62]. The rationale for selecting these ranges included assessing
the impact of the product or aspirational targets, referencing plausible
values from previous studies or WHO recommendations, and reflecting
current scenarios and real-world conditions.

Limitations identified in articles

The limitations discussed in the articles can be grouped into three
categories: i) quality of evidence, ii) model assumptions, structure and
analysis, and iii) robustness, validity, and generalisability of model re-
sults. Table 5 summarized the limitations identified from the studies.
The evidence quality limitations can be further classified based on the
type of evidence, including a) overall evidence quality such as small
sample size [41], b) evidence from expert such as biased experts’
opinions [44], and c) evidence from clinical trial such as biased
endogenous measures [46]. Examples of limitations related to model
assumptions included omission of relevant attributes and insufficient
consideration of interaction between attributes [43,62]. For instance,
Beacroft and Hallett highlighted the inadequate consideration of in-
teractions between the vaccine attributes in the model [62]. Examples of
limitations detailing the robustness, validity, and generalisability of
model results included inconsistency between results and field data, and
lack of consideration for inter-participant variation [48,59]. Walker
et al. examined treatment for lymphatic filariasis and onchocerciasis.
Their model focused on stochastic variation in the number of worms
detected without considering inter-participant variation in treatment
response [48].

Recommendation of attributes for modelling

Not all attributes are suitable for modelling. Certain attributes, such
as operational conditions like temperature requirements and biosafety
considerations, are either challenging to model or gain minimal benefit
from modelling. Table 6 outlines the attributes that can be modelled or
informed through modelling and shows examples based on the studies
reviewed. Some attributes, such as clinical efficacy and effectiveness,
are relatively straightforward to model. Others may require manipula-
tion or simplification for modelling purposes. For instance, human fac-
tors can be modelled using metrics such as compliance rate, error rate, or
capacity constraints such as the maximum number of patients tested or
treated per day.

Methodological reporting quality assessment

EPIFORGE 2020 checklist was used to assess the quality of 19 (83 %)
articles. The remaining 4 (17 %) were not assessed due to the type of
model used. All 19 articles received a moderate rating (score: 51 - 80 %)
in terms of the methodological reporting quality.

Discussion
Different from the existing two systematic reviews on TPPs [14,15],

we focused on studies that specifically detailed the modelling approach
used in developing and refining TPPs. Cocco et al. focused on medical
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Types of device product attributes informed by modelling

Health Impact

Economic value

Device Effectiveness

Human Factors

Analytical Performance

Unmet Clinical Need

0 1 2 3 4 5
Number of TPPs
b) Types of non-device product attributes informed by modelling
Clinical efficacy and effectiveness i : : : : I 13
Economic value 4
Dosage and Administration 4‘_‘ 3
Supply chain, storage, and handling 2
Adverse reactions 2
Clinical pharmacology —1
Product aspect description /1
Drug Interactions —1
Indication and Usage —1
0 2 6 8 10 12 14

Number of TPPs

Fig. 2. Types of product attributes informed by modelling in a) device and b) non-device.

tests and Ibnidris et al. reviewed TPPs in general. Neither study
considered reporting modelling details as an inclusion and exclusion
criteria.

Modelling procedure during TPP development

Based on our results, the modelling process for developing and
refining TPPs generally followed three steps i) scoping the modelling

process including identifying research questions and attributes for
modelling, ii) developing and validating the model, iii) conducting
analysis and generating results and recommendations. Most articles did
not mention the involvement of stakeholders during three steps, unlike
the 3-phase process, including scoping TPP, drafting TPP, and
consensus-building, where stakeholders were engaged throughout the
general TPPs development process from the previous reviews [14]. It is
possible that the stakeholders were consulted prior to the modelling



Y.J. Chong et al.

Health Policy and Technology 14 (2025) 101070

Table 3 Table 5
Input parameters classification. Limitation identified from the studies.
Input Model Number Classification Examples Quality of evidence Overall evidence quality: Small sample size
arameter of articles efinition ; quality of evidence not assesse
P: f articl Definiti [41]; quality of evid d [42]
Classification Evidence from expert: no expert input; assume
erspectives of various stakeholders are
Population 14 Parameters related to Initial total P . P s L.
the subjects studied population [45] aligned [42]; biased experts’ opinions [44]
) ) - 1’ " Evidence from clinical trial: measures could be
sglir:g[: [I; (;liul?f;on endogenous (biased); suboptimal sample size
v
’ in clinical trial [46,47]
X i expe(}tancy [47] Model assumptions, structure Model assumptions not valid [62]
Intervention 13 Parameters associated Vaccine schedules . . )
ith th dical [44] c and analysis Certain relevant TPP attributes, cost, or
;’:nova;;:e rlg;uct seek;npe:::niiit outcomes not considered in the model [54]
P ) [60] 8 . Interaction between TPP attributes not
dura’t iroefl[rg ;1 considered [46]
Uncertainties not well addressed [47
Outcome 13 Parameters associated Vaccine-conferred . . 1471
with the effect reduction in Certain scenarios not explored [51]
b 4 It of cibility Robustness, validity, and Interpretation limited by model assumptions
° serve. as .a resu _0 ,Suscel_) 1biAty to generalisability of model [56]
the medical innovation infection [45], .
roduct i 1491, cur results Results not generalisable due to unaccounted
product. € tCTZ}] » cure variation across participants, regions, or time
rate
eriods [44
Ecological 10 Parameters that Animal welfare [46], p. . L ] . .
described the mosquito extrinsic Bias in prediction due to certain model aspects
50
interaction between incubation period (501 e .
oreanisms and their 1471, probability of Oversimplification in the model which may
g. ¢ inf ’t'p d y lead to an inaccurate representation of real-
cvronment ltl:ai(;riztltsin Ofo a sand world conditions [60]
fly [50] s Inconsistencies between model results and
y [5 fi X
eld data or other studies [59
Transmission 9 Parameters that Prevalence settings 159
influence the spread of [41], rate of recovery
infectious disease. from infection [57],
mean rfxte' of . Table 6
t 58 . .
. ransmission [58] Examples for model-informed attributes.
Immunity 5 Parameters that affect Relapse rate [60],
the immune response duration of protection Attribute Examples
to pathogens. [44], pre-existin, , , R R R
P 8 level (I;f herd & Target population Goscé et al. considered different targeted age group in
immunity from their Epstein-Barr Virus transmission model [54].
previous outbreaks Clinical efficacy and Obadia et al. used an infectious disease transmission
effectiveness model to compare different test sensitivities and
[47]
Health System 5 Parameters related to Use of healthcare ssectlﬁc-ltlesztgnd their impact on malarial control
the access to health services [44], access s .ra eglhes- [491. i
services or product to treatment [52] Kinyanjui et al. modelled effectiveness of the RSC
) treatment initiati(;n vaccine to identify its desired value [51].
delay [58] Goscé et al. compared efficacy and duration of
Cost 5 Parameters linked to Commodity cost [44] protection in their Epstein-Barr Virus transmission
expenses. costs of physician visit model [54]. L. X i
for symptomatic cases Dosage and Hogan et al. compared dose timing in their modelling
[471, cost of follow-u administration of population-impact for a malaria vaccine and
treat’ment stroke P discovered that the providing a forth vaccine dose
improved the efficacy of the vaccine, and made
recommendations based on those finding [41].
Clinical pharmacology Bretscher et al. compared different combinations of
Table 4 transmission-blocking activity and prophylactic

Examples of model output categories.

Drug interactions

Model Output Examples Article
Categories cited
Clinical benefit : g;;}i;};y A[;;?é‘;;” Adverse reactions
o Efficiency
e Population health in terms of Quality-
adjusted Life Year (QALY)
Economic values o Willingness to pay [46,47, .
N . ) . Economic factors
o Cost-effectiveness Potential cost savings 63]
Adverse effects e Overtreatment (defined as administration of [50,58]
product in person who does not have the
disease)
o Hospitalisation due to treatment
Non-product e Approximate sample size requirement [48]

related outcomes

Human factors

process, but this was not reported in the studies we reviewed, which

Supply chain, storage,
and handling

primarily focused on modelling issues. Additionally, there may be an

additional phase after the consensus-building phase that was not

effects for malaria prevention [53].

Pan-Ngum et al. modelled the potential interactions of
an infant vaccine in the presence of waning maternal
antibodies in for RSV transmission in their Sequential
Acquired Immunity model [57].

Archer et al. determined various vaccine
characteristics that may affect safety criteria of
vaccine products including relative risk of
intussusception (a potential side effect of the
intervention) [44].

Wang et al. assessed the economic impact of a soft
robotic sock for post-stroke rehabilitation considering
cost of device, cost of treatment and cost of
manpower, and identified the cost of intervention to
make the technology cost-effective compared to
standard of care [63].

Wang et al. modelled patient compliance rate of using
a soft robotic sock for post-stroke rehabilitation [63].
Li et al., examined infant formula and found that
specific supply chain-related issues like traceability
and origin played crucial roles in consumer
confidence [46].

captured. Innovators often keep their projects confidential and may be
reluctant to engage with stakeholders when using modelling to refine
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the attributes of the technologies.
Model specification and analyses

Literature review was used more than stakeholder consultation when
formulating model assumptions, model structure and identifying
parameter values. However, stakeholders can provide important insight
and context when building models which literature review may not
provide. Continuous engagement helps long-term collaboration to
improve the relevance and interpretability of the model and its results
[66].

In terms of the types of models, the main difference between pre-
diction model and optimisation model is down to the purpose and
therefore the output. Prediction model produces forecasts based on
existing data while optimisation model produces an optimal solution
given the constraint [39,67]. Generally, most of the clinical efficiency
and efficacy type attributes are developed using prediction models. The
optimisation models helped inform attributes of TPPs for innovations
within the conditions set by decision makers, as such the attributes
informed by such models were more related to themes of cost and eco-
nomic value. The common constraints included targeted
cost-effectiveness, budget and implementation coverage.

Criteria for identifying targeted values of TPP attributes

Different criteria can be applied in the model when identifying tar-
geted values for the attributes. The choice of criteria is likely to influence
the final outcome. Our results showed that the criteria used in modelling
for TPPs refinement included: i) maximising clinical utility (QALY,
Disability-adjusted Life Year (DALY), relative risk, efficacy, etc.), ii)
optimizing economic impact (minimizing budget impact, maximizing
net monetary benefit, and minimizing ICER), and iii) minimising
adverse effects. Criteria related to both health and economics have been
considered. HTA elements should also be considered to better inform
innovators of product attributes needed by public health systems and
expedite the development-to-reimbursement process. This framework
aligns well with principles of early-phase HTA or early HTA where
technology owners and developers make evidence-informed decisions
on further investment in certain healthcare innovations [42,68,69].

Methodological reporting quality

The process-related information in TPPs development studies is
critical for ensuring replication and validation. However, in our review,
some articles did not report the selection criteria for the attributes,
reference sources, or methods used to justify model assumptions. This
inconsistency may stem from the absence of standardized reporting
guidelines for using modelling to inform TPPs development. Future
research should prioritise creating a checklist to standardise and
enhance reporting quality.

Using EPIFORGE 2020 guidelines, all articles received moderate
ratings for methodological reporting quality standards, indicating
consistent and moderately complete reporting. All evaluated articles
outlined the study’s objectives and forecasting targets, as well as pro-
vided references to source data origins. Key reporting gaps included the
lack of definition and justification for metric of validation accuracy, as
well as limited comparison of model results with benchmarks or com-
parators. Since the primary aim of TPPs is to guide the development of
new medical innovations, including indicators such as model validation
and result evaluation is essential for maintaining their relevance and
quality.

Strategies to strengthen modelling for TPP development

To address the limitations commonly observed in modelling studies
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used to inform TPPs, several strategies can be implemented to
strengthen the robustness, relevance, and credibility of the findings.
First, improving the quality of evidence is essential. This includes
ensuring adequate sample sizes, systematically assessing the quality of
evidence, and transparently incorporating experts’ input through
structured elicitation methods while accounting for potential biases and
differences in experts’ perspectives. Second, model assumptions and
structures should be grounded in empirical data and validated by
domain experts. Sensitivity analyses should be conducted more thor-
oughly to examine the impact of parameter uncertainties and structural
uncertainties. VOI analysis should be employed to identify key param-
eters, such as interaction between TPP attributes or cost, for which
further data collection may be value-for-money [24]. Finally, enhancing
model validity and generalisability requires careful consideration of
population, regional, and temporal heterogeneity. Cross-validation with
empirical or field data, as well as iterative stakeholder engagement, can
help ensure that models do not oversimplify complex systems and
remain aligned with real-world dynamics. This validation process can
also inform model refinement and guide the selection of the most
appropriate model.

Limitations of the current review

There are several limitations of this review. First, this review may
miss TPP studies or similar documents developed by companies, which
are typically unpublished [14]. This could introduce bias as the com-
panies may consider different product attributes compared to publicly
available documents. Second, it is possible that the modelling compo-
nent was part of a larger study and we only observe part of the infor-
mation due to selective reporting. For example, stakeholder engagement
might have been conducted to provide insights into certain aspects of the
modelling process, but these details may not have been included in the
modelling-focused reports. Third, the included studies must explicitly
state TPPs and PPCs, and with aims to develop and refine the charac-
teristics of TPPs. For example, it is common for modelling studies to do
threshold analysis to identify parameter values to achieve certain tar-
gets. Such studies were not included as the study objectives are different
from the focus of our review.

Conclusions

This review identifies the common types of product attributes that
can be informed by model. It also outlined the three-step modelling
process in TPPs development and refinement. Important details such as
stakeholder involvement and modelling process were not well reported.
These issues highlight the need to develop a formal guidance for
modelling in TPPs development and refinement.
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Appendix A. Summary of search terms based on concepts
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Concept 1 Concept 2 Concept 3
Key concepts Target Product Profiles Modelling Economic Evaluation
Subject Heading (MeSH/PubMed) NA "Models, Statistical"[Mesh] "Cost-Benefit Analysis"[Mesh]
Subject Heading (Emtree/Embase) NIL *simulation’/exp *cost benefit analysis’/exp

Search terms

"Target Product Profiles"
"Preferred Product Characteristics"

Model*
Simulat*
Statistical
Quantitative

"Economic Evaluation"
"Cost effectiveness analysis"
"Health technology assessment"

Appendix B. Database search strategy

Database Terms to the query box Date of Search Number of articles identified (n)
PubMed Abstract/Title 07 September 2023 72

Scopus Article title/Abstract/Keywords 14 August 2023 292

Web of Science Abstract/Title/Keyword plus 14 August 2023 220

Embase Abstract/Title/Author keywords 09 September 2023 98

WHO IRIS Title 09 September 2023 67

Appendix C. List of exclusion criteria, justification, and number of articles that meet criteria for exclusion

Exclusion Criteria

Justification

Number of articles that
met exclusion criteria

Articles that are not English, Chinese nor Thai

Articles with no full text

Information may be lost in translation

2

Article is not a TPP/PPC or of a similar nature

Articles that describe TPP/PPC development or refinement

methods without modelling

Articles that detail TPP/PPC without information about the

details of the modelling methods
Not related to human health outcomes
Not related to medical innovation

Articles that describe the development of tools that aim to
improve quality aspects of medical innovation based on quality

by design concept

Abstracts or conference proceedings do not provide adequate details about process 10

of TPP/PPC development or refinement

Our study objective is to study modelling in use in TPPs development. Studies that
do not include TPPs are out of the scope of this review.

This is to align with the review’s objective to identify common themes among the
models

Adequate information about the models is necessary for identification of the
common methods used in modelling to meet the objective of this review

This is to align with the review’s objective to make contribution to public health
This is to align with the review’s objective to promote research and development of
medical innovation

This is to align with the review’s objective to evaluate studies that do not study the
chemistry, manufacturing and control (CMC) activities of product development
because CMC activities already have established standards in the industry

36

61

85

174

Appendix D. Summary of characteristics of included articles (n = 23)

Characteristics Results
Year of Publication (range) 2010 - 2023
Language n (%)
English 23 (100 %)
Chinese 0
Thai 0
Demand gap n (%)
Disease-related 22 (96)
Health promotion-related 14)
Technology readiness level (EU) n (%)
1 2(9)
2 1(4)
3 14
4 0
5 4(17)
6 209
7 209
8 0
9 3(13)
1-5 (narrow) 14
1-8 (wide) 2(9)
1-7 (wide) 14

(continued on next page)
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(continued)
Characteristics Results
Year of Publication (range) 2010 - 2023
2-9 (wide) 2(9)
5-9 (narrow) 14
6-8 (narrow) 1@
Type of medical innovation n (%)
Mosquito control device 3(13)
Drugs 6 (26)
Health promoting product 1(4)
Medical device 3(13)
Medical procedures 14
Vaccines 8 (35)
Non-specific 14
Health setting applicable to n (%)
Community 4(17)
General public use 3(13)
Primary healthcare 10 (43)
Tertiary healthcare 209
Intermediate and long-term care or home care 1(4)
Not specified 3(13)
WHO regions studied n (%)
African Region 11 (48)
Region of the Americas 4Q17)
Western Pacific Region 3(13)
European Region 3(13)
South-East Asian Region 4(17)
Country income level n (%)
High Income Country 4(17)
Middle Income Country 11 (52)
Low Income Country 0
Non-specific 8 (35)
Reference used for TPP development/refinement n (%)
Reference TPP used (WHO) 4(17)
New TPP developed 10 (44)
Not mentioned 9(39)
Selection method for reference TPPs to be informed by modelling n (%)
Expert consultation 14)
Literature 7 (30)
Not applicable (for newly developed TPPs) 10 (44)
Not mentioned 5(22)
Selection method for TPP attributes n (%)
Expert consultation 2(9
Literature 12 (52)
Not reported 9(39)
Model informed TPP attributes focus (Medical/Mosquito control device/Medical Procedure) n (%)
Unmet Clinical Need 1(4)
Clinical Validity 3(13)
Human Factors 209
Analytical Performance 14
Cost 3(13)
Health impact 4(17)
Model-informed TPP attributes focus (Drugs/Vaccines/Health-promoting product/Non-specific innovation)

Indication and Usage 1(4)
Dosage and Administration 3(13)
Adverse reactions 2(9
Drug Interactions 14
Description of various aspects of the product 1(4)
Clinical pharmacology 14)
Clinical efficacy and effectiveness 13 (57)
Information regarding supplying, storage and handling 209
Economic values 4Q17)

Model n (%)
Individual-based model of the human transmission pairs with stochastic compartmental model of mosquito biology 14)
Individual-based stochastic model 14)
Decision tree model 2(9
Economic model 14
Transmission model 3(13)
Compartmental transmission model 4Q17)
Mixed logit model 14
Agent-based computational model 1(4)
Individual-based EPIONCHO transmission model (EPIONCHO-IBM) 14)
Mathematical model 4Q17)
Excel-based model based on TSE (Total Systems Effectiveness) approach 1(4)
Sequential Acquisition of Immunity (SAI) model 209
Boosting and Waning of Immunity (BWI) model 2(9
OpenMalaria 14

10

(continued on next page)
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(continued)
Characteristics Results
Year of Publication (range) 2010 - 2023
Gaussian process (GP) emulator 14
Burden Model and a New Treatment Model 14
Model (classification by purpose) n (%)
Prediction model 20 (87)
Optimisation model 4(17)
Information model 1(4)
Model Reference n (%)
Used published model 8 (35)
Modified published model 11 (48)
Newly developed 4(17)
Method used to justify model assumption n (%)
Literature 13 (57)
Expert consultation 14
Practical reason (to reduce computational complexity) 1(4)
Not mentioned 8 (35)
Analysis conducted n (%)
Sensitivity analysis (including scenario analysis/simulation and threshold analysis) 22 (96)
Cost-utility analysis 209
Value-of-information analysis 209
Discrete choice experiment analysis 1(4)
Headroom analysis 14)
Input parameters (themes) n (%)
Population 14 (61)
Immunity 5(22)
Ecological 10 (43)
Transmission 9(39)
Intervention 13 (57)
Health System 5(22)
Outcome 13 (57)
Cost 5(22)
Selection method for input parameters n (%)
Literature 14 (61)
Expert consultation 3(13)
Government reports 14)
Not applicable 6 (26)
Choice of range for input parameters n (%)
Statistical distribution 14
Scenario based 20 (87)
95 confidence/credible interval 209
Fixed percentage 11 (48)
Interpretable units 10 (43)
Range of percentage 14

Rationale for choice of range
Arbitrary scenario
Explore impact of product
Reflect current/realistic scenario
Plausible values described in previous study
In line with WHO recommendations
Aspirational target

Origin of input source data n (%)
Literature 20 (87)
Expert consultation 3(13)
Government reports 2(9)
Survey (blood sample result) 14

Time Horizon n (%)
1-20 years 13 (57)
21-40 years 4Q17)
41-60 years 2(9
61-80 years 0
81-100 years 0
Lifetime of human 14
Lifetime of mosquito 14
Not reported 1(4)
Not applicable 14

Justification of time horizon
To obtain high-quality long-term data, more helpful, more conservative estimates
Represent childhood period
Target year specified by WHO
To obtain greatest effect size
To smooth out effects of mass drug administration timing
To simulate epidemic trajectories
To calculate lifetime cost
To investigate the influence of the timing and pace of scale-up
Not mentioned
Not applicable

(continued on next page)

11
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(continued)
Characteristics Results
Year of Publication (range) 2010 - 2023
Age group studied n (%)
< 5 years old 5(22)
Adults 6 (26)
All age groups 5(22)
Women 15-49 yo, other individuals 9-60yo 14)
Model does not include age structure 1(4)
Not mentioned 3(13)
Not applicable 1(4)
Number of participants n (%)
< 1000 3(13)
1000 to < 10,000 4(17)
10,000 to < 100,000 2(9)
100,000 to < 1000,000 1@
1000,000 and above 14)
Not mentioned 10 (43)
No. of studies involved stakeholders in assessment process n (%)
Yes 5(22)
No 14)
Not mentioned 17 (74)
No. of studies include model validation n (%)
Yes 5(22)
No 0
Not reported 18 (78)
Method of model validation n (%)
Use data from previous studies 3(13)
Checked model assumption against simulations 14
Expert consultation 14)
Not mentioned 18 (78)
Outcomes studied
Clinical benefit
Public health impact
Deterministic targets & Probabilistic targets & Stochastic targets for TPP — efficacy, utility
Efficacy
Efficiency
Weight of each product attribute has on the consumers’ utility
Treatment response dynamics
Opportune follow-up timeframes in relation to efficacy level
Population health (DALY/QALY)
Level of protection
Disease outcomes (incidence/prevalence)
Economic values
WTP
Deterministic targets & Probabilistic targets & Stochastic targets for TPP — cost
Influence of confidence level on WTP
Incremental Cost-Effectiveness Ratio/Net Monetary Benefit
Cost-effectiveness probability
Cost/ Monetary burden
Incremental costs per DALY
Potential cost savings
Adverse effects
Overtreatment (administration of the drug in a participant that had not been infected with P. vivax in previous 9 months)
Hospitalisation due to treatment
Non-product related outcomes
Estimated sample size
Minimal Coverage
Selection method for outcomes n (%)
WHO Strategy/Roadmap 209
Literature 9(39)
Pharmaceutical trial design 14
Expert consultation 14
Not reported 10 (43)
Public health themes discussed n (%)
Efficacy 17 (74)
Duration of protection 7 (30)
Early HTA 14
Antibiotic resistance 1@
Consumer confidence 14)
Cost-effectiveness 5(22)
Opportune follow-up timeframes 14
Accessibility 4(17)
Adherence 1(4)
Contraindications 14)
Coverage 5(22)
Safety 1(4)
Health impact 14)

(continued on next page)
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(continued)

Characteristics Results

Year of Publication (range) 2010 - 2023
Budget impact 1(4)
Effectiveness 3(13)
Regimen duration 14
Efficient (i.e., no hospitalisation, no severe side effects) 1(4)
Risk of relapse 14)

Policy recommendation (Themes)

To increase public confidence
Policy action on improving perception of product is needed
Education of product and its production process is needed
To scale up implementation of innovation that matches TPP
Need for increased investment for innovation that matches TPP

To improve product standard
Well-designed trials are needed
Communication with R&D stakeholders are needed

To improve HTA analytical framework
Applying early HTA can save cost, accelerate market access, and promote more equitable services
Inform policymakers about the cost-effective scenarios of vaccination and its potential for outbreak containment
Modelling approach can be used to evaluate cost-effectiveness

To improve clinical practice
Provide insight on how TPPs translate to public health outcomes
Inform about the criteria on which treatment guidelines are formulated

Funding n (%)
Public 13 (57)

Swiss National Science Foundation
UK Medical Research Council (MRC)
European Union (EU)
National Health Service
National Institute for Health Research (NIHR)
Public Health England (PHE)
Health Protection Research Unit in Modelling Methodology at Imperial College London
Ministry of Agriculture and Rural Affairs of China
Natural Sciences and Engineering Research Council of Canada (NSERC)
Coordenacao de Aperfeicoamento de Pessoal de Nivel Superior (CAPES)
National Health and Medical Research Council (NHMRC)
National Institutes of Health
Agence Nationale de la Recherche Investissement d’Avenir Programme
Laboratoire d’Excellence “Integrative Biology of Emerging Infectious Diseases”
INCEPTION program
Thailand Research Fund
Engineering and Physical Sciences Research Council
UK Alan Turing Institute for Data Science and Artificial Intelligence
London School of Hygiene and Tropical Medicine
United States Agency for International Development
Dutch Research Council
National Research Foundation Central Gap Fund
Private 8 (35)
Bill and Melinda Gates Foundation
Sino-Dutch Dairy Development Centre
Canadian Foundation for Innovation (CFI)
Rockefeller Foundation
GlaxoSmithKline Biologicals SA
Global Health Discovery Program
International 15 (65)
Wellcome Trust
Innovative Vector Control Consortium (IVCC)
Task Force for Global Health
Drugs for Neglected Diseases initiative (DNDi)
United Kingdom’s Department for International Development
World Health Organization (WHO)
Medicines for Malaria Venture (MMV)
President’s Malaria Initiative
PATH-MACEPA
Malaria Transmission Consortium (MTC)

Quality check — Applicability n (%)
Yes 19 (83)
No 4(17)
Of the 19 studies that EPIFORGE 2020 are applicable to, N=19
Quality check - Yes or partially (Out of 19 items in checklist) n (%)
Less than or equal 50 % 0
51 -80 % 19 (100)
>80 % 0

13
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