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PERSPECTIVE

The Lean and Agile Multi-dimensional Process (LAMP) – a new framework for rapid
and iterative evidence generation to support health-care technology design and
development
Melody Ni a, Simone Borsci a,b, Simon Walne a, Anna P. Mclister a, Peter Buckle a, James G. Barlow c

and George B. Hanna a

aDepartment of Surgery and Cancer, Imperial College London, London, UK; bDepartment of Cognitive Psychology and Ergonomics, Twente
University, Enschede, Netherlands; cImperial Business School, Imperial College London, London, UK

ABSTRACT
Introduction: Health technology assessments (HTA) are tools for policymaking and resource allocation.
Early HTAs are increasingly used in design and development of new technologies. Conducting early
HTAs is challenging, due to a lack of evidence and significant uncertainties in the technology and the
market. A multi-disciplinary approach is considered essential. However, an operational framework that
can enable the integration of multi-dimensional evidence into commercialization remains lacking.
Areas covered: We developed the Lean and Agile Multi-dimensional Process (LAMP), an early HTA
framework, for embedding commercial decision-making in structured evidence generation activities,
divided into phases. Diverse evidence in unmet needs, user acceptance, cost-effectiveness, and market
competitiveness are being generated in increasing depth. This supports the emergence of design and
value propositions that align technology capabilities and clinical and user needs.
Expert opinion: We have been applying LAMP to working with medical device and diagnostic industry
in the UK. The framework can be adapted to suit different technologies, decision needs, time scales, and
resources. LAMP offers a practical solution to the multi-disciplinary approach. Methodologists drive the
process by performing evidence generation and synthesis as and by enabling interactions between
manufacturers, designers, clinicians, and other key stakeholders.
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1. Introduction

Health technology assessments (HTAs) are traditionally used
to inform health policy, resource allocation, and decision-
making [1]. Of the three fundamental questions of test evalua-
tion, namely can it work (efficacy), does it work (effectiveness),
and is it worth it (value), the focus of HTAs has been on
generating and synthesizing clinical and health economic evi-
dence in order to establish the effectiveness and value of
a technology [2]. Used with Multi-Criteria Decision Analysis
(MCDA), HTAs also play a key role in hospital-based imple-
mentation studies [3–5]. This enables the selection of technol-
ogies (medicine, devices, or procedures) that are most
compatible with the perspectives and values of the local
decision-makers [3], and with the local contexts [6]. However,
and especially as digital platforms and interventions gain
wider penetration, it has increasingly been recognized that far-
reaching consequences on patients, clinicians, and health-care
providers are ideally captured early on so that risks can be
mitigated and value can be co-created [7,8]. This requires the
development of new approaches to HTAs.

Over the past decade, the idea of early HTAs has gained
traction [9–12]. Instead of only assessing a product after it has
been developed, clinical efficacy and wider socioeconomic

benefits can be considered alongside technical validity during
its development [13,14]. Incorporating clinical needs, acceptance
[15] and end-user preferences at an early stage [16,17] has the
potential to transform product design and development [18],
that is, by providing insights into the question of ‘how to make
itwork’, so that the technology becomes a better fit of the clinical
and payer environments. Integrating HTAs into technology
design and development also improves the fidelity of assess-
ments, when technology, in particular devices and digital plat-
forms, must be adapted for local settings, such as by conducting
implementation studies [4].

The transition of HTAs from tools of resource allocation to
tools of commercialization has many challenges. Notably, evi-
dence is scarce at an early stage of development whereas
uncertainties are abundant. Lack of evidence in terms of
both quantity and quality adds structural uncertainties to
decision models [19] and undermines the reliability and gen-
eralizability of an assessment [20]. Secondly, multiple stake-
holders have diverse objectives and preferences [21] – these
must be reconciled. Thirdly, a lack of awareness and resource
constraints [15] mean that early HTAs are not universally
adopted. This is especially true for diagnostic and device
companies, which are predominantly small-to-medium sized
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enterprises (SMEs). Paradoxically, foregoing early assessments
renders SMEs more prone to product failure, of which they are
more vulnerable compared to their larger counterparts [17]. To
meet these challenges, a multi-disciplinary approach to evi-
dence generation has been proposed, with a greater emphasis
on qualitative tools (e.g. stakeholder analysis) and expert
knowledge [6] in relation to quantitative modeling
approaches. Specialized early HTA tools have also been devel-
oped [9,22], which incorporates perspectives from payers, to
support commercialization activities. However, manufacturers
continue to find it challenging to utilize the diverse evidence
emerged. For early HTAs to gain wider penetration, they need
to be able to cope with substantial uncertainties, easy to use
as well as resource efficient.

We developed the Lean and Agile Multi-dimensional
Process (LAMP) to enable rapid cycles of evidence generation
and staged evidence synthesis for supporting manufacturers
in achieving incremental changes in product design, whilst
developing robust commercialization strategies. LAMP arose
from our experiences as a specialized research unit in England
working with medical device industry since 2013 [16,21,23]. It
is underpinned by successful practices in decision analysis
[24], manufacturing and digital technology, notably the lean
and agile approaches. A concept or prototype is screened
based on its technical feasibility, filtered through unmet clin-
ical needs, and then explored through multi-faceted assess-
ments in terms of user needs, user preferences, health
economics, and market competitiveness. Final recommenda-
tions emerge from a facilitated focus group meeting to lend
clarity to the next steps of commercialization. Although LAMP
was developed for medical devices, due to resource con-
straints and the need for such a lean and agile tool, we have
also applied LAMP to digital platforms used for medical train-
ing and education.

In what follows, we first discuss unique challenges facing
early stage health technology assessments, which led to the
development of LAMP. We introduce its underpinning frame-
works and describe its stages in detail. We illustrate how LAMP
works by presenting three case studies drawn from our colla-
borations with the UK diagnostic industries. We conclude by
exploring implications for health-care innovations, key consid-
erations when using the framework, its limitations, and pro-
posing plans for future development.

2. Challenges in early stage health technology
assessment

The International Network of Agencies for Health Technology
assessment (INAHTA) defines Health Technology Assessment
as ‘the systematic evaluation of the properties and effects of
a health technology, addressing the direct and intended
effects of this technology, as well as its indirect and unin-
tended consequences, and aimed mainly at informing deci-
sion making regarding health technologies’.1 As the
innovation they support, HTA activities progress in stages:
from basic research at a very early stage aimed at verifying
the working mechanism of a technology, to translational
research at an early stage for defining unmet needs and

market potential, to the later mainstream HTA where evidence
of clinical validity, utility, and socio-economic benefits are
generated and synthesized [9,25]. A variety of tools, both
quantitative and qualitative, have been developed to support
these activities (Table 1).

Decision-making at the early, translational stage is espe-
cially complex – uncertainties are abundant whereas evidence
is scarce. Manufacturers simultaneously engage in strategic
planning, deciding on which R&D activities to invest in and
by how much, and in commercialization, optimizing technical
performance, design, pricing, and value propositions for vali-
dation, adoption, and implementation. Translational research,
which happens as early as the concept stage of an innovation,
has been used to understand clinical needs and user require-
ments to shape product design, forecast market potential and
justify funding acquisitions. Decision needs continue to evolve
as evidence of technical validity and clinical relevance
accumulates.

Supporting commercial decision-making at an early stage
thus requires tools that are far more dynamic and multi-
faceted than those typical of mainstream HTAs for ascertaining
effectiveness and cost-effectiveness of a product after it has
been developed. An example of early HTA tools is the head-
room approach [22]. The headroom of a technology is the sum
total of potential cost savings to the health-care provider plus
gains in monetary terms from improvement in patient’s
health-related quality of life (HRQoL) or another acceptable

Table 1. Core stages of evidence generation and HTA methods to inform
decision-making, based on Ijerman and Steuton [9].

Core stages Key goal

Methods

Qualitative Quantitative

Basic
research
(very
early)

Inform decision
about the
value of the
concept to
justify the
investment

● Literature review/
analysis

● Peer review
● User profiles building
● Focus groups
● Interviews
● Informal discussions
● Qualitative weighing of

relevant factors
● Use cases writing
● Key informant inter-

views

● Headroom
analysis

● Cost-
effectiveness
analysis

● Probabilistic
sensitivity
analysis

● Best worst
scaling

● Conjoint
analysis

Translational
research
(early)

Inform decision
about the
prototype and
product
development

● Strategic planning
methods, e.g. Political,
Economic, Socio-
cultural and
Technological (PEST),
Strength, Weakness,
Opportunity, Threat
(SWOT)

● Expert panels/elicitation
● Technology profiling

(uncertainty profile and
evidence profile)

● Workshops
● Surveys

● Potential
years of life
lost

● Cost-benefit
analysis

● Cost-utility
analysis

● Opportunity
costs

Mainstream
HTA
(advanced)

Inform the
device usage
in the clinical
setting

● Decision conferencing
● Facilitated focus group

meetings
● Multi-criteria decision

analysis (MCDA)

● Health
economic
modeling

● Multi-criteria
decision
analysis
(MCDA)
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outcome measure. This sets the upper limit of further invest-
ment based on an estimation of the market size (as the
number of units sold), the cost of production as well as the
investment that has already been made (sunk costs).
Manufacturers can reach go/no-go decisions by building var-
ious scenarios with different headrooms (e.g. by assuming
minimum and maximum units sold). Compared to main-
stream methods, early stage tools might appear ‘simplistic’.
However, they provide key insights by merging perspectives
from the supply-side (company) and the demand-side (payer)
in a way that is both transparent and actionable to the
manufacturer.

Early stage evidence generation is also characterized by
being multi-dimensional, multi-perspective, and cross-
disciplinary. This reflects the complexity of the health-care
system and the innovation process, with far-reaching conse-
quences on a wide range of stakeholders. These stakeholders
play different roles and reside in different organizations. Their
objectives are diverse; so are their evidence needs for deci-
sion-making. We developed the Point of Care Key Evidence
Tool (POCKET) by interviewing patients, laboratory experts,
clinicians, commissioners (payers), regulators, industry, and
methodologists. What emerges was a consensus checklist
comprising 65 different evidence requirements encompassing
technology, clinical pathway, stakeholder, health economics,
and test performance [21]. This spectrum of evidence requires
the use of both quantitative tools, e.g. clinical studies and
modeling studies to quantify test performance in realistic
settings and estimate health economic benefits, and qualita-
tive tools, e.g. through interviews, simulation studies, and
focus groups to understand the contexts, risks, attitudes,
needs, pathways, usability, and potential adoption and imple-
mentation barriers.

However, unlike the summative assessments embodied in
classic HTAs, early HTAs strive to inform ‘how to make it
work’ by drawing insights from assessments of ‘does it
(potentially) work’ and ‘will it be worth it (for the company
and for the payer)’. Develop robust value propositions
requires balancing considerations of the technology (techni-
cal validity, clinical validity, and utility) and design (usability,
user experiences) with socio-economic benefits (health eco-
nomics, pathways) and stakeholder attitudes (acceptance,
perceived risks). Classic HTAs have primarily relied on sys-
tematic literature reviews to reconcile differences in study
design, settings, patient populations, and findings. This is not
suitable at an early stage not only because there is a lack of
evidence but also because the multi-dimensional evidence
can give rise to different adoption scenarios. To incorporate
insights into product design and development requires
‘translation’ by specialists who understand both evidence
and its implications for commercialization. Decision analysis
[26,27] and facilitated focus group meetings [24] have been
used successfully to achieve design solutions. We have also
developed a process to integrate health economics and
human factors so that costs (value) are considered alongside
design [16]. Further, more systematic integration of evidence
is needed to maximize the utility of the limited amount of
evidence so intrinsically linked at an early stage of
innovation.

3. Design rationale of the Lean and Agile
Multi-dimensional Process (LAMP)

Using a grounded-theory approach [28,29], we developed the
Lean and Agile Multi-dimensional Process (LAMP, Figure 1), an
early stage HTA tool, for evidence generation and synthesis to
meet the challenges facing early stage assessments. LAMP has
a number of distinct characteristics. Firstly, it is multi-dimensional,
incorporating modules of generating both qualitative and quan-
titative evidence. Secondly, it emphasizes the ‘width’ of evidence,
rather than the ‘depth’, and can be implemented over a relatively
short period of time, by a multi-disciplinary team working closely
together. Thirdly, it is manufacturer-facing, embedding the
assessments in a phased structure to support commercial deci-
sion-making.

LAMP is underpinned by successful practices in manufacturing
and digital technology, namely the lean and agile approaches, to
meet the unique challenges facingmedical device industries. Lean
focuses on eliminating, at an organizational level, redundancies in
product development and managerial processes [30,31]. An agile
approach toward product development entails using iterative,
incremental changes to achieve significant improvement in end-
products [32]. Through a series of sprints, an existing idea is
continuously refined through multiple evaluations, leading to its
eventual implementation.. The joint execution of lean and agile, or
le-agility [33], produces a process that is highly dynamic and out-
come-driven with demonstrable results. Applied to evidence gen-
eration, le-agility gives rise to a diffused and iterative approach
embodied in LAMP in contrast to a more focused and sequential
approach adopted by mainstream HTAs.

LAMP incorporates four phases (stages) to support manu-
facturer utilize the multi-dimensional evidence that is being
generated [34]. We start by reviewing available evidence,
identifying gaps, and setting up basic parameters for the
assessments (preparing). We then ascertain the unmet needs
(filtering) [35–37] and carrying out multi-modality assessments
of clinical, health economic, human factors, and market feasi-
bility to explore implications for design and commercialization.
Final recommendation was achieved through a focus group
meeting attended by key stakeholders (evaluation).

We aim to generate aminimum set of evidence (lean) relevant
to manufacturer needs (agile), especially in terms of design
requirements and value propositions. Our basic premise is that
a successful technology combines favorable market conditions
with well-aligned technology capability, design, and clinical uti-
lity. Therefore, we focus on three broad categories of evidence
based on their distinct roles in technology translation:

● human factors related (e.g. usability and user experi-
ences), which underpins the interaction between the
human operator and the technology as well as the wider
system of which the technology is a part, e.g. [38], through
a consideration of intended users, e.g. ISO 62366 [39].

● clinical outcome related (e.g. sensitivity and specificity in
the context of diagnostic products) which drive perfor-
mance characteristics of a product and determine its
clinical validity and clinical utility [40].

● market intelligence (e.g. competitors, strengths, and
weaknesses) which highlights competitive advantages

EXPERT REVIEW OF MEDICAL DEVICES 3



and disadvantages of a technology, its innovative level,
and readiness for adoption and implementation. From
this perspective, early health economic evidence cap-
tures the trade-off between potential improvement in
clinical outcomes (and therefore benefits for patients,
clinicians, and health-care systems) and market competi-
tiveness (and therefore prospect for adoption).

Within each of the four phases of LAMP, we (methodologists)
simultaneously consider these three categories of evidence in
terms of human factors, clinical outcomes, and market intelli-
gence. Following each phase, based on discussions with the
manufacturer, we reach three possible outcomes:

● positive, when the benefits substantially outweigh the
risks – the new product is expected to face minimal barriers
to adoption and a great uptake in the market;

● neutral, when the benefits counterbalance the risks – certain
aspects of the alignment are positive whereas others are
negative. The assessments generate insights about key fea-
tures and functions to fulfill clinical and user needs, and
a more calibrated set of expectations given economic
impact;

● negative,when the risks substantiallyoutweigh thebenefits–
the product is expected to face severe barriers to adoption
due to a lack of clinical relevance or utility; the product is
unlikely to be cost-effective for the health-care system.

Following each phase, manufacturers may decide to continue
as planned (proceed), halt the evaluation until they have
revised design or market strategies (review) or stall the

product development altogether (exit) [5]. Over the course of
LAMP, the alignment between technology, user (contexts),
and market is repeatedly assessed, with increasing depth.
The process can be repeated, continuing to support manufac-
turers as they progress through various stages of product
development and commercialization.

We developed LAMP by collaborating with the Academic
Health Science Networks (AHSNs) which are organizations in
England responsible for bringing innovations into the NHS.
The initial group of experts involved in the co-design of
LAMP comprised a team of seven experts in health economics,
human factors, decision-making and marketing, and technol-
ogy development. We then revised the framework through
a series of co-design sessions with a group of 15 professionals
including methodologists, designers, engineers, clinicians, and
experts of hospital procurement. We continued to apply LAMP
and refine the framework based on our experiences and the
feedbacks we gathered. In what follows, we present the LAMP
framework in detail.

4. The Lean and Agile Multi-dimensional Process
(LAMP)

The main users of the LAMP framework are a team of meth-
odologists (referred to as ‘we’ throughout this discussion) with
expertise in health economics, human factors, and marketing/
market access. The team carry out the assessments, generating
and synthesizing evidence to supporting decision-making by
manufacturers and designers. We use the term ‘evidence’
loosely, which encompasses everything from technical reports,

Figure 1. The Lean and Agile Multi-dimensional Process (LAMP) – an overview.
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design features, physical models, published or unpublished
studies, or other supporting documents the company is will-
ing to share under a non-disclosure agreement. We use both
standard tools (SUS, UMUX, UEQ, NPS, Section 4.3) and have
developed tailor-made instruments for assessments (POCKET,
MedKET, Appendix). The LAMP framework is summarized in
Table 2.

4.1. Preparing: review technology readiness level and
identifying evidence needs

Aims To 1) establish with the company the objectives of the
assessment, 2) build common ground of understanding in
terms of what to expect from the process, and 3) ascertain
that sufficient information is available for the assessments.

Screening The assessment team meets with the developer
to examine all available evidence (including physical models,
technical reports, marketing intelligence, published or unpub-
lished studies, etc.). We perform a preliminary assessment of the
technology, appraising its risk-benefit and ascertaining our
capacity and expertise in supporting the evaluation (see
Appendix for the risk-benefit tool). Ideally, the developer has
a good understanding of the design and process of use of the
technology, as well as of the target clinical settings and patient
cohorts. Views from the public health experts, when relevant
are captured through representatives from the Academic
Health Science Networks, which are our collaborators.

Stakeholder Identification Once the decision to proceed
has been jointly agreed, we start by interviewing the manu-
facturer for initial identification of stakeholders for interviews,
using the WHO stakeholder tool.2 As assessments progress, we
widen our reach by using the later-stage stakeholder identifi-
cation tool adapted from the WHO tool.

Evidence Review Evidence checklists, such as the Medical
device Key Evidence Tool (MedKET) [23] and the Point of Care
Key Evidence Tool (POCKET) [21] are used to assess technology
readiness level, by understanding what evidence has been

generated, the quality of such evidence and evidence needs
and gaps that need to be addressed next. POCKET tool
encompasses evidence on stakeholders, clinical outcomes,
health economics, technologies among others.

Based on the technology, the intended use, the evidence
needs and gaps, we reach out to our internal network of clinical
experts. We develop an evaluation protocol, including the roles of
key stakeholders, interview protocols, and the instruments for the
multi-dimensional assessments. Working with the developer, we
build a slide deck and/or a mock-up for showcasing the technol-
ogy during the interviews. The marketing expert starts to review
competing technologies and the health economist starts to
review literature and map out preliminary clinical pathways by
working with expert clinicians. Design, value propositions, and
pathways are refined throughout the assessment process.

Decision-making Assessment may be negative if 1) we are
unable to identify a clear value proposition of the technol-
ogy, 2) the technology is not ready for translation, e.g. no
evidence to suggest that the technology could work or 3)
we fail to reach an agreement with the developer in terms
of what to expect from the assessments.

4.2. Filtering through unmet needs and identifying
feasible care pathways

Aims To 1) verify how well the technology capability and
design align with unmet needs, 2) ascertain that the technol-
ogy is acceptable in the clinical settings, and 3) identify sui-
table clinical pathways to implement the technology.

Clinician interviews and preliminary stakeholder
analysis We carry out semi-structured interviews with
clinical experts. These interviews last 30–60 min, ideally
face-to-face, during which we present the technology, the
available evidence, preliminary value propositions, and
preliminary pathway maps (see Section 4.1). Clinicians
are invited to comment on the technology, its value pro-
positions and to help identify other key stakeholders. We

Table 2. Four phases of the LAMP framework for supporting health technology design and development.

CAN it work?
I. Preparing

WILL it work?
II. Filtering

HOW to make it work?
III. Exploring

Nest steps?
IV. Evaluating

Evidence
Generation

Qualitative
Methods

● Stakeholder
Identification

● Evidence Checklists
(MedKET, POCKET)

● Preliminary stakeholder analysis
● Clinicians and user interviews

● Market analysis
● Stakeholder analysis
● Usability studies
● User experience studies

-

Quantitative
Methods

- - ● Early health economic
studies

● Database analysis

-

Evidence Synthesis ● Methodologist-led
review

● Literature review
● Clinical expert-led review

● Methodologists and
clinical expert-led review

● Facilitated focus
group meetings

Key Outputs ● Technology
credibility

● Clinical feasibility
● Evidence need

● Clinical pathway linking technology to benefits
for patients, clinicians, and the NHS

● Unmet needs
● Clinical pathways
● Stakeholder perceptions
● Adoption barrier
● Design recommendations
● Cost-effectiveness
● Value propositions

● Consensus
recommendations

Manufactures
Decision Making

Technology ready for
translation?

Unmet needs that can realistically fulfilled by the
technology?

Clarity on

● User needs, user context
● Product design
● Marketing strategies

● Updated commercia-
lization strategies

● Further evidence
requirements

EXPERT REVIEW OF MEDICAL DEVICES 5



work with clinicians to refine the care pathways, under-
standing the impact of the technology, potential settings
where the technology might be implemented (e.g. primary
care, pharmacy, secondary care) and variations in health-
care settings (London versus elsewhere).

We assess technology acceptability, perceived usefulness
and likelihood of adoption by using scales adapted from the
standardized instruments, including the technology accep-
tance model [41], perceived usefulness questionnaire [42]
and the net promoter score [43], which predicts its market
potential. At this stage, experts are mainly recruited from local
clinical settings. When such expertise is not available or when
the views emerged diverge, we engage with our wider net-
work of health-care professionals.

Decision-making The assessment team holds a meeting with
clinicians andmanufacturers to refine the evaluation protocol for
the exploration phase, taking into account the preliminary find-
ings. Multiple user scenarios may emerge, which can be consid-
ered during the exploration phase, alongside the identification of
additional key stakeholders. Assessmentmay be negative if 1) we
are unable to identify clinical utility of the technology or 2) the
care settings cannot accommodate the new technology without
substantial re-configurations, implying substantial risks which
overshadow the foreseeable benefits of the technology.

4.3. Exploring by multi-dimensional evidence generation

Aims To 1) carry out feasibility assessments by simultaneously
generating evidence in user preferences, stakeholder accep-
tance, and health economics, 2) inform product design, and 3)
refine value propositions.

Human factors We carry out hour-long, face-to-face semi-
structured interviews with experts recruited from our wider
research networks. Simulation studies – often with clinical
users in realistic scenarios – are used to understand risks,
decision-making and enhance external validity of available clin-
ical evidence, e.g. [38]. The experts are asked to comment on
the design and safety in use, as well as barriers to adoption. As
potential users, they also assess usability and user experiences
by using standardized usability tools, e.g. SUS [44], UMUX [45],
UEQ [46] and the net promoter score [43]. We also confirm the
clinical pathways to incorporate the technology.

Health economics From the interviews we extract vari-
ables describing clinical and socio-economic impact of the
technology, which we complement by a narrative review of
the literature. We carry out early economic assessments to
quantify the trade-offs between costs and benefits using the
technology. Multiple sensitivity analyses are carried out, taking
into account human factors evidence, to understand drivers of
the costs and benefits, the trade-offs between sensitivity and
specificity and other key performance characteristics, such as
time to results and location of the tests. Clinical evidence is
incorporated if and when it is available. In its absence, we
build various scenarios and carry out sensitivity analyses to
consider boundary conditions of device performance and
inform future study designs.

Marketing strategies We survey the literature, including
the NIHR innovation observatory, to identify existing/emer-
ging technologies targeting the same/similar applications

and assess their respective advantages and disadvantages.
We summarized the market size (patient cohort, current and
projected burdens of disease), manufacturing costs, price to
purchaser, and market growth. This is sometimes complemen-
ted by an analysis using established clinical and/or adminis-
trative databases.

Decision-making We hold a half-day meeting with the
manufacturer to review the dynamics between the market
(e.g. is the product attractive and competitive), performance
(e.g. accuracy, time to results), human factors (e.g. how likely
errors are made, how easily device can be cleaned, how likely
the device will be used to inform clinical decisions) and health
economics (what are the minimum requirements for the device
to be cost-effective). We help manufacturers to consider impli-
cations for design (e.g. the process of use, weight, size, how
results are presented) and marketization (e.g. which technol-
ogies to displace or to complement). Sensitivity analyses using
the early health economic model are carried out to develop
adoption scenarios. Facing neutral or negative evidence, man-
ufacturers may decide to exit the process in order to reconsi-
der marketing strategies and/or engage in design reviews.

4.4. Evaluating through a facilitated focus group
meeting

Aim To achieve consensus in recommending next stages of
product development and commercialization strategies.

Focus group meeting We compile an evidence package
containing findings and recommendations in terms of design,
usability, safety in use, clinical utility, cost-effectiveness, poten-
tial pathways for adoption and marketing plans. We share the
package with the company and with an independent board of
experts, drawn from across the health-care system. The board
of experts frequently include representatives from the AHSNs,
expert clinicians, and patient representatives. Industry is also
present to provide insights into the technology. We facilitate
the meeting to drive consensus in recommending next steps
for the product.

Decision-making Given positive assessment outcomes, the
manufacturer may continue existing strategies but with greater
clarity in terms of value propositions, further evidence require-
ments, and marketization (e.g. Case 1). If the assessments are
neutral, with a mixture of perceived benefits, risks, and doubts,
the manufacturers may consider changes in clinical settings and
design for embedding the technology, resulting in market pivot
(e.g. Case 2). Finally, an overwhelmingly negative verdict may
lead to high-stake decisions such as stalling the product and
pursuing new opportunities (e.g. Case 3).

5. Case studies

Through our collaborations with academic health science net-
works in the UK, we have applied LAMP to work with compa-
nies developing diagnostic, screening, and monitoring tools in
cancers, gastroenterology, mental health, chronic conditions,
emergency medicine, etc. In what follows, we present three
case studies to illustrate how commercialization was
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supported by the multi-dimensional assessments. A summary
can also be found in Table 3.

5.1. Case 1

A new generation of pH strips for locating blindly inserted
nasogastric tubes in adult patients was developed which met
previously identified unmet clinical needs. We generated
multi-dimensional evidence in human factors, health eco-
nomic and stakeholder perceptions, over multiple iterations,
to support the manufacturer in developing product design
and value propositions. The prototype was tested in 10 NHS
hospitals, with highly positive outcomes. We hosted an adop-
tion workshop attended by the manufacturer, representatives
from the AHSNs, clinicians, and the methodology team. The
meeting was facilitated by an independent expert in

innovation management. The panel reviewed the evidence
and discussed how the new pH strips might have routine
use inside the NHS hospitals. The company gained clarity in
business models and ideas of developing a second-generation
product, which could bring even greater patient benefits, was
discussed. The company has applied and received funding to
test the (first-generation) strips in a new patient cohort (neo-
nates) which the panel identified as having high unmet needs.

5.2. Case 2

The concept of a portable anticoagulation device was pro-
posed by the manufacturer for use inside the operating thea-
ter where such tests are routinely done using laboratory-based
devices. During assessments of unmet needs, the idea of using
the new portable device in emergency settings was raised by

Table 3. Summary of case studies.

Product Product Stage Company

Case Study 1 Novel pH strips Prototype stage SME with a strong track record in
health care

Preparing ● Well-evidenced unmet needs;
● A small proof of concept clinical study with promising results

Filtering ● Strong clinical interests and support;
● Technology solutions match unmet needs;
● No change to existing product design means minimum disruptions to clinical service
● Lack of information about the process of use and the unmet needs

Exploring ● Usability and user experiences studies found a strong preference for the novel test
with an updated design – idea for 2nd-generation product emerging;

● Straightforward health economic argument;
● A company considering collaboration with market leaders

Evaluating ● Strongly positive assessment outcomes;
● Commissioners welcomed the new product;
● Unmet needs identified internationally and in other age groups

Outcome ● Proceed with existing commercialization plans
● 1st generation product developed
● New funding acquired to test the product in a new clinical area

Time: 16 Weeks

Case Study 2
Point of care anticoagulation device Concept stage Micro-company with successful

track record outside health care
Preparing ● The new test is a point of care, faster, more precise and more resilient compared to

the existing bench-top model;
● Only laboratory evidence available

Filtering ● Emerging unmet needs identified in the emergency settings that could best match
technology capability;

● Strong clinical interests and clinical support.
Exploring ● Favorable usability and user experience assessments;

● Potential savings in patient lives;
● Substantial unfulfilled needs;
● Lack of emerging alternative solutions.

Evaluating ● Stakeholders strongly favored the new test in managing trauma patients and in other
emergency settings

Outcome ● Market pivot from the operating theater to trauma emergency;
● Significant interests from private investors;
● Substantial funding award for product development

Time: 12 Weeks

Case Study 3
Cancer drug toxicity test Concept-prototype

stage
Medium-sized company with
a strong R&D profile

Preparing ● Predominantly laboratory evidence available; a very small group of patients; very
scarce clinical evidence

Filtering ● Unmet needs not identified; existing pathway unlikely to change;
● A small group of patients, difficult to access without clinical traction

Exploring ● Lacking clinical utility and therefore not cost-effective;
● Usability and user experiences also failed due to lack of clinical relevance and
interests;

● Marketing assessment suggested the USA as a possible alternative but uncertain
Evaluating ● Not implemented
Outcome ● Product development stalled Time: 9 Weeks
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an expert clinician. This suggestion was unexpected but wel-
comed by the manufacturer. Subsequent interviews with sta-
keholders, early health economic studies, and marketing
research confirmed the viability of the idea. The company,
having considered the implications for design (e.g. ambient
environment, rough handling, transportation, interface, etc.),
decided to pursue the development of a point-of-care antic-
oagulation device for treatment planning in emergency set-
tings. The new application was considered a superior
alignment between technology capability and unmet needs,
as well as fulfilling a market niche. Consequently, there was
a multi-fold increase in the company’s valuation by investors
following the market ‘pivot’. The company has been successful
in acquiring further funding, which enabled us to continue to
work with the company to refine product design and interface
through a series of human factors studies. More in-depth
health economic studies are being planned alongside phased
clinical studies to validate and assess the technology in realis-
tic settings.

5.3. Case 3

A dosage planning tool for chemotherapy treatment of a rare
type of cancer was being developed as a laboratory-based
test. However, our initial assessments failed to identify viable
clinical pathways that could change clinical decision-making.
The tool, though valid in indicating the level of toxicity in
patients receiving the chemotherapy, was not compatible
with the current care. The clinicians had few alternatives
other than the existing regimes and did not consider the
chemotherapy overly toxic. During the exploring phase, we
carried out extensive stakeholder analyses and market studies
in order to rule out selection bias as a possible explanation of
the negative assessment outcomes. However, the results con-
tinued to support the lack of clinical utility. Cost-effectiveness
and user experiences were not assessed since both would
require the identification of feasible clinical pathways.
Overseas markets (e.g. the US) were proposed. However, in
the presence of the cumulative negative assessment out-
comes, the company decided that the risks were too high
and the product development was subsequently stalled.

6. Conclusion

We developed the Lean and Agile Multi-dimensional Process
(LAMP) to help developers to navigate innovation process
from an early stage of product development, where uncertain-
ties are abundant and fundamentally irreducible [47]. LAMP
achieves this by generating insights into a number of key
questions gathered from a wider perspective. Firstly, how
would a technology influence key stakeholders, and how can
such influences be prioritized and incorporated into the
design to optimize performance and streamline adoption in
chosen clinical contexts? Secondly, how do performance and
design of a device jointly influence its perceived risks and
benefits and its market potential against competitors (or com-
parators), thus shaping value propositions? Thirdly, how can
developers maximize market value while meeting payers’
expectations, e.g. by considering the cost-effectiveness

threshold [48,49]? Evidence underpinning these issues is
diverse. It would be extremely challenging for manufacturers
to act upon these evidence unaided, as they become available.
Using LAMP, decision-making is embedded in a phased struc-
ture, whilst these issues are explored in increasing depth by
methodologists working closely with manufacturers and key
stakeholders. The utility of the multi-dimensional evidence is
maximized, allowing satisfactory design solutions and value
propositions to emerge.

As a decision-making tool, LAMP is characterized by its
flexibility. The activities are routinely re-configured to reflect
the evolving evidence base and priorities and the framework
is adapted to accommodate different needs, time scales, and
available resources. For instance, in Case 3 the focus was on
ascertaining unmet needs (i.e. Phase 2). In Case 1 and Case 2,
manufacturers have both ascertained technical validity and
generated preliminary insights in the clinical applications of
a device but have different business models and resources.
Because the evidence differed in quality and quantity, our
subsequent assessments focused either on exploration
(Case 1) or on ascertaining clinical utility (Case 2), leading to
different outcomes and commercial decision-making (Table 3).
One iteration of LAMP can be completed in as little as 3
months, especially when the evidence is affirmative (positive)
and therefore no substantial revision of the evaluation proto-
col is required. In an ideal scenario, the framework is applied
iteratively, thus providing continued insights into alignment
between the product, the user, the clinical contexts, and the
market, as the technology progresses through innovation
stages.

As an early HTA tool, LAMP embodies an evolutionary
approach to evidence generation, which emphasizes the
breadth of assessments rather than their depth [50,51].
Manufacturers are supported to implement incremental revi-
sions, using assessments that are formative rather than sum-
mative, exploratory rather than definitive, constructive rather
than prescriptive. Therefore, recommendations are conditional
on the evidence gathered, experts interviewed, and subject to
biases in human cognition [52,53]. Its strength lies in
a structured approach and a robust process driven by impar-
tial methodologists who gather, generate, interpret, and
synthesize evidence. However, to implement LAMP would
require concerted effort from methodologists, manufacturers
and clinicians and key inputs from other stakeholders includ-
ing patients, laboratory technicians, commissioners, etc.

7. Expert opinion

For technology translation, large clinical studies and in-depth
health economic evaluation are neither necessary nor feasible,
especially for small companies that dominate the medical
device and diagnostic industries. Since its inception over
a decade ago, early HTAs have been used to gain insights
into market uptake and technology design. Its popularity con-
tinues to rise, evidenced by a growing number of published
studies [54]. Specialized research units applying its methodol-
ogies are also being established [55].

Nevertheless, as we move away from the classic paradigm of
full-scale, targeted, and largely linear approach embodied in
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mainstream HTAs, we are confronted with new challenges. For
early stage assessments, a multi-disciplinary approach has been
recognized as essential, and international collaborations have
been forged toward this end [11]. Many methods, including
a host of qualitative ones, are now used alongside quantitative
tools to cope with the lack of clinical evidence. Despite many
favorable developments, early HTAs are frequently not imple-
mented, due to a combination of factors including a lack of
knowledge [17], a lack of access to expertise and a lack of
motivation from the manufacturers [10,56]. The diverse range
of tools and expertise required for early assessments can be
overwhelming even for methodologists (e.g. Table 1). From this
perspective, LAMP offers a solution to realizing the multi-
disciplinary approach that supports commercial decision-
making by synthesizing key evidence, harmonizing perspectives
from key stakeholders, and taking into account local contexts
[6,57], in a way that is ‘lean’ in its activities whilst ‘agile’ in its
operation.

The ultimate goal of early HTAs is the wide dissemination of
the practice to transform product design and development,
thereby optimizing resource allocation, reducing waste, and
adding value to the health-care systems. This implies a high
degree of integration of HTA practices into the design, manu-
facturing, and marketing activities, and can be achieved in
a number of ways. Firstly, tools can be developed for use by
manufacturers. An example is the aforementioned headroom
approach (Section 2). We are also developing an on-line version
of the POCKET evidence checklist, which will be freely available
to SMEs. These tools are widely accessible, easy to use, and
useful for raising awareness, improving knowledge and helping
the initial stages of problem identification and problem struc-
turing. These would not help issues surrounding designing and
commercializing a specific product, however, which would
require fine-tuning of the evidence specific to the technology.

A second option is to train an in-house team carrying out
assessments within a company. This solution has the advan-
tage of being highly tailored toward the company, its culture,
organization, products, and aims. Once established, the team
could serve to horizontally integrate decisions across various
departments, e.g. basic R&D, marketing, design, etc. However,
to build such a team would require a product pipeline (econ-
omy of scale), thereby limiting how widely this could apply.
Further questions remain as to how such teams might gain
routine access to a wide range of clinical expertise fundamen-
tal to the quality of early assessments.

A third option is an expert-led solution intermediating
between commercial decision-making, clinical needs and
payers, as adopted in LAMP. As a methodologist team, we
are funded externally, embedded in a large teaching hospital,
forming part of a large national network of research infra-
structure. A main challenge of this model is perhaps the
integration with manufacturers. However, we are working
toward the same goal developing safe, useful, value-for-
money and commercially viable products. By reconciling dif-
ferences in working habits, culture, organization, logistics, etc.,
we are also developing capabilities, expertise, and insights –
LAMP itself results from our attempt to meet industry needs
from an academic perspective. As long as manufacturers, clin-
icians, and methodologists continue to operate in different

environments, the ‘cultural shocks’ could stimulate debate,
critical thinking, and hopefully the emergence of best prac-
tices within various organizations.

However, LAMP has a number of limitations. Firstly, scal-
ing up remains challenging. As a multi-dimensional tool, its
implementation requires expertise in quantitative and quali-
tative methods. Such diverse expertise takes time to develop
so does training individuals with different expertise to work
seamlessly together. This cannot happen without a friendly
policy environment and funding support. One option we
have successfully applied was to train a researcher to exe-
cute all the assessments, supported by a methodologist
team. To improve access, we are also in the process of
developing an on-line version of LAMP, freely available to
SMEs and researchers. Secondly, still more work needs to be
done to improve interactions with external experts and sta-
keholders, as well as to continue engagement beyond the
assessment process. Thirdly, there is a need to formalize
learning as we continue to apply the framework, which we
currently do informally by group discussions.

Finally, the transition from evidence appraisals to decision-
making remains challenging. Within LAMP, this is currently
done by facilitated discussion. Going forward, we envisage
a more transparent and accountable process which may be
achieved by incorporating decision analytic frameworks, such
as Multi-criterial Decision Analysis (MCDA). This would enable
a discussion of the underpinning values and the assessments
of how a prototype might perform on various decision criteria
[3,24,58]. We could also incorporate methods such as the
Expected Value of (Perfect) Information analysis (EV(P)I) [59]
which would inform whether or not further evidence genera-
tion is worthwhile. From a company’s point of view, this would
lend to a more systematic examination of how design itera-
tions evolve based on the multiple criteria and the decision-
making (go/no go) at each stage can be better articulated.

7.1. Five-year perspective

As digital economy gains maturity and major breakthroughs are
being made in artificial intelligence, algorithms are increasingly
incorporated into device software. This, alongside the advent of
new technologies, e.g. miniaturized sensors, phone apps, internet
of things, health-care activities are increasingly diffused, enables
unprecedented solutions to health-care challenges [60], shifting
care increasingly away from the hospitals and into communities
and patient homes [61]. These new developments present tre-
mendous opportunities for innovators as well as challenges in
regulatory, technology development, assessments, and adoption.

Firstly, the amount of available data is growing exponen-
tially [62,63]. These data, combined with artificial intelligence
and data mining techniques, already provide insights into
disease profiles, care pathways, unmet needs, patient risks,
market size, and growth. Importantly, to convert data into
outputs relevant for decision-making require expertise that is
not yet, or perhaps never will be, digitalized [64]. Such exper-
tise resides in human decision-makers. HTA experts can play
a vital role in ensuring such knowledge underpins the validity
of decision algorithms and thereby the technologies.
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Secondly, patients increasingly have to navigate different
environments, between their own homes, primary care, hospi-
tals, pharmacies, etc. Ideally, they are supported by the same
technologies recognizing the changing environments, e.g.
monitoring in a hospital environment with outputs being
read by clinical staff and monitoring post discharge at patient
home, with outputs being read by patients and carers. To
achieve this requires development of a basic prototype that
can be adapted to different contexts.

Closely related to this is integration of new technology in
terms of both functionalities and interfaces during its imple-
mentation. Technologies developed and introduced sequen-
tially, by different manufacturers, at different times seldom
work well together. Worse still, by competing for limited
attention of busy clinicians, the benefits they are designed
to deliver are being canceling out. For instance, alarm fati-
gue has become a well-known issue in a busy clinical envir-
onment. The issue is becoming acute as health-apps are
being developed at an unprecedented speed and are routi-
nely used in combination with other apps. This threatens
the fidelity of clinical guidelines which underpins standard
clinical practice. To achieve smooth integration requires
forward thinking in regulation, clinical guideline develop-
ment, and technology assessments. Assessments of ‘com-
patibility’ of a new concept with the existing clinical
environment should become an integral part of early assess-
ments, above and beyond the comparison against current
practice for establishing value. Such considerations must
also inform design of clinical studies so that relevant risks
can be measured and mitigated before introducing the
technology into the clinical practice.

Early HTAs are powerful tools that can inform design
and development of new technologies so that these chal-
lenges can be systematically considered. For instance,
a series of parallel assessments of a new digital tool can
be carried out in various environments, highlighting their
commonalities (for basic prototype) and discrepancies (for
adaptation and integration). Feasibility studies will also
include endpoints that focus on transition between various
environments after use within each context has been
tested. Such endpoints are continued to be monitored
beyond adoption and implementation to allow local adap-
tations. Early HTAs have also been used in hospital-
industry collaborations to improve procurement and local
adaptation [14,65,66]. Going forward, we envisage that
these multi-dimensional assessment frameworks, such as
LAMP, are adapted and streamlined across innovation
pathways, to enable needs idenfications and design itera-
tions in face of fundamental uncertainties [67].

Notes

1. http://htaglossary.net/health+technology+assessment+%28HTA%
29. Accessed: 29 August 2019.

2. https://iris.wpro.who.int/bitstream/handle/10,665.1/5508/
9290611863_mod2_eng.pdf.

Key Issues

● Mainstream health technology assessments (HTAs) are in-
depth and largely sequential;

● To inform product design and development at an early stage of
innovation requires evidence generation approaches that are
dynamic and iterative, in order to cope with substantial
uncertainties;

● A multi-disciplinary approach and the use of qualitative
methods, alongside quantitative modelling tools, are
being recognized as essential for early stage assessments;

● The integration of evidence into commercialization is extre-
mely challenging for innovators;

● Companies, especially small-to-medium sized, lack resources
and expertise to carry out health technology assessments on
their own;

● We developed the Lean and Agile Multi-dimensional
Process (LAMP), an early HTA framework, to operationalize
the multi-disciplinary approach. Key evidence in clinical
needs, human factors, health economics, and marketing
are generated in increasing depth to support design itera-
tions and commercial decision-making.
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