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Abstract

This study proposes a comprehensive MedTech product innovation development
framework tailored for university research commercialization within emerging mar-
kets. The MediGate framework, built on the Augmented Stage-Gate model, addresses
the unique challenges of MedTech innovation, including regulatory compliance,
stakeholder engagement, and market dynamics. The framework integrates critical
decision-making criteria for different types of inventions to drive academic research
toward commercialization in clinical settings. Through detailed case studies, includ-
ing innovations like albumin strip test, 3D-printed patient-specific implant, COVID-

19 nasal spray, and Al platform for depression detection, and iterative refinement,

the framework provides actionable guidelines for navigating the complexities of prod-
uct development. These guidelines ensure alignment with clinical needs, regulatory
requirements, and market strategies. The research highlights the importance of early-
stage valuation, reimbursement strategies, legal and IP considerations, and manu-
facturing and quality management. By offering a structured pathway, this research con-
tributes to the theoretical and practical understanding of MedTech commercialization,
aiming to enhance innovation success and healthcare impact in emerging markets.

Keywords: Entrepreneurship, New product development, Innovation, MedTech,
Digital health, Medical devices, Research commercialization, Technology transfer,
Regulatory compliance, Intellectual property, Venture creation, Innovation-driven
enterprise, Financial valuation, Clinical readiness level

Introduction

Medical technology (MedTech) refers to the product, service, software, or solution
resulting from the technology developed and practiced within the healthcare delivery
systems to improve the quality of life of patients and caregivers (Bandeiras, 2020; Bosque
Ortiz & Hsiang, 2018; Wurcel et al., 2017). It comprises the services provided within
healthcare facilities and the products utilized around the delivery of healthcare services.
MedTech utilizes and addresses specific medical objectives supporting human health
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and life (Karthika & Vijayakumar, 2022; “Springer Handbook of Medical Technology’,
2011). Moreover, MedTech can be classified into different technological areas, such as
medical devices, digital health, personalized treatment, etc. (Bandeiras, 2020).

MedTech has radically changed the way we manage, treat, and perceive diseases
(Brodsky, 2010), plays a crucial role in advancing and transforming healthcare delivery
systems, and contributes to its valuable impact in several ways; for example, improving
patient outcomes, increasing access to healthcare, reducing healthcare costs, enhanc-
ing patient experience, advancing health diagnostic, and reducing risk exposure. Con-
sequently, it leads to an improvement in the quality of life for people and society (David
et al,, 2019; Timmermans & Berg, 2003).

Many factors have driven the growth of global healthcare demand and pushed the
industry to adopt innovation faster and better to improve patient life and reduce health-
care costs. The demand for automatic patient data collection and analysis led to the
creation of integrated electronic health records (Lester & Hobbs, 2007). Meanwhile,
megatrends, such as the rising prevalence of chronic diseases, the aging population, the
COVID-19 pandemic, and the growing demand for minimally invasive procedures, are
driving global healthcare demand to create healthcare innovations, such as personalized
medicine, telehealth, and advanced materials.

Thus, launching MedTech is necessary to overcome healthcare challenges and drive
economic growth. Yet, to develop successful product commercialization, applying a sys-
tematic product innovation development process can increase the chance of exploita-
tion success and help management to understand user insights, challenge assumptions,
redefine problems, make good decisions using critical thinking, and create innovative
solutions to prototype and test with target users to exploit the market effectively. How-
ever, successful MedTech launching typically requires complex implementation due to
the high complications of the industry and complex interactions among key stakeholders
(Kimberly & Evanisko, 1981; Sobrio & Keller, 2007), such as complexity of medical treat-
ment decisions, strict regulatory control, variations in clinical practice and healthcare
delivery, different expectations from multiple stakeholders, etc. Another big challenge
comes from how medical innovation is diffused into the complex healthcare system.
According to the classical innovation diffusion theory proposed by Rogers (2003), dif-
fusion is a process that explains why individuals, or other decision-making units, in a
social system communicate or receive information about innovation through specific
channels over time. Diffusion in healthcare pays more attention to the social system and
how to communicate and absorb among different stakeholders, whether it be individu-
als, organizations, or cities, which sometimes require different approaches as innova-
tions do not diffuse uniformly (Wisdom et al., 2014).

Therefore, to overcome such challenges, MedTech strongly requires strategic planning
to drive adoption apart from individual levels as the decision-making within the industry
depends on many factors such as patient, physician, hospital, National Health Security
Office (NHSO), ecosystem, etc. (Dearing & Cox, 2018) as well as collaboration as early
as possible among diverse teams, including design, healthcare, engineering, ergonomics,
physiotherapy, occupational therapy, social research, and more (Moody, 2015), each with
its own distinct needs and expertise (Heron & Tindale Obe, 2015). Another research
also highlighted that the newer models of innovation policy are required to promote
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interaction among stakeholders to overcome the valley of death from research to market
(Hudson & Khazragui, 2013), which is similar to the concept of the triple helix model,
which promotes the way of working that the government, private sector, and academia
must collaborate to form a solid, innovation ecosystem to support manpower, finance,
know-how, production facilities, regulation, and sandbox testing in order to expedite the
speed of innovation development (Leydesdorff & Etzkowitz, 1998).

Hence, this research aims to achieve the following objectives: (1) to propose the Med-
Tech product innovation development framework, named MediGate, with critical deci-
sion-making criteria for different types of inventions to drive academic research toward
commercialization in clinical settings within emerging markets; (2) to increase the
chance of research commercialization success, encouraging key users to participate in
innovation development, and raising adoption and diffusion within the healthcare sys-
tem; (3) to develop clinical readiness level assessment and valuational calculation meth-
ods for early-stage MedTech to achieve clearer communications among stakeholders
and more transparent comparison among different investment and commercialization
options. While the study addresses various types of MedTech, its scope does not delve
into the pharmaceutical industry or extend to established markets.

Literature review

Healthcare innovation diffusion and adoption

Healthcare innovation involves the adoption of proven and effective practices that
enhance patient safety and outcomes while improving organizational performance and
enabling healthcare professionals to work more efficiently and cost-effectively (Thakur
et al,, 2012). For innovation to diffuse in the healthcare system, it needs more attention
to the social system and how to communicate and absorb among their stakeholders,
including individuals, organizations, or countries, which sometimes require a different
approach as innovations do not diffuse uniformly (Wisdom et al., 2014). Despite peo-
ple resisting change, it is important that MedTech startups focus more on individuals
or micro-level perspectives that later contribute to any organizations change action
(Milella et al., 2021). Additionally, increasing employees’ attitudes toward technology
acceptance can lead to a rise in the intention to use of technology inside the organiza-
tion (Davis, 1989; Venkatesh & Davis, 1996; Venkatesh & Ramesh, 2006; Venkatesh et al.,
2003). Individual success in embracing change can drive an organization towards the
diffusion and adoption of innovation. This is particularly vital in the medical field, where
competitiveness and sustainability are closely linked to innovation. Consequently, this
shift can enhance the organization’s learning competitiveness, raising its innovativeness

and capacity to innovate (Ignacio et al., 2010; Rogers, 2003).

Co-creation innovation in healthcare

Co-creation innovation with users in healthcare settings can play significant roles in
many ways to solve unmet needs and drive adoption. User innovation is defined as the
struggle of users for a solution that does not exist in the market, and they are willing
to pay for its development (von Hippel, 2005). Lead users, which are advanced users
and a subset of user target groups who deal with individual problems very intensively
(von Hippel, 1986), contribute a vital role in testing, validating, and gaining valuable
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feedback on the early development of the product. According to healthcare setting, cli-
nicians’ innovations within the workplace can enhance both the frequency and depth of
user innovation, facilitate the creation of high-value innovations, and yield high returns;
however, there is a gap in expanding the actual benefits to specific users and especially
clinicians, which are limited due to under-diffusion as user-innovators often show disin-
terest in conventional market-based diffusion strategies (Svensson & Hartmann, 2018).
Thus, understanding different customers’ jobs is also important as it can help the man-
agement to deeply understand customers’ struggle for progress and then create the right
solution and attendant set of experiences, including functional, emotional, and other
perspectives, to ensure solving all customers’ jobs well, every time (Christensen et al.,
2016). Moreover, patient-led innovation, while embraced by patients, often challenges
professionals and policymakers. To increase the success rate in launching innovation,
it is recommended to incorporate as early as possible among diverse teams, includ-
ing design, healthcare, engineering, social research, etc. (Moody, 2015), to work col-
laboratively using their own distinct needs and expertise (Heron & Tindale Obe, 2015).
Therefore, the new development approach is required to promote divergent thinking
by placing patients at the forefront of the innovation process during critical decision-
making stages of the product development process. It also requires strong leadership to
question conventional practices, a solid commitment to collaboration, a shared benefits
among user participants, and an investment in cultivating a culture that prioritizes the
patient perspective (McNichol, 2012).

Product innovation development process in MedTech

Literature in systematic product innovation development models, potentially applicable
to the MedTech domain, has been reviewed to create an NPD model that aims to launch
new MedTech products and services under a condition of extreme uncertainty (Ries,
2011) in academic research origin settings and emerging markets. For example, Shaw
(1998) identified ten stages in the innovation cycle of the UK medical equipment indus-
try, whose success required effective management enhanced by continuous networking
and interaction among entrepreneurs and stakeholders, with overlapping stages and rich
information sharing to integrate activities, leverage societal knowledge, and build credi-
bility. Thakur et al. (2012) suggested the decision-making and implementation process of
healthcare innovation to be adopted in the healthcare organization, which addresses key
factors such as idea generation, decision-making, rollout, evaluation, and modification.
Pietzsch et al. (2009) proposed the comprehensive modified stage-gate model (Cooper,
1990) that incorporated regulatory and several aspects that are suitable for medical
devices. Additionally, Soenksen and Yazdi (2017) suggested the modified stage-gate
process that incorporated an investment decision-making system that could be found
useful for identifying and managing life science-related projects. Ocampo and Kaminski
(2019) suggested product development models for medical devices in emerging markets
led by small and medium-sized enterprises (SMEs). Furthermore, Mejtoft et al. (2022)
proposed the design-driven MedTech innovation development process within the tech-
nological research center context in developed countries and clinical readiness levels
(CRLs) for supporting the understanding of clinical application readiness.
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While these models provide valuable insights into MedTech product development,
they often lack adaptability to the specific challenges faced by university research ini-
tiatives in emerging markets. For instance, the regulatory frameworks and resource
constraints in these markets differ significantly from those in developed countries
(Gasmi & Recuero Virto, 2005; Panda & Dash, 2014; Ray & Ray, 2010). Moreover,
existing models may not fully integrate clinical, regulatory, and business strategies,
which are essential for successful commercialization (Namati, 2019; Panescu, 2009).

This study addresses the following gaps in the literature: (1) the practical application
of the MedTech-focused NPD model that is suitable for university research initiatives
within emerging markets; (2) the effective business strategies that align with specific
clinical needs and legal requirements; (3) the suitable legal and regulatory readiness
in MedTech for better communication; (4) the integration of clinical, regulatory, and
tech transfer strategies that align with product development progress; (5) the eco-
nomic value calculation of early technology; (6) the appropriate clinical adoption
strategies, and (7) redefining failure from the NPD’s Stage-gate Go/No-go to launch
new imaged-ends that are more suitable for venture creation context. Additionally,
there is an opportunity for various product development models for different types
of commercial purposes, such as not-for-profit organizations, contract research, etc.

Our previous research proposed the Augmented Stage-Gate product development
process for DeepTech innovation, which can give deep-tech startup entrepreneurs,
researchers, and management a systematic guideline and recommended activities
from ideation to scale-up stage while increasing business and technology readiness
level (TRL) (Kruachottikul et al., 2023). Therefore, this research redesigned the pre-
vious Augmented Stage-Gate for DeepTech to be the practical implementation of a
MedTech-focused NPD model, tailored for university research initiatives in emerging

markets.

Methods

This research aims to construct a comprehensive framework for the MedTech develop-
ment process, focusing on the research-to-commercialization journey within emerg-
ing markets. We adopt a process-oriented approach developed by Platts (1993) as the
methodology. This methodology has gained popularity among technology and innova-
tion management scholars for its effectiveness in developing novel approaches, frame-
works, and business tools (Ilevbare et al., 2016; Park et al., 2020). For example, Baker and
Bourne (2014) employed this methodology to refine stage-gate controls to improve NPD
decisions. Vinayavekhin and Phaal (2019) leveraged it to propose a framework for syn-
chronizing technology and innovation strategies across different business units and hier-
archical levels within a firm. Weyrauch et al. (2021) utilized this methodology to develop
the “Objective-Conflict-Resolution” approach for facilitating the development of radical
and frugal innovations. Similar to the previous literature using this methodology, this
research comprises three distinct phases: development, improvement, and validation. It
is important to acknowledge that these phases are not entirely discrete and that there
might be some overlap between them, involving multiple iterative cycles and continuous
interactions with key stakeholders, such as patients, clinicians, mentors, and experts.
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Developing the framework

The first phase entails developing an initial framework grounded in the existing litera-
ture on MedTech product innovation in emerging markets. We conducted a compre-
hensive literature review to establish an initial framework based on current knowledge.
Moreover, to incorporate real-world practice, we launched a questionnaire targeting
participants of MedVentures, a prominent MedTech incubation program at Chulalong-
korn University Technology Center (Chula UTC), which is Chulalongkorn University’s
research commercialization platform. We received responses from 27 out of 31 research
projects/startups from the 2020 and 2021 cohorts. The questionnaire explored their
perspectives on the entrepreneurial process and crucial aspects for successful MedTech
startups. Subsequently, we conducted semi-structured interviews with ten research pro-
ject/startup teams and eight representatives from university management, government
grant agencies, and the Thai Food and Drug Administration (FDA) who participated in
the program. These interviews aimed to capture insights on MedTech-specific entrepre-
neurial processes and critical functional aspects. The interview duration ranged from 45
to 90 min.

Analysis of the findings highlighted that a good understanding of MedTech-specific
entrepreneurial processes and important functional aspects, including project manage-
ment, sales and marketing, technology, legal and regulatory, reimbursement, manufac-
turing, clinical, financial, and minimum viable product (MVP) development, can help
startups understand the complexity, role, and responsibility of each stakeholder in the
healthcare system, network with key stakeholders in medical domain to eliminate road-
blocks, improve the chance of successful exploitation, and increase the readiness level
of technology, business, law, and regulation. Based on these findings, we constructed an
initial draft NPD for MedTech based on the Augmented Stage-Gate framework (Krua-
chottikul et al., 2023), characterized by a simplified, iterative, and multi-stage linear

structure.

Improving the framework

The second phase focused on refining the framework through in-depth case studies of
actual firms. We deliberately selected four teams developing diverse MedTech prod-
ucts—the albumin strip test, 3D-printed patient-specific implant, a nasal spray that traps
and inhibits the COVID-19 virus, and an artificial intelligence (AI) platform for depres-
sion detection—based on specific criteria to ensure a comprehensive representation of
the MedTech innovation landscape. The criteria for selecting these case studies were:

1. Diversity of MedTech innovations: we aimed to cover a broad spectrum of medi-
cal technologies, including diagnostic devices, implantable medical devices, over-
the-counter-medical devices, and digital health solutions. This diversity ensures the
framework’s applicability across various types of MedTech products.

2. Stages of development and commercialization: the selected projects are at different
stages of the product development lifecycle and employ varied commercialization
strategies, from licensing agreements to startup formations. This variation allows us
to assess the framework’s effectiveness at multiple development phases.
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3. Origin in academic research within emerging markets: all innovations originated
from university research initiatives in emerging markets, aligning with our focus on

facilitating the commercialization of academic research in these contexts.

Selecting case studies that met these criteria ensured that the MediGate framework
could be tested and refined across a spectrum of real-world scenarios, making it more
robust and universally applicable. By closely examining the application of the frame-
work across different stages of development and varied MedTech products via multi-
day visits, conference calls, and phone calls with key stakeholders, tangible outcomes
and insights that illuminate the effectiveness of the framework were gathered. This is
to ensure that the real-world application of the framework contributes to the iterative
enhancement of our framework, aligning it with not only theoretical expectations, but
also the practical demands of the MedTech industry.

The draft NPD model served as a reference for these teams over a period of three to
four months. We directly observed the teams as they progressed through each stage of
the framework. Tangible outcomes such as sales figures, contract execution, regulatory
approvals, and certifications were documented. Additionally, we gained access to rel-
evant development process documents, including progress checklists and presentation
slides, submitted by the teams. Information collected and analyzed for the case studies
encompassed team composition, research and development (R&D) progress, regulatory
processes, business plans, project planning and concepts, product design, milestones,
risk assessments, technology verification and validation (building MVP), market valida-
tion, legal activities, intellectual property (IP) status, implementation and operations,
sales and marketing activities, and financial activities. We supplemented observations
with interviews involving stage-gate committees and two to three members from each
team (principal investigator and one to two additional team members). These inter-
views explored the teams’ journeys, their application of the framework, and the achieved
results. We also discussed significant challenges encountered during implementation
and the solutions developed by the teams. The interviews were recorded, transcribed,
and used to create a final case summary reviewed and approved by the interviewees. In
some instances, we revisited the interviewees for further information or follow-up inter-
views when implementation details and results became clearer.

The four case studies showcase how the draft NPD model was applied in various
MedTech contexts. The first, the albumin strip test, is a rapid urine test developed at
Chulalongkorn University, offering a portable and cost-effective solution for kidney
disease screening, particularly useful in remote areas. This case highlights the chal-
lenges of manufacturing reliable test strips in Thailand and efforts to establish GMP-
certified laboratories to ensure consistent production. The second case, 3D-printed
patient-specific implant, involves personalized titanium bone implants created using 3D
printing technology. Originating from a research-focused laboratory, the company cus-
tomizes implants based on individual patient CT scans, navigating strategic planning,
regulatory compliance, and technology transfer for successful market entry and clini-
cal adoption. The COVID-19 nasal spray is the third case, an over-the-counter product
developed to trap and inhibit the COVID-19 virus using human antibodies. It offers a
non-prescription method for self-prevention during the pandemic and involved rapid
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development and regulatory strategy with the Thai FDA. Lastly, the AI platform for
depression detection is a digital health application from the Research Center of Excel-
lence in AI for Mental Health (AIMET). It provides mental health screening and support
using Al integrated into public health systems, with a user-centric design and a focus
on social impact, having already helped over 2,000 severe depressive cases and screened
more than 200,000 individuals in 2023. Together, these cases illustrate the complexity
of MedTech innovation, covering product development, regulatory navigation, market
adoption, and the integration of technology into healthcare. The detailed explanations of
each case study are presented in the Supplementary Materials.

The outcome of this phase is a comprehensive framework with detailed explanations
for each stage, including recommended functional activities and decision-making pro-
cesses at the stage-gate before transitioning to the next stage.

Validating the framework

The final phase is aimed to validate the framework’s applicability for broader practi-
cal use. We recruited ten organizations and presented them with the refined frame-
work developed in the previous phase to gather feedback (details on interviewees in
Table 1). The objective was to obtain insights and integrate minor refinements into the
framework. We engaged in detailed discussions with each interviewee regarding the

Table 1 MediGate validation interviewees'demographics

No Interviewees Positions Roles Products Employees Type of Duration
organization (min)

1 MedTech CEO Management  Class4 Medi-  >100 Startup 80
startup and research  cal devices
2 MedTech Director Researchand  Medical >10 Academic 70
research QMS devices organization
organization development,
and validation
service
3 MedTech CEO Management  Class 4 Medi-  >10 Startup 71
startup and research  cal Devices
4 MedTech gov- Director Investment Funding >100 Government 73
ernment fund- agency
ing agency
5  MedTech CEO Management  Class 4 Medi-  >10 Startup 63
startup and research  cal Devices
6  Consultant Director Management  Business >20 Consultancy 83
firm and consult-  strategy
ing
7 Business Deputy direc-  Management  Business >100 Academic 86
school tor and research  education organization
programs and
research
8 Lawfirm Partner and Legal advisory IP law services  >200 Law firm 86
co-head and manage-
ment
9  Thai FDA Director Regulatory Medical device >500 Government 51
oversightand  regulations agency
compliance
10  Law firm Associate Legal advisory Corporate law > 1000 Law firm 46

and manage-  services
ment
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framework’s activities and decision points to ensure a precise and comprehensive under-
standing of the presented framework. The absence of major modification suggestions
and a significant decrease in proposed changes indicated a thematic saturation (Ilevbare
et al., 2016), suggesting broad acceptance of the framework as an accurate reflection of
the MedTech development process.

To further validate the framework, we conducted an experience survey using three cri-
teria established by Platts (1993) for framework assessment: feasibility (understandabil-
ity), usability (ease of use), and utility (practicality). The survey’s design and format were
based on the evaluation sheet developed by Vinayavekhin and Phaal (2020), modified
to fit the framework’s application and goals. We then sent it to participants to evaluate
these criteria through five questions: overall comprehension, completeness, consistency,
educational usefulness, and practical usefulness.

Results

Constructed product development framework: MediGate

This section will explain the proposed framework called “MediGate’, a comprehensive
NPD model constructed specifically for MedTech, focusing on translating from university
research into commercialization in clinical settings within emerging markets. The MediGate
framework is derived from the Augmented Stage-Gate DeepTech NPD framework from
our prior research (Kruachottikul et al., 2023), incorporated with insights gathered from lit-
erature reviews, in-depth interviews, questionnaires, and case studies throughout the three
phases of the process approach (Platts, 1993). The experience survey results showed positive
reception across all criteria, with average overall comprehension rated at 3.80 (SD=1.23),
completeness at 4.40 (SD=1.26), and consistency at 4.50 (SD=0.71). Educational useful-
ness and practical usefulness were both rated highly at 4.40 (SD=0.52) and 4.20 (SD=0.92),
respectively. These ratings validate the framework’s feasibility, usability, and utility.

In addition, we also modified Mejtoft et al. (2022)’s CRL to reflect the complexities
involved in product development, regulatory compliance, and market acceptance, as
shown in Table 2. Clinical trial product validation is separated into 3 stages (CRL 5-7)
to address a deeper focus at each stage, and post-market clinical validation and surveil-
lance (CRL 9) is added to acknowledge the critical importance of continually assessing
the product’s performance, safety, and effectiveness beyond the initial approval stages.
The CRL is incorporated into the assessment of the project’s progress in addition to the
TRL and investment readiness level (IRL) used in the DeepTech NPD Framework (Krua-
chottikul et al., 2023).

The MediGate framework, as shown in Fig. 1, is divided into six stages (Stages 0-5),
as same as in the Augmented Stage-Gate framework (Kruachottikul et al., 2023). The
high-level representation of MediGate’s functional activities, deliverables, and decision
criteria at gates are shown in Figs. 2 and 3, while the activities are explained in detail
in Tables 3, 4, 5, 6, 7, 8. For each stage, the framework lists suggested activities for each
functional group (management, business development, financial management and fund-
ing, revenue model and reimbursement, technology development, legal & tech transfer,
regulatory, clinical, manufacturing & operations, and quality), expected deliverables, and
required criteria to pass each gate. The following subsections explain the overview and
selected essential components of each stage.
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Table 2 Constructed readiness level assessment: modified CRL

Conceptualization
CRLT

CRL2

Concept validation
CRL3

CRL4

Product development
CRL5

CRL6

CRL7

CRL8

Secure clinical competence in the project
to complement the technical compe-
tence in the development process

Verify and define gap/need and risk
analysis

Perform tests in a lab environment

Perform user studies in relevant clinical
environments

Validate product in an animal study

Validate product in a clinical trial (small
group) to obtain an early result

Validate product in a clinical trial (large
group and meet regulatory requirements)

Validate the product’s usability

Post-market clinical validation and surveillance

CRL9

Post-market clinical validation and surveil-
lance

Determine how to achieve relevant clinical
competence to facilitate clinical adop-

tion of the technical product or method.
Furthermore, identify an intended user (key
opinion leader) in the environment who
will be capable of pushing the idea forward.
Assess the possibility of collaboration
around validation of the clinical need and,
further on, in the context of a pre-clinical
and/or clinical study/trial

Verify that the product meets a real need
within health care. Alternatively, the solu-
tion needs to be a relevant improvement of
the existing solution. Perform risk analysis
to determine user-safety classifications

Test that a fully operational prototype
provides the intended clinical functionality
in a relevant laboratory environment, e.g.,
through a pre-clinical study

Verify the need with the intended users
and assess how the proposed solution is
received by relevant clinical environments

Validate prototype functionality regarding
stability/repeatability (if applicable) and
diagnostic or treatment performance in a
relevant animal study environment. The IRB
should be granted by this step

Validate prototype functionality regarding
stability/repeatability (if applicable) and
diagnostic or treatment performance in

a relevant clinical environment including
safety for human use. Also evaluate the
prototype user friendliness with end users
Apply for ethical permission from the
relevant authority

Apply relevant standards for study design
Carefully consider all data that need to be
assessed to perform a health economic
analysis

Similar to CRL6 but aim for a high evidence
level (e.g., by performing randomized, con-
trolled multicenter studies, possibly using

a double-blind approach with placebo
control). Clinical trial results are used to sup-
port product registration

Further clinical trial is used to support mar-
keting and customer adoption. Evaluate the
product’s user-friendliness and validate that
the product meets the end users'needs and
expectations

Continue to gather and assess clinical
information regarding the performance and
safety of the product to validate the exist-
ing clinical benefits claimed and reveal any
potential unknown adverse effects, risks, or
improper use outside its intended purpose
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EARLY PRODUCT PRODUCT

PROJECT DEF. INITIAL DESIGN FINAL DESIGN LAUNCH LAUNCH
ACCEPTANCE ACCEPTANCE ACCEPTANCE ACCEPTANCE ACCEPTANCE
GATE1 GATE2 GATE3 GATE4 GATES
RL>1 RL> 3 IRL> 5 RL> 7 IRL>8
Recommended  rp1>3 TRL> 3 TRL> 5 TRL> 8 TRL> 8

Readiness Level

CRL>1 CRL>3 CRL>5 CRL>8 CRL>8
1 1
1
1
1

Stage 0: Stage I: Stage 2: Stage 3: : Stage 5:

Innovation Build Business Design & Dev. Test and Full Launch /

Ideation Case | Early Validation Scale Up / PLR
Validation

1
_____ d - 1
1

() e () ()

Business Customers or Users

Network of Coaches, Mentors & Business Partners
Legal and Regulatory Experts

Adaptive & Flexible Agile Accelerated
Fig. 1 MedTech augmented stage-gate model (MediGate framework)

Fig. 2 MediGate: high-level representation of development stages and functional activities. The code in
the bracket, e.g., [M0], [BD4], indicates the activities for each functional group and stage and points to its
corresponding details in Tables 3,4, 5,6,7,8
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Fig. 3 MediGate: high-level representation of deliverables and decision criteria at gates

Stage 0: feasibility analysis and innovation ideation

Stage 0 is essential for deciding whether to start the stage-gate activities. Its primary goal
is to find impactful clinical needs with high market potential by identifying opportuni-
ties in a clinical setting and then conducting a feasibility analysis (Barringer & Ireland,
2018). Opportunity identification can be done alone or along with (1) observing trends,
particularly mega trends that cause far-reaching impacts in various aspects, such as eco-
nomic forces, social trends, technological advances, political and regulatory changes,
and health diseases, (2) solving the problem, (3) finding gaps in the marketplace. Then,
feasibility analysis of the chosen opportunities is conducted; this typically involves vital
aspects such as market potential, financial feasibility, legal and regulatory compliance,
organizational readiness, and product/service development that usually leverage the
core technology or experiences of the research team. Moreover, an early management
team, oftentimes a group of researchers, usually carries out the initial feasibility assess-
ment. Personal characteristics, including prior experience, cognitive factors, social net-
work, creativity, and attitudes toward research commercialization, play a crucial role in
research exploitation opportunities more than at the institutional level (Wu et al., 2015);
therefore, it is important to assemble team members with suitable characteristics and
attitudes toward entrepreneurship and research commercialization.

Once the team decides to move forward, MediGate is then applied as a guideline
throughout the product development process. Even though the proposed model consists
of in-depth detail in various aspects, adjustments to the stage-gate activities and deci-
sion criteria are possible to suit the characteristics and requirements of the project, as
shown in Table 9. For example, a for-profit research project with a licensing option is not
required to complete certain aspects that the licensee can handle, such as manufacturing
and operations, quality, and regulatory. In the case of external partnership or outsourc-
ing, some activities can be co-handled or assigned to an external party under the super-
vision of the research team.

While the full activities are listed out in Fig. 1, the following aspects are critical for
Stage 0:

+ Entrepreneurial characteristics, passion, and decision-making
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Table 3 MediGate Stage O (innovation ideation) functional activities in detail

Code Functional group Activities

MO Management Key co-founding members are assembled with cleared roles and
responsibilities to kick start the project

Startup vision and mission is created

Entrepreneurship knowledge is provided to enhance the knowl-
edge and skill of the founding team

BDO  Business development Innovation strategy is assessed in terms of newness, market
impact, value to the user, potential for market adoption, etc

Market assessment is evaluated for both internal (e.g., SWOT analy-
sis) and external (e.g., PESTEL and Competitor Analysis)

Feasibility analysis is conducted for product/service, industry/tar-
get market, organization, and financial aspect

Key opinion leaders are invited to participate in idea validation
Risk assessment is early evaluated

Value proposition strategy is conducted, and the idea is validated
with early target users to understand customers' motivation in
terms of function, emotion, and social perspective

FO Financial management and funding  Financial management is prepared including forecast, proforma
financial statements, and ongoing analysis of financial results
comparing with competitors/industry norms

RRO  Revenue model and reimbursement Multiple revenue models are carefully assessed including a reim-
bursement path

T0 Technology development Early technological development feasibility and risk assessment is
performed

Lo Legal and tech transfer Engagement has been made with the University Technology
Transfer Office

A preliminary study on IP background, including a survey of field/
peripheral technology and potential risks and benefits, has been
conducted

The initial IP strategy, encompassing IP identification, the IP land-
scape has been formulated

Academic IP guidelines, such as invention disclosure protocols and
term sheets, are being studied

RO Regulatory Exploration of the regulatory and clinical pathways is underway

The identification of the medical device type and risk class has
been completed

The device assessment has been predicated
Co Clinical Clinical path is assessed and evaluated

Key clinical opinion leader is identified and validated with a
defined clinical path

MOO  Manufacturing and operations Early assessment for manufacturing and operation plan is prepared
Qo Quality Early assessment for quality management systems is performed

Early project teams in research-focused environments typically consist of members
with strong technical backgrounds responsible for developing the technology. Despite
lacking business co-founders, a technical-oriented leader can develop proficient man-
agerial skills, driven by entrepreneurial motivation and passion (Clarysse & Moray,
2004). Thus, the entrepreneurial skills and growth mindset, including leadership,
creativity, personal characteristics, and intelligence, should be well developed and
embedded into the team along the venture creation process (Billingsley et al., 2023).
As the team progresses, entrepreneurs should learn to adapt and evolve to meet the
real demands. External advisors and mentors play a vital role in providing guidance
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Table 4 MediGate Stage 1 (build business case) functional activities in detail

Code Functional group Activities

M1 Management Project team members are recruited and developed to ensure
enough human resources for further development
Initial project planning using agile methodologies is proposed and
implemented
Advisory board is invited to give an advice and mentoring to the
project team

Network with key stakeholders to broaden the knowledge and
connection and to increase project visibility

Build a real business case and validate earlier business model to
make sure that problem-solution fit with a possibility of market
impact

BD1  Business development More users and key opinion leaders including physician champions
are invited to engage in the validation activities to refine the value
proposition into a better version

Prototype is developed using UX/UI principles in order to validate
and obtain the user feedback

Plan and decide an appropriate commercialization (e.g., spin-off,
licensing, JV, etc.)

Key stakeholders and medical association collaboration are identi-
fied and invited to collaborate in the project

Roadblocks, healthcare/user journey, and market penetration are
initially identified and planned

Participate in an entrepreneurship, incubator, or accelerator pro-
gram to gain knowledge, increase exposure, and build networking

F1 Financial management and funding  Revised financial management is developed and proposed

Explore multiple fundraising options and planning for fundraising
strategy

Participate in early fundraising activities. Typical funding sources
are non-dilutive funding (e.g., university grants, government grants,
contract research funding) and pre-seed funding (e.g., bootstrap-
ping, angels, friends and families, university holdings, incubators)

RR1  Revenue model and reimbursement Revenue models and reimbursement plan are validated and
refined with key stakeholders. Identify reimbursement claims
codes, e.g., diagnosis codes (ICD-10), procedural codes (CPT), facil-
ity codes, etc
Health technology assessment including cost-effectiveness,
availability of clinical practice guidelines, health system readiness,
budget impact on universal coverage scheme (UCS), and ethical
and social issues is prepared

T

Technology development Early technical development concept is designed, evaluated and
selected by R&D team and key opinion leaders

Product prototype analysis is performed for both hardware and
software in lab/real environment

Initiate and maintain design history file (DHF) is prepared, evalu-
ated, and selected by R&D team and key opinion leaders

Initial design risk analysis (design failure mode and effect analysis;
DFMEA) is prepared, evaluated, and selected by R&D team and key
opinion leaders

Human factors engineering (HFE) is prepared, evaluated, and
selected by R&D team and key opinion leaders

L1 Legal and tech transfer The company and employee business legal matters are being
handled

The technology transfer strategy has been finalized

The groundwork for IP protection, including patent search, patent-
ability analysis, and the early drafting of patents and/or trade secret
policies, has been initiated

The IP exploitation to a licensee has been executed
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Table 4 (continued)

Code Functional group Activities

R1 Regulatory The initial regulatory strategy has been developed
The FDA presubmission meeting has been arranged

Regulatory documentation for the common submission dossier
template (CSDT) is being prepared

@ Clinical Initial clinical studies are well planned including clinical safety and
effectiveness, regulatory approval, financial value for reimburse-
ment, and marketing end points

Scientific Advisory Board (SAB) / Key Opinion Leader (KOL) is
formed to give an advice to the R&D and management team in
terms of clinical adoption and trial

Clinical principle investigator (Pl) is selected to lead the clinical trial

In case of human subjects studies, an Internal Review Board (IRB)
to protect the welfare, rights, and privacy of human subjects and a
clinical investigation (CE Study) to assess safety and clinical perfor-
mance are reviewed, prepared, and submitted

Pre-clinical testing / feasibility study is conducted including user
testing, bench testing, stimulated use testing, tissue testing, acute
animal testing, human cadaver testing, and chronic animal testing

Clinical plan and studies are approved by KOL and IRB board

MO1  Manufacturing and operations Rapid prototyping, e.g., UX/UI, computer simulation, 3D printing,
etc, is developed and used for initial market and technical valida-
tion

Initial study on manufacturing and operations capital is conducted

Key suppliers / strategic partners are identified and invited to col-
laborate in the project

Q1 Quality Implement and maintain quality management systems

through its various stages of growth, avoiding the pitfall of being too stubborn to the
original business idea and resisting necessary pivoting (Duening et al., 2012).

Furthermore, understanding self-motivation and entrepreneurial passion at differ-
ent venture stages is crucial for driving the business effectively because this passion
may diminish during the journey (Cardon et al., 2009).

Nevertheless, embracing effectual logic helps entrepreneurs solve problems in
highly uncertain market environments using existing resources within their controls,
such as knowledge, capital, and partnerships. This approach helps entrepreneurs man-
age affordable risk-taking and set achievable goals, which later can evolve through
iterative learning (Wiltbank et al., 2006). Meanwhile, entrepreneurs assess resources
and seek out value-adding partnerships or co-founders rather than waiting for these
to be available to start. Consequently, effectual logic can augment the NPD process
by redefining failure to learn and pivot to launch new goals using feedback instead
of killing it from the Stage-gate Go/No-go concept (Duening et al.,, 2012). As entre-
preneurs gain diverse work experience and develop a stronger sense of sensemaking,
they become more open to identity-sharpening feedback. This approach allows them
to carefully assess feedback in relation to their self-identity and determine whether
re-engineering their core business idea is necessary (Grimes, 2018).

Overall, this foundation step is essential in enhancing the team’s ability to pro-
fessionally handle the complex challenges of translating academic research into a
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Table 5 MediGate Stage 2 (design and development / early validation) functional activities in detail

Code Functional group Activities

M2 Management Final version of business model including exit strategy is developed
Continue product / market fit activities to make sure that the
developed product is accepted by the target user with the market
impact

BD2  Business development Customer prototype is proposed and evaluated with the user
Procurement plan is developed and validated
Distribution channels are identified and validated

F2 Financial management and funding  Financial management of the earlier phase is reviewed. The revised
financial statement is proposed and monitored

Continue participating in fundraising activities. Typical funding
sources are pre-seed funding and seed funding (e.g., angels, family
offices, early-stage VCs)

RR2  Revenue model and reimbursement Reimbursement strategy is validated with key stakeholders and
update

Revenue model is validated and updated

Health Technology Assessment (HTA) Assessment by Health
Intervention and Technology Assessment Program (HITAP) and
International Health Policy Program (IHPP) including economic
evaluation and budget impact is prepared

T2 Technology development Product design development is prepared and approved by man-
agement

Design verification and validation is prepared

Maintain DHF and project timeline is prepared

DFMEA is prepared

Product design freeze is proposed and approved by management

Design master record (DMR) and design history record (DHR) are
developed and maintained

L2 Legal and tech transfer Ongoing business legal matters are being managed

The patent has been finalized and filed, and a trade secret scheme
has been adopted

The patentability analysis has been conducted
R2 Regulatory The regulatory strategy has been updated

The regulatory submission, including listing, partial CSDT, and full
CSDT components, has been submitted

The establishment registration for medical device manufacturing
has been completed

(@) Clinical Clinical validation plan and studies are reviewed and updated
Investigational device exemption (IDE) is proposed and approved

Clinical trial activities are initially conducted and managed via
contract research organizations (CRO) or others

Pilot studies for first-in-human testing (FIH) are planned and
conducted

Pivotal studies including safety & efficacy and clinical performance
are conducted

Biocompatibility testing is planned and ready to conduct the
testing

IRB is approved before launching clinical trial activities

MO2  Manufacturing and operations Supplier and strategic partners collaboration are reviewed and
updated

Initial process failure mode and effects analysis (PFMEA) is prepared

Detailed producibility analysis (e.g., planning, procurement, testing,
training, etc.) is prepared

Manufacturing and operations strategy is reviewed and updated
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Table 5 (continued)

Code Functional group Activities

Q2 Quality Initiate the process of installation qualification (IQ), operational
qualification (OQ), performance qualification (PQ), and product
performance qualification (PPQ)

Table 6 MediGate Stage 3 (test and validation) functional activities in detail

Code Functional group Activities

M3 Management Always gauge customer reaction and purchase intent in order to
refine business plan, revenue model, and product development

BD3  Business development Product branding and marketing concepts are developed
Initial market launch plan and sales forecast are developed

Sales training plan is prepared and sales representatives attend
surgical cases

Initial procurement contract or purchase intent awarded (if pos-
sible)

Distribution channels is finalized

F3 Financial management and funding  Continue participating in fundraising activities, particular with pre-
series A, series A/B, e.g., startup accelerators, angels, VCs, CVCs

RR3  Revenue model and reimbursement Reimbursement strategy is validated and finalized
Revenue model is validated and finalized

Engaging with National Health Security Organization (NHSO) Board
to get approval for reimbursement

T3 Technology development DHF is reviewed, updated, and finalized
DFMEA is reviewed, updated, and finalized
Assure that design outputs satisfy requirements from design inputs
DMR and DHR are finalized
Product labeling and packaging is designed and finalized

Develop, test, and validate commercial product model according
to the design freeze

L3 Legal and tech transfer The finalization of business legal matters is in progress

The IP strategy, encompassing protection and management, as
well as regulatory strategies, including the university technology
transfer process (if any), has been implemented., FTO

The IP valuation assessment process has been initiated, utilizing
income, cost-based, and market methods

R3 Regulatory The final regulatory submission has been completed and submit-
ted

Obtain regulatory approval/clearance
3 Clinical Clinical validation is reviewed and continuously improved

Early clinical result is obtained, reviewed, and used for market
adoption strategy

MO3  Manufacturing and operations Manufacturing and operation scale-up plan is prepared for post-
launching

Required manufacturing certification is secured

Design transfer review is conducted to determine whether
established processes yield finished devices that meet the project
requirements

Q3 Quality Full process qualification is reviewed and finalized
Process of IQ/OQ/PQ/PPQ is finalized
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Table 7 MediGate Stage 4 (launch) functional activities in detail

Code Functional group Activities

M4 Management Methods used to gather information for post-launch review

Always gauge customer reaction and purchase intent in order to
refine business plan, revenue model, and product development

Lesson learned and recommendations arising from the project

Prepare the organization to be ready for scale-up, e.g,, human
resource, skill, knowledge, etc

BD4  Business development Sales and marketing launch plan for early adopters and key influ-
enced customers are implemented. Feedback from early launch is
closely monitored and reviewed

Newer business plan is refined according to the market feedback
/ opportunity

Customer education program is offered to the key customers and
physicians, e.g., sales reps attend surgical cases and physician train-
ing and continued sales efforts

Sales reps try to secure procurement contract awarded and create
sales activity with key influenced customers so that it can be used
for the reference

In case of complex medical device, technical team is required to
educate customers and provide a training

Maintenance and service team are setup and responsible for instal-
lation and after-sales service

F4 Financial management and funding  Continue participating in fundraising activities

Typical funding sources such as VCs, CVCs. In addition, non-equity
funding, e.g,, loans can be explored as an alternative

RR4  Revenue model and reimbursement Reimbursement is reviewed and updated as needed. Explore the
reimbursement strategy for scale-up

Revenue model is reviewed and updated as needed. Also, explor-
ing other revenue model if necessary

T4 Technology development Product improvement from the early market feedback
L4 Legal and tech transfer Patent portfolio management

Preliminary IP valuation can be employed, while additional data
can be collected to generate a more accurate IP valuation in the
future

In-licensing and out-licensing strategies are being considered and
evaluated

The payment and management of royalties are being handled

R4 Regulatory Market surveillance and compliance with the Medical Device
Regulation (MDR) are ongoing as part of the early market launch
strategy

The regulatory strategy for the early launch has been devised and
isin place

c4 Clinical Clinical validation activities are reviewed and continued
Rare adverse events are accumulated and reported

MO4  Manufacturing and operations QC and process improvement process is continued. In addition,
preparing for a productivity expansion in order to lower cost or
increase volume

Q4 Quality Quiality audits are assigned for creating and running tests, identify-
ing errors and providing feedback to ensure a final product meets
a company's quality standards

real-world clinical application. This approach assists entrepreneurs in recogniz-
ing global opportunities, especially since local emerging markets often have limited

scope.

+ Preliminary analysis and planning for value proposition and business model
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Table 8 MediGate Stage 5 (full launch / scale up / post-launch review) functional activities in detail

Code Functional group

Activities

M5 Management

BD5  Business development

F5 Financial management and funding

RR5  Revenue model and reimbursement
T5 Technology development
L5 Legal and tech transfer

R5 Regulatory

a5 Clinical

MO5  Manufacturing and operations

Q5  Quality

Accelerate target market penetration with full effort

Always gauging customer reaction and purchase intent in order to
refine business plan, revenue model, and product development

Newer and better versions of commercial products are proposed
according to the market feedback

Customer education program is continued and expanded to cover
other customers according to the business plan

Continue participating in fundraising activities. Typical funding
sources such as VCs, CVCs. In addition, non-equity funding, e.g,,
loans can be explored for alternative

Reimbursement is reviewed and updated as needed
Product improvements as needed

The ongoing monitoring of IP, including infringement and viola-
tions by the team or others, is being conducted

The management of in-licensing and out-licensing activities is
underway

The payment and management of royalties are being handled
effectively

Post-market surveillance and compliance with the Medical Device
Regulation (MDR) are ongoing to ensure product safety and effec-
tiveness in the market

The regulatory strategy for growth includes expanding indica-
tions, exploring veterinary applications, and scaling to regional and
international markets

Post-market clinical validation and surveillance method is contin-
ued

Process improvements as needed
Update design control documents as needed
Quiality audits

Table 9 Stage-gate activities and decision-making adjustments according to the type of invention

Type of invention Risk (returnon  Recommended type of Recommended Decision
investment/ commercialization (entrepreneur NPD model criteria*
ROI) characteristic) (full, partial) (high,
medium,
low)
For-profit project  High risk Startup (high) Full** High
(high ROI) Licensing (low)
High risk Licensing Partial High
(low ROI)
Low risk SME or privately owned company (high)  Full Medium
(high ROI) Licensing (low)
Low risk Licensing Partial Medium
(low ROI)
Not-for-profit High risk Licensing Partial Low
or social driven =)
project Low risk Social enterprise (high) Partial Medium
(=) Licensing (low)

*Note that the different scales of decision criteria can be defined as

High: scaling format with high threshold criteria

Medium: scaling format with lower threshold criteria (or can be skipped)

Low: yes/no format with lower threshold criteria (or can be skipped)

**In case the project requires equity financing, the criteria and activity should incorporate the investors’ expectations

Page 19 of 43
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While a business model is designed to generate value for the company, the value
proposition is crucial for creating value for customers from its products and services.
Osterwalder et al. (2014) outlined a method for identifying value propositions through
the relationship between two components: the value map and the customer profile. This
involves analyzing a specific customer segment’s needs, or “customer jobs’, from func-
tional, social, emotional/personal, and support perspectives (Christensen et al., 2016)
along with the customer pains and gain. A successful fit happens when the value map
aligns with the customer profile, leading to the creation of products or services that not
only alleviate customer pains but also enhance their gains. In the early product develop-
ment life cycle, the main focus is to find and validate the fit between the problem state-
ment and the proposed solution. After the problem—solution fit is confirmed, later stage
activities shift to developing a product and validating with the target users on a particu-
lar market, also called a product—market fit activity.

Finding the right value proposition to MedTech to create a successful innovation
requires incorporating other strategies apart from a viable business perspective, despite
the fact that healthcare company valuation is highly influenced by the company’s tech-
nology portfolio and management profile (Cosh et al., 2007). MedTech focuses strongly
on identifying the quality of clinical needs and level of innovation, which addresses
important factors such as how the technology can enhance an existing clinical solution
or introduce a completely new one and to what extent it will disrupt established clini-
cal practices. The early value proposition diagram modified from Davey et al. (2011) is

shown in Fig. 4.

« Initial market and clinical assessment

Investment Market
decision decision
. Clinical
An economic value
° problem
of the potential definition
clinically defined <= P Value proposition < >
market
Market segment

Value chain
\ Cost/profit structure

Value network

Competitive network

Other factors: Regulatory,

Reimbursement, Legal, IP,
Technology Transfer

Fig. 4 Modified early value proposition of healthcare technologies with a business model framework
(modified from Davey et al. (2011))
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Both internal and external market analysis are required during this step to under-
stand the high-level business environment and competitive landscape. It is vital for
new business ventures to find the proper impactful clinical needs with high business
potential, which are associated with the total addressable market and disease impact
on the healthcare system. This step can start by searching for information on the
internet, attending medical conferences, or directly observing and interviewing with
key stakeholders such as physicians, patients, healthcare staff or management, etc.
Entrepreneurs should aim for a global or at least regional market since the opportu-
nity and market size are much higher while using the local emerging market as an ini-
tial launch and pivot to gain higher market share before expanding to other markets.
In addition, sometimes it is helpful for startups to study alternatives in the market to
understand opportunities and threats for both direct and indirect competitors.

Next, startups should be aware of challenges and risks in clinical needs, especially
in emerging markets, which consequently create many roadblocks for medical inno-
vation, such as lack of local expertise, low infrastructure, limited funding support,
unsupported laws and regulations, etc. This aligns with the study by Pitts (2015) that
highlighted the roadblocks in medical innovation beyond discovery and development
including complex politics dynamics, perspectives on healthcare economics, friction
among buyers, providers, manufacturers, and regulators, the battle for better patient
education, and the need for a stronger, factual debate on the value of innovation.
Therefore, even though there might be many feasible clinical needs at the start, inno-
vators should be able to narrow them down by comparing the market potential, com-
petitive landscape, risk, and clinical impact.

+ Early regulatory planning

Early regulatory planning involves a preliminary study of the regulatory path, clini-
cal trial, and risk according to the approval process in the target market. Innovation
can be classified into two levels: incremental and breakthrough innovation (Johan-
nessen et al., 2001). The level of innovation newness is associated with the regula-
tory planning strategy because, on the one hand, incremental innovation typically
requires simpler regulatory planning as the product can be replaced or inserted into
the existing medical procedure. On the other hand, breakthrough innovation not only
requires more complicated regulatory planning and changes in the clinical procedure
but also needs to be adopted by key opinion leaders in the clinical field. Moreover, it
is beneficial for the team to understand exceptions in country-specific laws and regu-
lations, such as the Thai FDA allowing personalized medicine to be exploited under
the supervision of the registered medical organization (New Drug Act of B.E., 2546,
2003).

Therefore, the research team should be aware of regulatory challenges before launch
because a project with high regulatory risk will require higher investment and a longer
startup runway. Failing to plan exposes the project to unpredicted high risks and prob-
lems, which could result in a negative cash flow or company net loss if the finished prod-
uct cannot be commercialized because of unapproved use or unpredicted additional
required clinical studies.

+ Preliminary reimbursement and payment strategy
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This step involves understanding how reimbursement and payment paths work in
the entrepreneurial journey. Understanding them early helps the team to develop a
successful revenue model strategy within a known period before market entry. This
is important for starting a new MedTech company in emerging markets because the
team can plan to spend their resource more effectively as fundraising in the early
stage is typically difficult.

+ Legal and IP awareness

Due to the complexity and competition in the healthcare industry, startups are
exposed to a high risk of legal and IP violations, which can cause financial and exis-
tential concerns. Therefore, startups should be aware of their legal and IP issues and
take them seriously. First, the startups should identify the legal issues prevalent in the
medical technology industry, such as contracts, employment, and product liabilities
(Chakraborty et al., 2021). These issues should then be registered for future monitor-
ing. At the same time, the startups should engage with the UTTO to take necessary
actions, such as invention disclosure, material transfer, and co-research arrangement.
The startups should also do a primary survey on the IP landscape of the field and
peripheral technology. The startup can then sketch their initial IP strategy focusing
on high-level direction, like whether they plan to rely on a patent or trade secret.

« Exit strategy for university research in MedTech

Startup exit, such as licensing, merger and acquisitions, initial public offering, and
joint venture, is a significant event in a business venture. The exit strategies, which
are driven by financial or non-financial basis, are associated with key factors such as
motivation, decision-making process, opportunity, founding team, and number of
employees (DeTienne et al., 2015). Understanding the exit strategies, including exit
options that are related to the characteristics of university research and MedTech
startups (e.g., high risk, level of innovation, technology life cycle, and investments),
can help entrepreneurs plan and manage their resources efficiently and increase their
chances of success.

« Initial assessment of manufacturing, operation, and quality management plan

Products used in medical and healthcare applications are required to be manufac-
tured within the certified manufacturing standard depending on regulatory classes.
Thus, understanding the requirements and constraints of prior market entry is impor-
tant to avoid loss from duplicate work due to unmet manufacturing standards. Addition-
ally, even though the certified manufacturing infrastructure is important, investing in
all required certified manufacturing infrastructure might be too expensive for an early-
stage startup. Thus, a startup should consider hiring external infrastructure services or
collaborating with other stakeholders from either the private or government sectors.
Legal considerations, such as a non-disclosure agreement to avoid leakage of confiden-
tial information or a formal contract agreement to prevent the misunderstanding of pro-
ject objectives and responsibility, should be considered before commencing the actual
activity. In addition, value chain analysis can be used to understand the collaboration
between different parties from the end-to-end of the customer journey.
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Furthermore, early assessment and planning of a quality management system (QMS)
and risk management should be considered to guarantee that every product embodies
a full commitment to safety, efficacy, and the well-being of every patient it serves. It is
important to note that the QMS is an important process. It is not a static endeavor, but it
is a continuous improvement, including regular audits, feedback loops, and the adoption
of emerging technologies to keep the process agile and effective.

Stage 1: build business case

The main objective of this stage is to identify, build, and validate the potential impactful
business case with target users by using a product prototype in a near clinical setting to
confirm a problem-solution fit in both clinical and market aspects. Even though tech-
nology is important for building unique strength and IP, the primary driver for success in
the early stage usually comes from understanding the product value proposition of the
target group. Thus, the startup should balance resources between developing superior
deep technology and validating the value proposition with target users. The key activi-
ties included in this stage are typically as follows:

+ Design concepts and prototype analysis

The technology development team plays a pivotal role in generating comprehensive
product concepts using both internal and market inputs. Successful product develop-
ment often undergoes multiple iterations of frequent modifications and refinements,
which requires close multidisciplinary collaboration among the startup’s development
team, management, physicians, or other stakeholders to ensure a problem—solution fit.

A rough and rapid prototype is designed and tested to confirm the design concepts
as quickly as possible. For example, digital health product prototypes can be developed
using no-code programming tools within a short period of time. Meanwhile, hardware-
based MedTech product prototypes can be built with a three-dimensional solid model in
computer simulation software before producing a physical prototype. This process, done
iteratively, facilitates computational analyses, including other tests such as solid mechan-
ics and fluid dynamics, to enable the investigation of design limitations and analysis of
the theoretical behavior of the product (Morrison et al., 2017). The construction of phys-
ical prototypes, including mockups and 3D printing models, to be assess in benches,
cadavers, and initial animal studies, serves to evaluate the device’s physical performance.

Moreover, IP, legal, and liability risks are continually closely assessed throughout the
process. In order to ensure a comprehensive overview of prototype development, R&D
frequently organizes design reviews, inviting all cross-functional team members to par-
ticipate. This approach facilitates holistic feedback, incorporating diverse perspectives
into the device development process (Pietzsch et al., 2009).

+ Project management plan

In this stage, an initial project management plan is developed among all key mem-
bers. It is a comprehensive roadmap that guides the project toward its goals and
generally covers many aspects including project objectives, scope, responsible per-
son, schedule, costs, quality, resources, risks, communication, procurement, and
change management. Its benefits are to provide an end-to-end framework for project
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managers to effectively execute, monitor, control, and communicate with the stake-
holders. Furthermore, stakeholder analysis can be conducted to identify individu-
als or organizations with an interest in participating in the project. The next steps
include prioritizing these stakeholders based on influence and interest, analyzing
their needs and impact, and developing strategies for engagement and management.
Project management plans and stakeholder analysis can improve communication,
mitigate risks, and enhance project success through a systematic framework and
effective stakeholder engagement.

« Early financial strategy

Regardless of the intrinsic value of its product or service, a startup’s long-term suc-
cess depends on the financial sustainability of financial resources, which can be derived
from either external capital injections, e.g., investor funding and loans, or internal rev-
enue generation. Consequently, establishing and employing appropriate financial con-
trol mechanisms is essential for ensuring the long-term success of early-stage businesses
(Barringer & Ireland, 2018).

Another important aspect of MedTech is fundraising. As a MedTech startup usually
requires longer development time due to the high complexity of business and regula-
tions, a MedTech entrepreneur should develop a fundraising strategy and engage in
funding activity as early as possible to secure enough capital for the new venture. Maxi-
mizing the chance for success requires several key considerations, such as validating the
idea, building a strong team, choosing the funding source, crafting a data-driven pitch
deck that tells a compelling story, and networking.

In addition to fundraising, understanding the valuation process is crucial for MedTech
startups, as it helps both investors and founders navigate the challenges of early-stage
investments. The process of valuing a start-up is crucial for both investors and founders
(Cumming & Dai, 2011; Engel & Keilbach, 2007; Gompers et al., 2010; Hochberg et al.,
2010; Hsu, 2004). It is a big challenge in the early stage due to the absence of historical
data and the uncertainties surrounding various factors that may impact its growth and
development (Peemoller et al., 2001). Davey et al. (2011) proposed a qualitative model
with various factors that can effectively assess the initial valuation proposition for Med-
Tech companies. Yet, quantitative approaches are often favored, especially by investors,
for clearer and more transparent comparisons among different investment options. Two
methods are commonly used to calculate the valuation: the VC method and the Dis-
counted Cash Flow (DCF) method (Block, 2007; Chaplinsky & Reed, 2021; Moro-Vis-
conti, 2021). Details of these methods are elaborated in the Supplementary Materials.

Festel et al. (2013) modified the DCF method by adjusting the beta coefficient based on
the risks for early-stage high-tech startups. This work proposed an adjustment to Festel
et al. (2013)’s guidelines to suit early-stage MedTech startups, as shown in Table 10. We
propose using the beta coefficients by multiplying them with the values obtained from
the post-money valuation obtained via any of the methods outlined above. This approach
integrates the adjusted beta coefficient with the post-money valuation obtained from the
VC method and the DCF method, providing a more tailored and accurate valuation for
early-stage MedTech startups.

+ Initial regulatory planning and strategy



Page 25 of 43

(2024) 13:71

Kruachottikul et al. Journal of Innovation and Entrepreneurship

3|qIsea) 3q 01 A|y1| K19
ueld Juswdojanap ssauisng

o|qises} oq
03 Aj2y1| A19A ueld Bunayiepy

3|q1Isea) 3g 01 A|y1| A1
ue|d uawdojeAap [eDIuyd3|

uanold
Ajpuanbauy ueid ssauisng

Uo1RAWOd MO| Wa)-buoT
Aujiqeleds ybiy A1sp

SIE] )
SnoJaUNU AQ PaWILUOD
uojysodoud buyjas snbiun

S1UBID SNoJAWINU Ag

3|qiseay aq| 01 Aoyl
ue|d Juawdojanap ssauisng

o|qisesy
90 01 A2yl uejd Bunayiep

3|g1seay aq 03 AjI| ueld
JUsWAdOolRASP [eDIUYDD]

usrosd
Ajleuoiseddo ue(d ssauisng

uonnadwod Mo

e[ess ybiH

SIUID 354y AQ paULIyuod
uojysodoud buy||as snbrun

SJUBID 1SIY AQ

a|qeynsn(
ue|d Juawdoanap ssaulsng

9|qeynsn( ueid bunasiepy

3|qeynsn(
ue|d uawdojaAap [eDIUYD3|

a|gisne|d ue|d ssauisng

UOoIH112d WO 21.ISPOIA
A)|IGe[EDS 91RISPOIN

9|qeynuapl AlJea|d
uopisodoud Bujes anbiun

a|qeynuap!

Asn( o3 3ndyyip

ueld Juswdojansp ssauisng
Ansn(

01 }ndWip uejd bunaylepy
Aynsnl 01 3noyjip uerd
Juswdoansp [ea1uyda|
suonsanb

uado yum uejd ssauisng
uon

-nadwod buons Ajjenuaiod

9|geynsnfun
ue|d uawdojaAap ssaulsng

9|qeynsniun ueid bunsye

3|geynsnfun
uejd uswdoleAap [ed1uyda|

9|geynsnfun ueid ssauisng

uon
-nadwod buons Apuaind

AJ|ige|eds mo| AIap

9|geyuspl 1ou
uonsodoid Buijias snbiun

alqeyn

ue|d JuawdoaAap ssaulsng
ue|d Bunsyepy

ueld

Juswdofanap [ea1uyda)
ue|d ssauisng

uonpadwod

Aujgeless

uonisodoud Buyes snbiun

uoneluswa|dwi

PaWILUOD S1YaUaQ 19NPOId  PaULILJUOD S1Yauad 1oNpoid Ale3|D S1Yauaq 1oNpoId  AlIBS|D 10U S1YaUq 1oNPOId  -UIPI JOU S1Yauaq 1oNpold S1yauaq 1dNpold $19Npold
payels
pa19(d pazijeuy AHa d|geynsnl  2dYjQ Jajsued] Abojouysa]  2dYjQ J3jsuel] Abojouydal
-Wwod J3ysuel Abojouyda| -1e41S J9jsuely Abojouyda]  ABa1ells Jojsuesy ABojouydal QU1 YuM Juswiabebu] 91 Y1M Juswiabebus oN 19js5uely Abojouyda|
uoneindas poob A1sp uopneindal poon uopendal 1eI9Po uoneindas 10od uopneindal oN 1513U3IDS Jo uopeInday
9|geynusp! sebeiuespe 9|qeynuspl sabey 3|geynuUap! EllelTHIETel] sa1bojouydal aAnnadwod
Ayjenb pue s3502 JueDYIUBIS -ueApe Alljenb pue 51500 sabejueape Aljjenb 1o s150) AJ1e3)2 10U SabelueApy paynusp! sabeiueape oN 01 paledwlod sabejuerpy
uoned|jdde |esjuyday 1ue|d owap wueidaond 9|eds Alojeloge) abe1s |eyuswiiadxa
Ul [nJ$sa2ons ABojouyda| Ul [nJssadons ABojouydal Ul [Ny$$920NS ABOJOUYDI| B UO [NyS$923NS ABOjoUYdd| [eniul Ul s Abojouyda Abojouyday jo Aiuniepy Abojouyda|
l— S0— 0 S0+ L+
1USIDLYS0) B3] 3Y3 JO Judwisn(py Kiobaredqgng Kiobere)

((£107) '|e 32 |21524 WOl payipow) sdniieis yda| papy 26.1s-AJea 10J 1USIDYIR0D BI2] Jiseq 3yl 1SN[Pe 01 W3S JUSWISSISSe PaYIPoN 0L 3jqeL



Page 26 of 43

(2024) 13:71

Kruachottikul et al. Journal of Innovation and Entrepreneurship

panuUod pue
pa1epI|eA 1. SAIPNIS [edIulD

pazijeuy

SI AB91e11S JUBWIRSINQUIIDY
paurelqo

enoidde Aioreinbay

sdl
pa1uelb Jo o1j0f310d SAISUIXT

P3IN235 dJe S1edk
1X3U 10§ S22IN0S31 [BIDURUIH

Aujge
-1youd yby Ajjeauswepuny

SAI1BAISUOD AJSA Ueld S1S0D)
9AIIBAISSUOD AIdA ueld sajes

JU3IDLYS A|jeuonndadxa ss32014

SIUBYNSUOD
/pIeoq AIOSIAPE JO $90US)
-9dwod JO [9A3)] ybiy AISA

sabejuenpe Auew
Sey uol1ed0| siapenbpeay

1ua12dwWod AJoA pue 239|d
-WO0D S| Wea) Juswabeuey

pa1epI|eA 318 SAIPNIS [ed1UlD

pauyal pue paiepl|eA
SI AB31e11S JUBWIRSINQUIIDY

paniwagns
SI uoissiugns A1oreinbay

pa1uelb 4| diseg

PaINJ3s ale s1eak ¢
1X3U 10§ S32IN0S3 [RIDURUIH

Aujigeigoid ybiy Apuaiund
9AIPAISSUOD Ue|d 5150
dA11BAISSUOD Ueld S3JeS

U3 AI9A 5590014

syue

-}|NsSU0d /pieoq AIOSIApE JO
$95uU12dWOD JO |99 YOIH
sabejuenpe

Sey uopedo| siaxenbpesy
1ua12dwod pue 919(d
-WOD S| weal Juswabeuey

pa1oNpuod
Buiaq ae salpnis [ed1uld

siap|oy
-9XE1S A3 UY3IM Pa1epl|eA S|
AB91e11S JUBWIRSINQUUIDY

padojansp
s1 Abayesis A1oyenbai jeniu|

paiueib
Bulag 01 350)D d| dIseg

P3IN235 dJe S1edk ¢
1X3U 10§ S22INOS3! [RIDURUIH

Aujigeiyoid sbesany
a|geynsn( ued s150D
9|geynsn( ueid sajes

JUsIdl)a SS920.d

S1URYNSUOD
/pIeoq AIOSIAPE JO $90US)
-9dwoD JO |[9A3)| 91RISPON

auy
S UOILDO| SI2HeNbpesH

919|dwod
S| wieal Juswabeue|y

pauue|d aJe sa1pnis [ed1ulD

passasse
SI AB91e11S JUSWIRSINQUUIIDY

paJojdxa
S| Aba1enys A1ore|nbay

pajy uoiedijdde dj1siiy

P3IN235 dJe Jeak
1X3U 10§ S22IN0S3I [BIDURUIH

Aujigeyoid moj Jo xisty
Ayisn( o1 3noyyip ueld s1s0D
Ayisnf o1 ynowyip ueid sajes

1U31DYJ3 AI9A 10U $53301d
siue

-NSUOD /p1eoq AIOSIApe JO
S95U12dWOD JO [9A] MO

panroidul 3q
ued uoiedo| sialienbpeay

SMEJJ SWOS
UM Wea) Juswabeuely

pauue|d
2Je S9IPNIS [BDIUID ON

AB31e11S 1UBWIRSINQUIIDI ON
AbBa1ens K1ore|nbas oN

uonedidde 4| oN
PaJN23s 10U aJe Jeak
1X9U 10§ S92IN0S3I [eIdDURUIH

Aupge
-1yoid Moy Aj|eausuepuny

a|geynsniun ueid s150)
9|qeynsnfun ueid sajes

JUsIdYJaul SS9201d

SIURYNSUOD
/pleoq AIosIApe JO s30US)
-9dwoD JO [9A3] MO| AISA
BI=VIETeTe)e]

uopedo| siayenbpesy

sme|} Jofew
UM Wes) Juswabeuely

Apnis [esiulD

AB31e11s JUsWaSINgUIIRY
Kioye|nbay

uonoayold g

ue|d Apinbn
Ajigeyold

ued s350D)

ueld sajes

\Auco_u,utm $S29201d

pieOq
KIOSIAPE JO S9oua3dWo)

uoneso| sianenbpesp

uleay Juawabe
-Uew ay3 Jo saoua1adwod

duel|dwod

saduUeUl

uonezjueblQ

1—

§0—

0

S0+

L+

JUSIDLYI05 B3] 3Y) JO JudWISN(pY

Kiobayedqng

Kiobaye>

(PenunuUod) oL 3|qeL



Kruachottikul et al. Journal of Innovation and Entrepreneurship (2024) 13:71 Page 27 of 43

Regulations in MedTech are crucial for safeguarding patients and guaranteeing
the effectiveness and safety of the product. Driven by new technologies, demand, and
innovation to improve healthcare, these advancements could cause significant risks to
patients if there is no proper regulation. The goal of this process is to study and under-
stand the required regulations for MedTech in the target market, such as the European
CE mark, US FDA, etc.

Regulatory activities include submitting design and test data for review and regulatory
approval. The FDA submission is a major milestone in the MedTech product develop-
ment process. Preparing for a submission requires a strong collaboration among several
cross-functional areas, such as clinical, R&D, quality, and regulatory. Moreover, it is rec-
ommended that startups should consult and work closely with the local regulatory body,
which is responsible for regulating the product to fully understand the work process and
to significantly reduce the time and cost caused by duplicate work. The regulatory team
generally includes two functions: regulatory affairs, which handles submissions and
market clearance, and regulatory compliance, which administers the quality system. If a
product requires clinical trials for regulatory submission, the regulatory team submits an
investigational device exemption (IDE) to allow the product to be used in a clinical study.
The regulatory team will also oversee the clinical trials, analyze results, and submit data
required for regulatory submission. Clinical trials are of utmost importance for a suc-
cessful commercialization of medical devices and thus need to be carefully planned and
conducted. Therefore, understanding the regulatory pathway according to each product
innovation development stage, from idea to market launch, is vital for MedTech startups
to accelerate time to market and reduce cost and duplicate work. Table 11 shows the
regulatory pathway activities and certificates in Thailand (FDA).

+ Legal and IP foundation for commercialization

The research team should be familiar with and engage with the UTTO regarding busi-
ness development and policies and regulations required for the translation of university
research toward commercialization, such as the Bayh—Dole Act, University IP licensing/
tech transfer. At this stage, the groundwork for IP protection, such as confidentiality pol-
icy, patent search, and patentability analysis, should also be initiated. Then, the startups
can start drafting IP acquisition and utilization strategies suitable for their business and
revenue model. At the same time, if applicable, the startups will need to handle legal
matters regarding incorporation of the company and employment.

+ Initial study on manufacturing and operation plan

At this stage, a design for manufacturing (DFM) and design for operation capability
should be initiated in parallel with technical and business development to support the
product development process to prepare for full-scale production. It includes the pro-
cess of identifying and addressing any issue that might happen to avoid project delay and
loss. For example, a medical device product might have to address how fixture and tool-
ing might be developed, while a digital health product might have to address software
infrastructure architecture and integration, etc.
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Table 11 The regulatory pathway activities and certificates in Thailand (FDA)

Product Development stage Regulatory pathway Regulatory activities and
certificates

Stage 0: Innovation ideation and Concept, definition, and feasibility ~ Regulatory review, including product
Stage 1: Build business case study definition, risk classification, etc
Stage 2: Design and development/  Design and development Design process, from design input
early validation and Stage 3: Test (e.g., market requirement) to design
and validation output (e.g,, specification and
prototype)
Design verification Inspection (e.g., dimension, visual

inspection), testing (e.g., pre-clinical
testing and animal testing), analysis
(e.g., software validation, sterilization
validation)

Note: The regulator requires approv-
ing prior for testing, analysis, and
inspection. The standard certificate,
such as ISO certificate, will be issued
after verification approval

Design validation Clinical evaluation from clinical data,
clinical investigation, and clinical
performance
Note: it is required to get approval
from the ethical committee and
regulator prior to this step

Design transfer Design transfer (e.g., production
specification and trial run & process
validation) to design production,
according to QMS standard, such as
1SO13485 for Medical Device

Stage 4: Launch Registration approval Establish a registration with the
regulator and prepare technical
documents for submission

Stage 5: Post launch review Post-market surveillance and Post-market surveillance and compli-
compliance ance to ensure product safety and
effectiveness

Usually, an incremental product innovation can focus on manufacturing work at this
early development stage, while a breakthrough product innovation might need more
time on R&D and prototyping, which can suggest design adjustments to suit commercial
level manufacturing in the later stage. Furthermore, key suppliers and strategy partners
are identified and invited to collaborate on the project. Additionally, to improve prod-
uct—market fit and faster time to market, rapid prototypes, such as computer simulation,
lab prototype, 3D printed material, etc., are developed and used for initial market and
technical validation to get real-world feedback from users and stakeholders.

o Quality

In this stage, initial quality assurance assessments for components manufactured
internally and purchased from an external supplier are considered. It includes risk man-
agement, which identifies and mitigates potential hazards throughout the development
cycle, design control, which ensures designs meet all functional and safety requirements,
document control, which maintains records of every step and decision, non-conform-
ance management, which addresses any deviations from established standards with cor-
rective and preventive actions, and certificate of analysis (COA), which gives assurances
for the analyzed goods in term of feature and specification.
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Stage 2: design and development/early validation

This stage aims to achieve the product—market fit using a workable product prototype
that is tested and accepted by the target users in the near clinical or final environment,
meanwhile refining a plan and strategy for business strategy, clinical, regulatory, and
manufacturing. Several key activities include developing a product design, validating a
workable product prototype with key stakeholders to obtain early feedback, developing
detailed design plans for manufacturing and operation, and preparing the verification
and validation (V&V) testing.

Regarding the business model, value proposition validation activities are continued to
complete all aspects of the nine-block business model canvas (Osterwalder et al., 2005)
strategies, namely, value proposition, customer relationship, channels, customer seg-
ments, key partners, key activities, key resources, revenue streams, and cost structure.
Additionally, other business strategy tools, such as value chain analysis (Porter, 2001)
and balanced scorecard (Kaplan & Norton, 1992), can be applied according to the char-
acteristics of the startup business to make the business operation more efficient before
the market launch. Moreover, in the case of contract manufacturing, it is advisable to
initiate collaboration with suppliers and strategic partners to ensure that production
capabilities and quality align with the design and expectations. Then, the business model
is refined to be closer to the final commercial version.

+ Manufacturing and operation plan

This process is to prepare for translating design to production, which emphasizes risk
management. Additionally, collaborating and managing expectations among suppliers
and strategic partners are recommended to ensure that their capabilities and commit-
ments remain aligned.

Next, the Design Failure Mode and Effects Analysis (DFMEA) is conducted to achieve
the latest design while initiating the Process Failure Mode and Effects Analysis (PFMEA)
to identify potential vulnerabilities and establish mitigation strategies from design to
safe and effective manufacturing. A detailed producibility analysis, such as planning,
procurement, testing, and training, examines deeper by analyzing every step’s feasibil-
ity, from resource allocation and procurement to precise testing and training. Then, the
manufacturing and operations strategy is reviewed, updated, and finalized by incorpo-
rating insights from the market.

After this stage, process excellence and productivity tools, such as lean manufacturing,
Six Sigma (Schroeder et al., 2008) for hardware products, and agile methodologies for
software products, can be introduced into the operation process to increase efficiency,
quality, and collaboration and further highlight the commitment to quality and continu-
ous improvement. Then, by integrating risk management, design control, and process
validation, the MedTech product development team can prioritize quality throughout
the product lifecycle for a successful market launch.

« Verification and validation

V&YV testing is performed to ensure that the design and manufacturing meet the
required product’s safety, quality, and effectiveness. The design verification process,
which consists of testing and inspection activities, is to confirm that the design of the
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product meets quality, efficacy, and safety needs. Key example tests are performance and
safety, biocompatibility, devices containing biological material, software V&YV, sterili-
zation validation, stability and shelf-life, packaging validation, and transportation test.
Meanwhile, the design validation testing assesses final product prototypes before the
design freeze and ensures that the new product meets user needs and requirements in
terms of quality, efficacy, and safety. It typically involves simulated use tests, which may
require the use of anatomy models or cadavers, and requires studies of user interfaces
and human factors.

As regulatory compliance is very important in MedTech, a startup should study and
understand the required standards for the target market, such as the International Elec-
trotechnical Commission (IEC), the Clinical and Laboratory Standards Institute (CLSI),
the International Organization for Standardization (ISO), etc. By understanding this
thoroughly, a V&V test matrix is planned and mapped across the product development
life cycle using multiple inputs from diverse functional teams in the organization, such
as technical development, test and quality, and business development with real market
and clinical feedback. These tests are important for design adjustments and fundamen-
tals formulation before moving to the third stage—the final test and validation. Addi-
tionally, documenting every V&YV study and its methodology is necessary for regulatory
compliance to prove the product’s reproducibility in terms of quality and performance.

Furthermore, in the case of manufacturing medical devices, certificate of manufactur-
ing, or GMP, is also required by the FDA quality system regulation to ensure its qual-
ity management in various aspects, including design and development, manufacturing,
and distribution. In the case of technology transfer and licensing, the licensee manufac-
turer must comply with the GMP standard too. Furthermore, the GMP activities include
Installation Qualification (IQ) to confirm that the equipment is installed according to
precise specifications, Operational Qualification (OQ) to analyze the equipment’s opera-
tional performance under expected conditions, Performance Qualification (PQ) to ana-
lyze the product beyond normal use to guarantee consistent and reliable performance
even under extreme circumstances, and Product Performance Qualification (PPQ) to
make sure that the finished product meets all predetermined performance and safety
criteria.

+ Product design, development, and planning

As translating a MedTech product idea into reality demands detailed planning and
execution, the journey typically begins with product design, carefully defined and
examined by management. Next, accurate testing highlights both design verification,
internal functionality, validation, real-world efficacy, performance guarantee, and
user satisfaction. Every decision and change along the way is carefully documented
in the Design History File (DHF), ensuring traceability and compliance. A robust pro-
ject timeline keeps development on track while proactively identifying and mitigating
potential issues through Failure Mode and Effects Analysis (FMEA). Once the design
reaches its ideal form, a design freeze is proposed and approved, halting further alter-
ations unless carefully re-validated. Finally, the Device Master Record (DMR) devel-
ops the approved manufacturing instructions, and the Device History Record (DHR)
preserves the product evolution, serving as a valuable tool for future iterations and
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regulatory oversight. This process of development ensures that a MedTech innovation
emerges safe, effective, and ready to improve lives.

« Reimbursement

Ministry of Public Health, through its Health Intervention and Technology Assess-
ment Program (HITAP), in collaboration with the International Health Policy Pro-
gram (IHPP), conducts a comprehensive Health Technology Assessment (HTA) for a
specific healthcare intervention or technology. This HTA goes beyond assessing clini-
cal effectiveness and reaches broader implications, including social, ethical, and most
importantly, economic aspects. The focus on economic evaluation and budget impact
ensures a thorough understanding of the potential costs associated with adopting
the technology, both directly, such as purchasing costs, training, etc., and indirectly,
such as resource allocation, system changes, etc. This information will be crucial for
policymakers in determining whether and how to integrate this technology into the
healthcare system, ensuring responsible resource allocation and sustainable health-

care improvement.
+ Legaland IP

At this stage, the startups continue to manage legal issues that arise. Particularly,
as the startups finalize their product development, patentability analysis and patent
drafting should be finalized. Then, if possible, a patent application should be filed at
appropriate venues. Alternatively, if the startups decide to utilize trade secrets, they
should have a concrete confidentiality policy ready to be implemented. The legal and
IP readiness at this stage will make sure that the startup can test and validate its tech-
nology with peace of mind during the following stage.

+ Regulatory

As the FDA submission is the major checkpoint in the regulatory pathway, this
requires a strong collaborative effort among diverse parties throughout the product
development journey. The regulatory affairs team is responsible for preparing regula-
tory submissions and navigating its path to market clearance, while the regulatory
compliance team ensures the quality system meets the regulatory requirements.
Together, they guarantee that the product not only meets domestic regulations, but
also complies with international standards for future market expansion. The result
from the clinical study demonstrates clinical performance to ensure alignment with
regulatory requirements.

« Clinical

The success of any MedTech relies on a careful and well-managed clinical trial pro-
gram, the result of which can be used to support both regulatory and marketing. This
process begins with the ongoing review and refinement of the clinical validation plan
and studies to ensure that it aligns with the data and regulatory requirements. Next,
an IDE is thoroughly proposed and submitted for approval by the FDA, granting per-
mission to initiate clinical trials. Moreover, pilot studies for first-in-human testing are
carefully planned and conducted to ensure best practices and ethical standards. These
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initial trials with a small group of participants gather initial safety and feasibility data,
preparing for larger pivotal studies. These pivotal studies are important to assess the
product’s safety and efficacy of the product and its clinical performance in real-world
settings. Furthermore, thorough biocompatibility testing is planned and executed
alongside clinical trials to evaluate the product’s compatibility with human tissue and
the potential for harmful reactions. Finally, securing Institutional Review Board (IRB)
approval is an essential before launching any clinical trial activities, ensuring ethical
considerations and participant safety are prioritized throughout the research process.

Stage 3: final test and validation (pre-regulatory approval)

This stage continues to refine the business plan and revenue model by incorporating
customer reaction and purchase intent to finalize the business strategy. Meanwhile, the
research team completes regulatory submissions and secures legal and IP protection and
management to prepare a MedTech startup for an early market introduction. In the case
of a research project that uses a university IP, the project team should decide on suit-
able exploitation methods and complete the tech transfer process. Additionally, the team
should continue participating in fundraising activities, attending incubator programs,
and exploring partnerships.

« Clinical trial and adoption

Clinical trial activities in this stage are meant to prepare the data for successful regu-
latory submissions. Usually, after the results from pilot studies are validated and con-
firmed successfully with the regulatory requirements and key opinion leaders, further
clinical studies engaging more clinical trials or human studies are conducted as required
by regulators to confirm the clinical efficacy and safety and complete the regulatory sub-
missions. The clinical trial results and key findings are usually published in medical con-
ferences or journals, which can be used by the marketing team for strategic business
development and marketing communication to ensure successful market acceptance

and launch.
« Final reimbursement strategy

Securing reimbursement is crucial for both market adoption and revenue generation
in the medical field. Ideally, it should be addressed early in the development process.
However, navigating reimbursement intricacies can be complex. A MedTech startup
needs to assess carefully whether a reimbursement model is essential; otherwise devel-
oping alternative revenue strategies is required. For products aiming for future reim-
bursement but not currently listed, seeking guidance from NHSO or policymakers early
on can accelerate the process. By proactively addressing reimbursement and revenue
models, MedTech startups can ensure their market penetration and financial success.

+ Legaland IP

At this stage, startups should be familiar with legal issues related to their business and
industry and should finalize a plan to take care of the issues. With data from the test and
validation process, the startups can start evaluating the value of their IPs and technology
and creating a strategy to maximize the value of such IPs and technology.



Kruachottikul et al. Journal of Innovation and Entrepreneurship (2024) 13:71 Page 33 of 43

+ Regulatory submissions and approval

The regulatory approval and clearance are required to be secured in this stage. These
involve the strict development and implementation of a working quality system, detailed
technical data, clinical trial results, and risk assessments required for compliance
with the particular products, such as 510(k)s for low-risk medical devices, premarket
approval (PMA) for high-risk medical devices, or device software functions and mobile
medical apps (MMAs). Regulatory bodies like the FDA usually review and approve only
if they are convinced of the device’s risk—benefit.

« Final plan for manufacturing and operation and quality management to support early

commercial activities

As product—market fit happens, product design and specification shall be finalized
and frozen to further develop the manufacturing and operation blueprint and standard
operating procedure (SOP), including required human resources or tools, to be ready
for commercial launch. Furthermore, in the case of products consisting of hardware
components, the blueprint should comply with Geometric Dimensioning and Toler-
ancing (GD&T) standards to communicate engineering drawings and computer-gener-
ated 3D models among designers and production members. Moreover, the rest of the
components in product design, such as specification, product design, software graphi-
cal user interface (GUI), and packaging design, are reviewed and finalized within this
stage. The final V&V and risk management are further reviewed and updated to con-
firm the required product’s safety, quality, and effectiveness according to the regulatory
requirements. Also, the process excellence and productivity are reviewed and updated to
increase its operation efficacy. Additionally, even though documents are finalized within
this stage, it is recommended that the team should review and revise those documents
throughout the product lifecycle after launch.

+ DPreparation for sales and market introduction

Sales, marketing, and business development activities for an initial market introduc-
tion, e.g., sales materials, website, exhibition, sales visits, etc., are done within this stage.
The sales channel strategy, either business-to-business (B2B) or business-to-consumer
(B2C), is developed. In the case of B2B, such as hospitals or drugstores, understanding
the vendor requirements is important as it may vary from customer to customer, like
vendor registration process, decision-making process, trial units, and payment term.
Furthermore, a working SOP shall be developed and prepared for the later stage of sales
expansion. To prevent unauthorized or unintended use of the product, startups should
consult with a legal expert to develop terms and conditions, such as sales agreements
or product usage guidelines. Also, in case user information is collected for product
improvement, it is recommended to finalize the Personal Data Protection Act (PDPA)
at this stage. The main aim is to secure early customers, especially key target custom-
ers, for the first sale and subsequent repeat orders. Clinical results, which are published
through medical journals or conferences, are normally used to endorse sales and mar-
keting activities for better chance of medical adoption and professional brand image
reputation. Educational marketing activities, such as training, workshops, demonstra-
tion programs, and consultations for internal salesforce or early key account customers,
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are usually introduced in this stage. The benefit is to create brand awareness since the
knowledge of the brand and its role, both rational and emotional, are more important
to customers’ attitudes and purchase intent for high-involvement products, which are
purchased by customers only after careful decision-making, than low-involvement ones
(Akbari, 2015; Radder & Huang, 2008). Furthermore, as a startup usually comprises few
members, all internal cross-function teams are recommended to support each other in
terms of sales and technical support or inventory preparation to ensure successful initial
market adoption and fulfill sales forecasts.

Stage 4: launch (regulatory approval)

Launching a product after receiving regulatory approval is a critical stage in its life cycle.
For high-involvement products marketed through professional medical channels, start-
ups often focus on key early adopters who receive pre-launch training or demonstrations
of new products. A targeted customer education program is provided to key customers
and physicians, involving sales representatives attending surgical cases and conducting
physician training, alongside ongoing sales efforts. Sales representatives also focus on
securing procurement contracts and fostering sales activity with key influential custom-
ers to establish reference cases. In the case of complex products like medical devices,
a technical support team is essential to educate both internal sales forces and custom-
ers. Moreover, a dedicated maintenance and service team is established, responsible for
installation and after-sales service, ensuring complete customer satisfaction and product
reliability. Additionally, for products sold over-the-counter or via online channels, start-
ups can collaborate with clinicians to recommend the products, which can later create
consumer awareness and increase user adoption. User feedback from the market, espe-
cially around customer satisfaction, purchase intent, and actual use, is closely monitored
and carefully analyzed in order to refine the business and revenue model.

Once the product or service is launched, the startup can continue evaluating or reval-
uating its IP valuation from after-launch data. At the same time, the startup should see
and manage IPs as a portfolio. The management may include in- and out-licensing and
royalty payments.

Clinical trials are sometimes continued with selected physicians or clinics. This is done
to gain support for marketing, secure reimbursement, and expand regulatory clearance
into other territories or for additional indications as required by regulators. Further-
more, a startup is still required to conduct market surveillance and compliance with the
regulation in order to provide statistical data of clinical evidence that can demonstrate
the product’s effectiveness and safety, meeting application requirements as claimed.

Moreover, preparations for scaling up involve enhancing the organization’s human
resources, skills, and knowledge base. The sales and marketing launch plan, specifically
designed for early adopters and key influential customers, is implemented, and feedback
from this early stage is closely monitored and reviewed for insights. Based on market
feedback and opportunities, the business plan, revenue model, and product development
strategies are continuously refined. Additionally, lessons learned and recommendations
from the project should be carefully documented and reviewed by the responsible team
and management.
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Stage 5: scale up/post-launch review

After the initial launch of the product is successful, a startup aims to accelerate mar-
ket penetration with full effort. This is achieved through implementing sales and busi-
ness development, continuous monitoring of customer reactions, and gauging purchase
intent. These insights directly inform the refinement of the business plan, revenue
model, and product development, leading to the proposal of newer and improved ver-
sions of commercial products based on market feedback. In business development, the
focus is on continuing and expanding customer education programs. These programs
are designed to cover a broader customer base as outlined in the business plan, ensur-
ing customers are well-informed and can fully appreciate the value of the products and
services offered. Moreover, the revenue model and reimbursement strategies are regu-
larly reviewed and updated to stay aligned with the market dynamics. Also, as the busi-
ness grows, the startups should continue to monitor legal and IP issues, especially IP
infringements. They will also have to continue managing in- and out-licensing and roy-
alty payments for the whole life cycle of the IPs.

Moreover, the technology development team works on product improvements and
manufacturing methods using real market feedback to stay competitive and meet cus-
tomer needs. Startups should try to develop a strategy to collect feedback so that when
complaints are reported, actions can be analyzed, and solutions can be tailored to the
issue, such as label change for unindicated failures, customer-specific modification for
unique clinical needs, or even comprehensive redesign if significant flaws emerge or the
regulator mandates a recall.

In clinical operations, post-market clinical validation and surveillance methods are
consistently applied to confirm efficacy and safety. The regulatory strategy is elabo-
rated due to business development that aims for growth through expanded indications,
exploring alternative applications, creating portfolio solutions, and scaling operations to
regional and international markets.

Next, manufacturing and operations generally focus on process improvements and
updating design control documents as necessary, which is due to any new design trans-
fer and further modifications, to enhance efficiency and product quality.

Lastly, all functional activities are usually interlinked and support each other; there-
fore, management and key functional teams should discuss and support each other to
drive toward the goal of delivering superior solutions while ensuring compliance, qual-
ity, sustainability, and profitability in a dynamic market environment.

Discussion
This study has advanced our understanding of the MedTech product innovation devel-
opment process from academic research within emerging markets by providing a refined
framework tailored to the unique challenges and opportunities these contexts present.
The iterative development, improvement, and validation of the MediGate framework
underscore its potential to significantly influence the MedTech landscape, echoing the
findings of Platts (1993) on the effectiveness of process-oriented approaches in fostering
innovation.

Our findings resonate with existing research, such as that by Chaturvedi and Srini-
vas (2021) and Menshenin et al. (2023), highlighting the critical role of a structured
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development process in enhancing the success rates of MedTech innovations. The case
studies and expert interviews conducted as part of this research not only validate the
framework, but also offer insights into its practical application across various stages
of product development, which is crucial for meeting both clinical and commercial
milestones.

The MediGate framework is grounded in theoretical foundations, contributing to
three key literatures. The first is the literature on the stage-gate model. As a simple yet
powerful framework, the stage-gate model has been researched and further developed
to fit various specific contexts. On the one hand, existing studies such as Pietzsch et al.
(2009) and Thakur et al. (2012) provide insights into the healthcare industry; however,
their limitations lie in the context of developed countries. On the other hand, there is
an increasing trend to research the stage-gate model in the underrepresented context of
emerging markets, but the model is generic and not specific to the healthcare industry
(Kruachottikul et al., 2023). Thus, the introduction of the MediGate framework bridges
the knowledge gap between these two research streams by integrating healthcare-spe-
cific insights into the existing Augmented Stage-Gate framework for deep-tech inno-
vation in emerging markets (Kruachottikul et al., 2023). While the number of stages
remains similar at six, including 1) innovation ideation, 2) build business case, 3) devel-
opment, 4) test and validation, 5) launch, and 6) scale-up, guidelines specific to Med-
Tech have been added: regulatory, clinical, manufacturing and operations, and quality
management. The MediGate framework also emphasizes a process-oriented, iterative
approach to product development that is sensitive to the regulatory, cultural, and eco-
nomic landscapes of these markets.

The second is the literature on innovation diffusion. This study reinforces the notion
from innovation diffusion theory that successful technology transfer and commercializa-
tion require adaptations to local contexts, aligning with Rogers (2003)’s principles on the
importance of socio-cultural factors in the diffusion process. Especially in the health-
care industry, clinicians’ innovations often face diffusion challenges as user-innovators
frequently show disinterest in conventional market-based diffusion strategies (Svensson
& Hartmann, 2018). Besides, patient-led innovation, while embraced by patients, often
challenges healthcare professionals and policymakers. In response, the MediGate frame-
work was designed to prioritize patients in the innovation process during each critical
decision-making stage, while providing relevant stakeholders with detailed activities to
collaborate towards successful innovation diffusion.

The third is the literature on product readiness assessment. As suggested by Soenksen
and Yazdi (2017), the stage-gate process can be modified to incorporate an investment
decision-making system for identifying, managing, and modifying healthcare-related
projects. The assessments of technology readiness level (TRL) (Mankins, 2009) and
investment readiness level (IRL) (Blank, 2014) have already been integrated into the
stage-gate framework proposed by previous research (Kruachottikul et al., 2023). In
the MediGate framework, we propose the Clinical Readiness Level (CRL) as another
assessment tool for evaluating and communicating with stakeholders, as well as incor-
porating startup valuation methods to benefit fundraising strategy and communication
with investors. Building on the previous literature by Mejtoft et al. (2022), we modi-
fied the CRL to reflect the complexities involved in product development, regulatory
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compliance, and market acceptance (Table 2). This is reflected in the more detailed sepa-
ration of Clinical trial product validation into three stages of CRL 5 to 7 and the addition
of CRLY, defined as post-market clinical validation and surveillance.

However, this study is not without limitations. First, the sample size, although diverse,
is relatively small and limited to a specific geographic region, which may affect the gen-
eralizability of the findings. Future studies could benefit from a broader geographic
scope and a larger number of participants to enhance the robustness and applicability of
the proposed framework. Second, the presentations and training materials in MedVen-
tures were conducted both in English and Thai; however, many of the local startups pre-
ferred to use Thai, so the Thai-speaking mentors and judges who have strong knowledge
and experience in the medical device innovation and investment space were extremely
limited. Future recommendations would be to fully conduct the event in English so
potential internationally qualified experts can participate. Additionally, the demographic
scope of the startup cases is limited. Future research could focus on engaging overseas
startups that aim to commercialize in emerging markets and local startups looking to
expand into other countries. Lastly, while the MediGate framework was designed to
cover MedTech innovation development as comprehensively as possible, tailoring the
framework to fit the specific needs and capacities of individual organizations or sectors
within MedTech may be necessary.

A critical observation during this study was the caution against a "tech push" approach,
where technology development precedes understanding of market and clinical demand.
This misalignment can lead to innovations that, despite their technological sophistica-
tion, fail to meet actual market needs or integrate smoothly into existing healthcare sys-
tems. The MediGate framework emphasized the importance of this issue by including
market and clinical assessment and product—market fit in the early stages of develop-
ment. By addressing the specific needs and challenges of academic origin and emerging
markets, the MediGate framework promises not only to enhance the success rates of
MedTech innovations, but also to facilitate their integration into the healthcare systems
of emerging economies.

MedTech innovation plays a crucial role in enhancing healthcare outcomes and driv-
ing economic growth. Through the development of products and solutions that address
pressing clinical needs, the MediGate framework supports the advancement of health-
care quality and accessibility, which also contributes to Sustainable Development Goal
(SDG) 3. Additionally, the commercialization of MedTech products promotes industrial
growth, job creation, and technological advancement, leading to broader economic and
social benefits (SDG 9). This aligns with the notion of sustainable development, as it
ensures long-term economic, social, and environmental benefits by promoting an inter-
disciplinary approach that integrates knowledge, technology, and industry practices to
address complex healthcare challenges (Manioudis & Meramveliotakis, 2022; Meramve-
liotakis & Manioudis, 2021; Tung & Kaur, 2020).

Conclusion

The process of developing MedTech product innovation from research, particularly
within emerging markets, presents unique challenges and opportunities that necessitate
a tailored approach. This research has significantly contributed to the theoretical and
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practical understanding of this process through the development and refinement of the
MediGate framework.

Theoretical implications

Theoretically, this study extends the existing Augmented Stage-Gate framework for
DeepTech innovation (Kruachottikul et al., 2023) by integrating insights specific to Med-
Tech and emerging markets, which the latter has often been underrepresented in aca-
demic research. While the stages remain similar (six stages: Innovation Ideation, Build
Business Case, Development, Test and Validation, Launch, and Scale-up), guidelines in
aspects specific to MedTech have been added: regulatory, clinical, manufacturing and
operations, and quality management. This research underscores the importance of a
process-oriented, iterative approach to product development that is sensitive to the reg-
ulatory, cultural, and economic landscapes of these markets. The study also reinforces
the notion from innovation diffusion theory that successful technology transfer and
commercialization require adaptations to local contexts, aligning with Rogers (2003)’s
principles on the importance of socio-cultural factors in the diffusion process. Besides,
this research proposed the CRL as another assessment tool for evaluating and commu-
nicating with stakeholders, as well as startup valuation methods for the benefits of fund-
raising strategy and communicating with investors.

Managerial implications

From a managerial perspective, the MediGate framework offers a structured pathway
that managers and practitioners can follow to enhance the likelihood of successful Med-
Tech innovation development and commercialization in emerging markets. It provides
clear, actionable stages and decision gates that can help MedTech ventures navigate the
complex interplay of product development, regulatory compliance, clinical pathways,
and market strategies. Additionally, the framework emphasizes the importance of stake-
holder engagement, critical thinking, and the alignment of technology development with
clinical needs and market demands, which are crucial for achieving market penetration
and adoption.

Ideas for future research

Future research could focus on several areas to expand upon the findings of this study.
For example, applying the MediGate framework in different geographic and economic
contexts would help in testing its universality and adaptability. This could involve com-
parative studies between emerging and developed markets to identify commonalities
and distinctions in framework application. Furthermore, quantitative validation of the
framework’s impact on MedTech startup performance metrics such as time to market,
market share, and return on investment would provide a more objective measure of
its efficacy. One could also explore how the MediGate framework can be expanded to
incorporate sustainability principles more deeply, ensuring that MedTech innovations
not only address immediate clinical needs, but also contribute to long-term economic,
social, and environmental well-being. Another promising area is the development of a
legal readiness level (LRL) metric, similar to the clinical and technological readiness lev-
els used in the framework. An LRL would systematically assess the legal and regulatory
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preparedness of a MedTech innovation, providing a structured evaluation of potential
legal risks and compliance requirements throughout the development process.

By addressing these theoretical, managerial, and future research implications, this
study not only contributes to the academic literature, but also provides practical guide-
lines that can assist practitioners in navigating the intricate MedTech innovation land-
scape within emerging markets.
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