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Abstract
Background: The success rate of timely translation of genome-based technologies to commercially feasible
products/services with applicability in health care systems is significantly low. We identified both industry and
scientists neglect health policy aspects when commercializing their technology, more specifically, Public Health
Assessment Tools (PHAT) and early on involvement of decision makers through which market authorization and
reimbursements are dependent. While Technology Transfer (TT) aims to facilitate translation of ideas into products,
Health Technology Assessment, one component of PHAT, for example, facilitates translation of products/processes
into healthcare services and eventually comes up with recommendations for decision makers. We aim to propose
a new model of valorization to optimize integration of genome-based technologies into the healthcare system.
Methods: The method used to develop our model is an adapted version of the Fish Trap Model and the Basic
Design Cycle.
Results: We found although different, similarities exist between TT and PHAT. Realizing the potential of being
mutually beneficial justified our proposal of their relative parallel initiation. We observed that the Public Health
Genomics Wheel should be included in this relative parallel activity to ensure all societal/policy aspects are dealt
with preemptively by both stakeholders. On further analysis, we found out this whole process is dependent on the
Value of Information. As a result, we present our LAL (Learning Adapting Leveling) model which proposes, based
on market demand; TT and PHAT by consultation/bi-lateral communication should advocate for relevant
technologies. This can be achieved by public-private partnerships (PPPs). These widely defined PPPs create the
innovation network which is a developing, consultative/collaborative-networking platform between TT and PHAT.
This network has iterations and requires learning, assimilating and using knowledge developed and is called
absorption capacity. We hypothesize that the higher absorption capacity, higher success possibility. Our model
however does not address the phasing out of technology although we believe the same model can be used to
simultaneously phase out a technology.
Conclusions: This model proposes to facilitate optimization/decrease the timeframe of integration in healthcare. It
also helps industry and researchers to come to a strategic decision at an early stage, about technology being
developed thus, saving on resources, hence minimizing failures.
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Background
Over time we have seen enormous transition of genome-based/life science research from the lab to products
and technologies [1-3] on the market [3-6] as a result of
knowledge valorization and spin-offs [2,3,7,8]. This can
be attributed to the concept of translational research,
which is the effective translation of new knowledge,
mechanisms and techniques generated by advances in
basic science research into new approaches for prevention, diagnosis and treatment of disease essential for
improving health [9]. However, we notice that the timely
translation of genome-based technologies to commercially feasible products with practical applicability or
direct implementation in health care systems is quite
low [10]. This is evident by the large amount of data
present in literature [11], patents [12,13] and the market
[3,5] compared to what actually is being used in hospitals [10,14]. We identify, based on our experience as
well as derivatively, three phases of translation. The first
phase includes translation from lab to industrial application (see T1 of Khoury et al.) [15], the second phase
being from industry to market penetration [16] and the
third phase being, shift from the market to integration
in health policy (see T3 of Khoury et al.) [15]. We
believe both academia and industry focus only on one
or maximum two of the three translational phases.
In addition, methodologies in place for translation
generally focus on the first two phases or the last phase
and as per our knowledge we have not seen a combination of the three, overlaps or jumps in general. For
example, Technology Transfer (TT) mainly addresses
the first two phases mentioned above. TT is seen as an
activity of the migration of academic discoveries to useful application in the development of marketable products or processes [17]. TT can involve several steps
from organization to organization and can have separate
offices specialized in this activity. For example, universities have a TT office or valorization center responsible
for TT activities of university research. Basically, the TT
activity initiates from an invention of an innovative idea,
through the development of the idea into a pilot to the
creation of the technology based on the idea followed by
patenting the technology in question and ends after the
technology maturation process. The maturation process
involves the return on investment and exit strategy of a
company with respect to the technology concerned. A
simplistic example can be seen from Figure 1 below
[18]. TT is the most widely used activity [1] in business
development of academic research and spin-offs [19]. It
should be noted here however, TT can be considered as
an activity, methodology, tool or technique depending
on the user. However from the objective of our paper,
we will consider this as an activity.
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The most common procedures used by decision
makers (DM) and health professionals in phase three
mentioned above involve the traditional public health
evaluation instruments [20], which include Health
Needs Assessment (HNA), Health Technology Assessment (HTA) and Health Impact Assessment (HIA).
HNA is a systematic method of reviewing the health
issues facing a population, leading to agreed priorities
and resource allocation that will improve health and
reduce inequalities [20]. Correspondingly, HTA is a
multidisciplinary process that summarizes information
about the medical, social, economic and ethical issues
related to the use of a health technology in a systematic,
transparent, unbiased, robust manner. Its aim is to
inform the formulation of safe, effective, health policies
that are patient focused and seek to achieve best value
[21]. This implies to interventions as well as HTA’s
involvement in appraisals. Thus, HTA is a powerful tool
to inform policy making. According to the World
Health Organization, HIA is a combination of procedures, methods and tools by which a policy, program, or
project may be judged as to its potential effects on the
health of a population, and the distribution of those
effects within the population [22]. To summarize, HTA
evaluates the performance of health care technologies,
HIA assesses the effects of policies, programs or projects
on the population’s health and HNA identifies health
priorities for a given population [20]. For our convenience, we will use the term Public Health Assessment
Tools (PHAT) for the collective reference to HNA,
HTA and HIA in the text.
It becomes apparent from above, that the translational
phases 1-2 and 3 mentioned above are investigated by
two separate entities, namely, the academia-industry
infrastructure [23] and the governmental bodies respectively. This is the key reason why the two operate as
separate functions. While TT aims to facilitate the
translation of ideas into products, HTA for example,
assesses the translation of products and services into
healthcare. As per content, they both seem inseparable
in the order stated, however to our knowledge have
never been connected. As a result, there is a backlog of
relevant technologies to be integrated in Public Health
and healthcare in general in a timely as well as effective
and efficient manner [10,24,25]. Even by the time a
technology is introduced in the health care system, it is
in a way deemed redundant as more effective and efficient technologies become available in the market.
Redundancy is from the perspective of the potential of
existing technologies on the market compared to the
previously introduced one in the hospital. Efficiency
measures whether healthcare resources are being used
to get the best value for money [26]. Therefore,
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Programs

Figure 1 The Technology Transfer Process. The basics include the start from research and development based on market pull or push,
successfully inventing a product based on that research, patenting the product, thereby marketing and licensing and going through the
technology maturation process. Taken from the North Carolina Agricultural and Technical State University [18].

efficiency can be seen in terms of added value, speed
and cost, although costs can vary. According to
Ostrower [27], effectiveness has several varying definitions but one of the common ones used by institutions

includes the component of ‘having an impact’. On the
other hand (clinical) effectiveness is the extent to which
specific (clinical) interventions do what they are
intended to do, i.e. maintain and improve the health of
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patients securing the greatest possible health gain from
the available resources [28]. In other words, effectiveness
and also in our case, refers to the achievement of the
overall goal (the effect). We identify the non-synergy
between TT and PHAT, as the bottleneck of technological integration in the health care.
This brings in the new field of Public Health Genomics which is the responsible and effective translation of
genome-based knowledge and technologies into public
policy and health services for the benefit of population
health [29]. It is an emerging field with increased
demands of integration of genome-based innovations i.e.
genome-based knowledge and technologies, into Public
Health due to the prior’s increasing value and relevance
in the latter. Within the concept of Public Health Genomics and keeping in mind the bottleneck mentioned
above, we aim to propose a new model to facilitate
valorization of genome-based technologies into the
healthcare system in real time.
The term valorization can vary depending upon the user
(say either the economist or entrepreneur). According to
the Merriam-Webster online dictionary [30], one definition of valorize states ‘to assign value or merit to’. On the
other hand, the term valorization can be defined as the
transformation of knowledge into concrete new products,
services and processes [31]. Deriving from these two definitions and keeping in mind the definition of Public
Health Genomics, valorization in Public Health Genomics
can be seen as the ‘process of realization’ of relevant added
value ‘bioproducts’ in the domain of Public Health for
benefit of the population and healthcare systems. Here we
consider realization in terms of understanding the importance, impact or potential benefit and implementing it.
The term bioproduct may have varying definitions [32,33],
here again based on the user or source. According to the
working definition submitted to the British Columbia Bioproducts Working Group [34] with the background of
agro-forestry, bioproducts are sustainable, environmentally
friendly novel products, or products satisfying novel applications and generated from renewable (living) bioresources based on technologically advanced eco-efficient
conversion processes. Within our scope of usage focusing
on integration of genome-based technologies/life sciences
into healthcare, we define bioproducts as sustainable novel
products or products satisfying novel health applications
derived or inspired from genome-based information or
technologies. We define a product as a system, device,
technique or process or application. Genome-based technologies encompass all -omics initially deriving from the
(Human) Genome.

Methods
The methodology we used to develop the model is
based on the Basic Design Cycle [35] and the Fish Trap
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model [36] as can be seen from Figure 2 and 3 respectively. The general methodologies mentioned above are
used mainly in designing products for commercial
exploitation. In our case, the methodologies have been
adapted to fit our purpose, which can be seen in Figure
4 below. We use this adapted design technique to
address a Public Health and health policy issue, the integration of genome-based technologies into healthcare in
the concept of a new model. In the subsequent paragraphs we briefly explain the two models from which
our methodology derived from followed by the derived
methodology itself.
The Basic Design Cycle (BDC) is stated to be the most
fundamental model of designing. The intended behavior
or function of the product is the start of product design
as can be seen from Figure 2. Broad statements on the
function/properties (use) are made in order for the
designer to know what needs to be designed. In the analysis phase the problems surrounding a new product
idea are identified (also called the problem statement),
thereby criteria are formulated from general to specific
ones over iterations which the solution should satisfy.
The next step is the development of a provisional design
via the synthesis phase (combining things) [35]. This
phase is based on human creativity and is considered
the moment of externalization and description of an
idea on any form. The next phase is simulation phase
which is considered a deductive process. Simulation in
essence is forming an image of the behavior and properties of the designed product through testing, reasoning,
etc. and results in anticipation of the real properties or
conditional predictions for the new product. The next
phase is the evaluation in which the value of the design
is established. This is based on comparison of previously
mentioned set specific criteria (see Figure 2) and actual
properties in the design. The last phase is the decision
phase whether to continue or reconsider. There is the
possibility that the designer may need to return to the
analysis or synthesis with subsequent iterations and
feedback loops [35].
The Fish Trap Model (FTM) (can be considered to be
called as to catch a final solution) is a systematic process
of designing a product form. As can be seen in the Figure 3, the fish trap is illustrated in two ways, (Figure
3A) to visualize the divergence and convergence as well
as to show the occurrence of various solution types at
each level [36]. Once possible variants are created
through curiosity/possibilities, they are categorized
according to solution type. Thereafter, one or more variants are chosen to be developed into a concept which
indicates a specific solution type. Again, from here more
concrete solutions are derived from the chosen variants
thus diverging again. This narrows down to one or few
options to go forth with [36].
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Synthesis

Provisional design

Simulation

Expected properties

Evaluation

Value of the design

Decision

Approved design
Figure 2 The basic design cycle. The most basic design
methodology used. All design problems have one way or the other
went through this design directly/indirectly. See text for description.
Taken from Roozenburg et al. [35].
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As can be seen from Figure 3B, the FTM is represented in a step by step or phase format. Since the
model pushes the designer to discover alternatives on 3
levels, namely topological, typological and morphological, it is considered a systematic process as can be seen
in the figure. Following step by step Figure 3B, in order
to develop the ‘structural concept’ the ‘basic structure’
functional components need to be defined in advance
through ‘visualization of context’. One can develop or
‘generate’ multiple variants with these components that
may differ in their respective spatial placement. These
divergent are then clustered (convergence) or ‘categorize’ and a representative variant are selected to be developed into a ‘structural concept’. Again, selection of
these structural concepts will be based on evaluation
criteria and need to be put into context. For the development of a ‘formal concept’, one or more structural
concepts are taken [36]. From these selected structural
concepts, geometric constructions via sketching are
made leading to different classes of form (generate step).
These sketches are evaluated based on their viability and
categorized into groups based on form, and improvements can be still made and evaluated. Thereafter, promising candidates are further developed into one or
more ‘formal concepts’. Similar to above, further materialization of one or more formal concepts is done with a
diverging exploration process again looking at a detailed
level at the solution [36].
Our methodology was adapted from the above two
mentioned models. As can be seen in Figure 4 the first
phase is the problem phase derived from the concept of
the ‘problem statement’ of the analysis phase of the
Basic Design Cycle (BDC). In our model the problem
phase includes both stating the problem (statement) of
the BDC as well as identification of the intended behavior or function of the product which in our case is a
framework. This phase not only deals with identifying
the problem which needs to be solved but as well as
understanding it. As a result the intended function of
the final solution is cleared from the beginning.
The next step in our methodology is the analysis
phase which is derived partly from the remainder of the
analysis phase in the BDC and the structural concept
phase of the Fish Trap Model (FTM). From the latter,
the basic functional components are taken into our analysis phase. In other words, we look at the problem and
its potential components and factors in more detail and
analyze the data. Additionally, from the BDC concept,
our analysis phase also includes developing criteria for
the analysis and can include possible iterations and
feedback.
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A

B
Visualization of context

Basic structure

Basic structure
Generate
Alternatives on topological level

Type Sa

Categorize

Type Sb

Structural concept

Criteria

Generate
Alternatives on typological level
Type Fa

Categorize

Type Fa

Formal concept

Criteria

Generate

Alternatives on typological level
Type M
Categorize
Material concept

Criteria

Figure 3 The fish trap model. (A) The convergence-divergence illustration. ‘Sa and Sb’ refer to structural concept a and structural concept b
respectively. Similarly, ‘Fa and Fb’ refer to formal concept a and formal concept b respectively. ‘M’ refers to material concept. (B) the phase or
step-wise illustration of the fish trap model. See text for description. Taken from the Delft Design guide [36].

As a result of the analysis phase several options are
generated/developed to go forward with, which we call
the idea phase and is the next step in our methodology.
The components of this phase are derived from the
synthesis phase of the BDC which is based on human
creativity (and describes the idea on any form) and the
divergence concept (several possibilities) of the FTM.
Also, from the FTM, the basic functional components
previously defined in our analysis phase are developed
into multiple variants and clustered forming a structural
concept. This step is considered the externalization of
several relevant ideas.
The concept phase is the follow-up step of the idea
phase in our methodology and is based on the

simulation step of the BDC to develop the provisional
design and is a deductive process as one or more
options are chosen from a list (in the idea phase) based
on the context it can solve. Also, the concept phase
influentially derives from the formal concept step of the
FTM which include assessing one or more structural
concepts from our idea phase as well as geometric
sketches. From these sketches through iterations and
feedback loops one final version is selected.
The above mentioned steps in our adapted methodology (see Figure 4) in line with the BDC and the FTM,
initially quantify the data down to a single qualitative
product or in our case, a model. This is achieved
through iterations and feedback loop which include
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Problem Phase

Analysis Phase

Qualitative

Idea Phase
Diverge
Concept Phase

Possibilities
Converge

Feedback loop

Quantitative

Materialization Phase

Evaluation Phase

Figure 4 The methodology: adapted from the Fish Trap Model and the Basic Design Cycle. The first phase is called the ‘Problem phase’.
This phase deals with identifying the problem, which needs to be solved, and understanding it. The next phase is the ‘Analysis phase’. In this
phase we look at the problem in detail and analyze relevant data per se. Next comes the ‘Idea phase’. This phase derives possible solutions
based on the analysis phase coming up with the possible options, directions or ideas to proceed with and can overlap with the analysis phase.
Following the idea phase is the ‘Concept Phase’. From the list of options generated, based on merits, one or few are selected to work on further
detail or conceptualize it. Thereafter the conceptualization, the product is materialized or brought forth and implemented. This is followed by
the evaluation of the product. The whole process can have iterations and moves from a large set of options and narrows down to a single idea
to be implemented. Adapted from the Basic Design Cycle [35] and the Fish Trap Model [36].

diverging and converging of data or components. In
other words development initiates with several ideas and
through the process and feasibility analysis narrows
down from a quantity of data to one final option good
in quality. The scope of our methodology includes and
ends at the concept phase since based on the fact the
model we propose is a theoretical framework. Nonetheless, validation or proof of principle and evaluation are
logically the next steps although not within the scope of
this paper. Therefore we keep these two points in the
to-be final two steps of our methodology mentioned
below.
Materialization phase will be the next step of our
methodology although not utilized in the paper. This is
derived directly from the materialization phase of the
FTM and may include diverging exploration if necessary. The implementation of the product or in our case
the model/framework is considered the completion of
this phase. The final to-be phase is the evaluation phase
which is a direct derivation of the decision phase of the

BDC with a modified approach to evaluate rather than
to come to a decision. However this evaluation can lead
to further adaption of the model.

Results
On further analysis, we identified that the mainly used
activity in transfer of academic knowledge to industry/
market is TT [1,19]. On the other hand, the system
used by decision makers to come to a decision regarding
implementation of technologies in the healthcare system
are the PHAT. For simplicity, we will take one example
of the PHAT, i.e. HTA with references to other components when seemed appropriate. As known HTA is
initiated by the need and identification of technologies
which can reduce the burden of illness and through its
steps, prioritize those with importance and relevance
[37,38] and eventually come up with recommendations
for DMs. Taking into account the HTA process [37] as
can be seen in Figure 5 below, it has several steps. The
TT activity however, similar to HTA in its complexity
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of dynamic steps, varies from organization to organization. For our case we will use the simple example, given
by North Carolina Agricultural and Technical State University, [18] as shown in Figure 1 above. As we can see
from the Figures 1 and 5, there are quite some similarities or overlaps between the two different approaches as
well as per definitions of the two seem inseparable in
the order stated.
However, after comparing Figure 1 and 5 above, it
seems that TT should move in parallel with HTA rather
than one after the other. Below are suggested relations
between the two:
1. HNA/HTA initiates with the identification of current health needs and prioritizes accordingly. On the
other hand, TT, kick-starts with research and development, which in part is motivated by the current
needs in the market (market pull) or creates a need
based on scientific data (market push). It should be
noted here that literature suggests a significantly
large amount of scientific data relevant and applicable to health [11] which is not implemented in the
same [10], therefore justifies market push in health
and medicine. The key word here being ‘need’ is the
common ground of motivation for both TT and

1. Do health needs
assessment
2. Prioritize health
needs

8. Literature search
9. Synthesis of data
analysis,
evaluation

HNA/HTA initiation, suggesting the reason for both
of them to start in parallel unlike what their respective definitions suggestion of one after the other. In
other words, HNA and HTA identify the gaps in the
needs of healthcare technology and its subsequent
requirement of investigation respectively, and TT
capitalizes on this need.
2. It should be stressed that consultation with external experts form a core component of HTA during
the prioritizing of relevant technologies. Generally
speaking, experts in the field develop the technology
in the TT process, and with regard to medical technologies, take feedback from the end-consumers.
3. The core component of HTA is the assessment
phase (including the economic, ethical, legal and
social implications) of the technology in question
and can also include Horizon Scanning (can be considered part of HNA and early stages of HTA) [39].
Horizon Scanning is defined as a systematic process
for objectively evaluating the status of potential benefits of foreseeable technological developments based
on contemporary research and evidence [40]. It also
implies that it may be used as a type of SWOT
(Strengths, Weaknesses, Opportunities and Threats)
analysis [40]. Assessment of the feasibility of the

3. Identify
technologies
relevant to needs
4. Prioritize
technologies for
assessment

7. Define specific
research
questions

5. Identify and consult
with external
experts

6. Define assessment
objectives
Define target audience

11. Final assessment

10. Review by external
experts

Editing, formatting,
translation,
printing

12. Dissemination

Figure 5 A general outline of the HTA procedure. The picture displays how HTA investigation initiates and the different steps involved
followed by dissemination or recommendation to Government officials, for example whether or not to go forward with the technology in
question in health policy implementation. Taken from the Canadian Coordinating Office for HTA [37].
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invented technology is a given in TT before patenting or placing it in the market and this generally
includes SWOT analysis. This also brings forth the
HIA, where the impact of potential technology to be
used is assessed, which also related to the TT’s strategy before introducing the technology concerned in
the market. It seems logical that TT should encompass Horizon Scanning within the aspect of HNA
and HTA.
4. Another point is that both fields identify related
stakeholders during the process.
It is not of the reasons above that the two (PHAT and
TT) should start off together. Rather the essence of the
story lies in the fact that both separate fields can and
should benefit from each other and en-route streamline
the integration process in order to properly address the
whole innovation pipeline. Based on the authors’ experience working with, in and around the Biotech industry,
the bottleneck of technology integration is rooted in the
fact that the industry neglects the policy aspects [41]
(can include but not limited to market authorization,
reimbursement and market penetrance) of technology
which is an important factor in determining technology
use in Public Health and healthcare at the end of the
technology maturation process. Similarly, DMs only
assess existing mature technologies to cover the aspects
of current need, which results in the untimely introduction of relevant or upcoming technologies that can solve
the ‘need’ issue more effectively and efficiently. With
this flow of thought, the above mentioned points which
suggest the anonymous inter-relations between TT and
PHAT bring forth a new window of opportunity to use
these pre-existing respective setups to expand the bottleneck for sustained flow of technological integration in
the healthcare system through simultaneous initiation of
these methods rather than one after the other.
Based on the above, our model should include relative
parallel initiation of TT and PHAT with a sustainable
infrastructure or network for the two to communicate
bi-laterally and mutually benefit. On further research,
we found that the Public Health Genomics Wheel
(PHGW) [42], which describes Public Health components or areas that can be addressed by genome-based
information and technologies, seems suitable to fit in
our model. Furthermore, we identified that the Value of
Information (VOI), the amount a person is willing to
pay to come to a decision on a subject [43], seems
appropriate for our model.
As a result of our investigation, we present our model
which we call the ‘LAL Model’ as can be seen in Figure
6 below and stands for ‘Learning Adapting Leveling’. As
we know, TT is driven by either market pull or market
push and PHAT is driven by market pull. A technology
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(or market) push implies that a new invention is pushed
through research and development, production and
sales functions onto the market without proper consideration of whether or not it satisfies a user need [44]. In
contrast, an innovation based upon market pull has
been developed by the research and development function in response to an identified market need [44]. Also
it is known that market push can lead to market pull
and vice-versa. It should be noted here when talking in
terms of PHAT market pull is not motivated due to
commercialization although TT may recognize it in that
way, but rather by requirement or health need. However, the (market) pull or need is the common ground
which fuels both PHAT (in particular HNA/HTA) and
TT respectively. When we talk about TT, it moves from
quantitative to qualitative output. In other words,
research and development initiates with several ideas
and through the process and feasibility analysis, quantifies down to a single qualitative product to be commercialized. This is represented in our Figure 6 as TT being
an inverse triangle. What also can be noticed is that the
TT triangle and PHAT bar are standing in parallel, with
the prior starting a bit earlier than the latter. TT identifies possibilities of commercialization via market pull/
push based on sound scientific knowledge. The initial
stages of TT start in the lab with research and development. At this stage, the research is motivated on market
dynamics and cannot clearly identify with the PHAT’s
Health Needs Assessment; hence the reason of this kind
of leveling or kick-off.
Based on the previous common grounds identified in
the two fields, the idea of cross cutting collaboration
starting from the equal leveling of PHAT and TT (as
shown in Figure 6 above) is the next step. The starting
point is market pull. Market pull/push demonstrates the
inter-dependability of new technologies of the PHAT
pipeline (in particular HNA and HTA) with TT activity.
TT should work two-fold, using its traditional ‘opportunity identifying’ needs methodology fuelled by market
demand and bi-lateral communication through evidence-based advocating for relevant (or upcoming) technologies in its activity with the PHAT organizations and
DMs. This can be made possible through public-private
partnerships (PPP). According to Laane et al. [45], academics, industry (in our case the academic-industrial
complex) [23] and government join forces in PPPs to
translate basic science into marketable applications with
social and economic value. These PPPs can take different forms as it can be on a one-on-one basis or it can
involve multiple parties (large to small medium enterprises) or universities to (semi) public or private
research organizations and/or involve charities and government. Laane et al. [45] further states that PPPs can
have physical locations or be virtual (with researchers
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Relevance

Absorption
Capacity

Value of Information
Assurance

Market Push

TT
Assessment

Lobbying

P
DM

Policy

PPP

Development

H
A
T
Market Pull
Public Health Genomics Wheel
Processing

Innovation Network

Exclusivity

Figure 6 The LAL Model: Learning Adapting Leveling. The model’s core consists of two components, the TT activity and the PHAT process
(used by DMs). This model proposes bi-lateral communication, collaboration and advocating for relevant technologies during and between the
(early-mid) TT activity and PHAT process both of which are driven by market pull/push (common denominator). This is achieved possibly
through PPPs. The two components/entities (TT & PHAT) use the PHGW as a reference point to see that all policy and societal aspects are
covered. This ongoing interaction through PPPs develops the innovation network for the current and future collaborations which is a network or
platform through which common goals can be achieved. This innovation network is dependent on the VOI, i.e. the actual relevance (including
added value) of the technology in question, the exclusivity (patent, license, etc.) of the technology to be integrated including possible hindering
factors as a result, and the processing ability or understandability of user (say health professional or doctor, etc.) with respect to the technology
and its impact. Over the process, the two core components (TT and PHAT), learn and adapt from each other within the innovation network and
level out differences in approach and concept through PPPs (in essence learning-adapting-leveling) through feedback loops and iterations. This
can be achieved over multiple or repetitive PPPs. Each network has a threshold of optimal capacity for such a learning curve, which we call the
absorption capacity. The model indicates the right balance between profit and timely interventions.

from different organizations/locations) or it can be
entirely different. PPPs are considered to be collaborative (partners work together contributing knowledge/
resources), precompetitive (exclusivity not an issue in
collaboration) and they are partnerships in which the
risks/rewards, funding and intellectual properties are
shared. PPPs are supposed to:
i. Bridge the gap between the academic-industrial
complex and policy makers
ii. Pool knowledge and resources

iii. Catalyze innovation through translational
research
iv. Transmit momentum and gear social/market pull
to technology push
v. Multiple investments
vi. Align academic-industrial research agendas with
social priorities
vii. Concentrate focus and mass on areas of social
priority in which the parties are strong
viii. Increase social and economic returns of basic
research
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In our case PPPs also involve consultation.
The industry should get involved in the subsequent
steps of PHAT, including identifying the current and
potential future needs, assessment, impact and prioritizing among others and should involve a feedback loop
with communication two-way. This is a good strategy to
ensure flexibility and adaptability by both parties leading
to higher chances of success both commercially and policy-wise which is principle of communicating vessels.
For example, the health/market need and technology
could be identified by the industry and possibly via consultation with the end users and DMs (say HNA). After
initial research and development, the industry can
approach the HTA professionals and DMs with their
proposal to fulfill the need and collaborate through the
HTA steps and vice versa. This also includes the assessment of the impact the technology will have on society
(HIA) in mutual collaboration. In hindsight, this can
help covering areas critically ignored by both, the industry and the health care system.
This combination brings into the picture the PHGW,
which demonstrates the integration process of Genomics
into Public Health and healthcare in general [42]. Beskow et al. [42] divides Public Health tasks within three
key domains of Public Health (Genomics), viz., Assessment, Policy Development and Assurance. The industry
and DMs should systematically and in parallel go
through these domains at an early stage within our
model and integrate it in their respective strategies of
product development and development of evidencebased guidelines. This is in addition to the TT and
PHAT inter-dependability, to ensure areas to be covered
or gaps are not neglected in their technology development and policy respectively. Thus all critical economic,
policy and societal aspects are dealt with pre-emptively
which are generally put aside. As a result, the timely as
well as effective and efficient transition of relevant technological integration in policy and the health care system can be ensured.
As a consequence of these interactions and setups
being developed, it is important that a sustainable infrastructure is in place which can accommodate these
interactions since the major component of our strategy
involves complex communication. Furthermore, the stakeholders involved should use the concept of this infrastructure to push forward their respective agendas
within our ‘LAL Model’. Keeping in mind this infrastructure, our model proposes to use/develop and gives
rise to the (innovation) network which is an evolving
mutual dependency system based on resource relationships in which their systemic character is the outcome
of interactions, processes, procedures and institutionalization. Activities within such a network involve the
creation, combination, exchange, transformation,
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absorption and exploitation of resources within a wide
range of formal and informal relationships [46,47]. This
network is dependent on the VOI (Value of Information). VOI is the maximum price one should pay for
knowing the actual value of an uncertainty before deciding on a course of action [43] (see legend of Figure 6).
In our case this can be a technology or technique in
question to be integrated in health policy and healthcare. According to Oestreich [43] and adapted to our
model, the VOI is dependent on three factors, namely
relevance to the consumer, processing ability of the current infrastructure (the innovation network-developed
through PPP between the academic-industrial complex
and government, to understand say its clinical utility or
utility in healthcare) and exclusivity to the provider
(patent for example). This is a learning process with
continued iterations and feedback loops, and requires
the ability to learn, assimilate and use knowledge developed elsewhere through a process that involves substantial investments especially of an intangible nature and is
called the absorption capacity [47,48].

Discussion
Based on our model, we believe the higher the absorption capacity, the higher the possibility of success as can
be seen from Figure 7A below. The y-axis represents
the progress and development of the innovation network. The numbers on this axis are percentage units of
the expansion of the innovation network with 0.1 being
10% and 0.8 being 80%. The x-axis represents time in
years which corresponds to the timeline of the TT activity. This graph in ideal situations corresponds with the
development of upcoming or new technologies. With
regard to relevant technologies already in the market,
the same can apply, however the years may be shorter.
The gradient represents the absorption capacity, which
in our case is the function of the innovation network
with respect to time which in turn in dependent on the
VOI. The threshold or optimal possibility of the absorption capacity is marked at 80% in (say) 5 years. It can
also be noticed that the absorption capacity gradient
does not start at year 0 but rather a bit later. As earlier
mentioned, the initial stages of TT start in the lab with
research and development and the research is motivated
on market dynamics and cannot clearly identify with the
PHAT’s Health Needs Assessment, which in turn is the
necessary partner (HTA) of TT, required for the expansion of the innovation network. Therefore progression
cannot start at this stage. After this step, within the TT
pipeline, the innovation network becomes activated.
Below is the proposed idea of the progression:
1. Identification of the health need (market pull/
push) by industry and subsequent research and
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Figure 7 Absorption Capacity as a function of the innovation network and time. A hypothetical schematic representation from top
counter-clockwise of achieving threshold capacity for technological integration in (A) ideal circumstances, (B) for a newly introduced technology
in a non-existing innovation network with the network development hindered through bureaucracy and skepticism of the new infrastructure, (C)
of an already tested innovation network moving through a 2nd round of new technological introduction.

development. We mark this as 0% innovation
network.
2. After initial research and development, contact is
made with the relevant authorities in HNA/HTA
and policy. We consider this 10% development of
the innovation network, which starts from 0%.
3. A proposal is developed either jointly (PHAT and
industry) or individually (say academia-industry) and
it is advocated. Networking is the key here. We consider this 20% development of the innovation
network.
4. Initiation of PPP of the industry with policy
through the PHAT authorities. Partnership can be in
terms of collaborations, knowledge sharing, joint
investigations, etc. This is a major milestone; therefore we consider this 40% capacity of the innovation
network.

5. Over time the innovation network is developed
and expanded as the industry collaborates with decision-makers through the process of the PHAT and
TT activity pipelines which can look like a pseudomerger. We consider this 60% network capacity.
6. Finally, the innovation network has matured
enough to integrate relevant technologies into
healthcare systems and policy in real time as a consequence and evaluate the impact using HIA. We
believe the innovation network at 80% functionality
and are considered the threshold of the absorption
capacity of this apparatus.
The steps take into consideration the PHGW. The
value of 1.0 or 100% seems not feasible as this is a
learning process and there will be always room for
improvement apart from the fact that there will be
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always unforeseen internal and external developments.
This example shows emerging technology integration
via the development from a non-existent innovation network being expanded. The remaining 20% is an ongoing
process with feedback loops, within the already now
developed innovation network (above 6 steps) for more
new or relevant technology integration; thus having a
dynamic absorption capacity. This would be considered
ideal in the development of the innovation network;
however, depending on the technology to be integrated
[49] the graph can and will be represented differently
for different people/organizations over time as shown in
Figure 7B and 7C below.
The involvement of various stakeholders is an essential in order for this model to work. Ideally, government
driven regulatory requirements would greatly benefit the
model by stimulating the adoption of the model for the
right reasons. PPPs, for example, act as a cog in the larger innovation system conveying momentum from one
part to the other and are best if the push is from technology and the pull is from social and market demand
[45]. As of now the right level of intervention settings
and involvement is not ideal. Currently, it is up to the
industry to voluntarily advocate and/or implement the
model in their settings to benefit. In the process, and as
the model indicates, PPPs will bolster the involvement
and perhaps future government driven regulatory
requirements. Likewise, if decision makers identify the
benefits of this model they can voluntarily indicate it to
the industry to follow suit. Either way, in realistic setting, one core stakeholder has to take the initiative to
kick-start the framework. The core stakeholders to initiate the model are basically the industry (including scientists in other settings) and government decision-makers
including PHAT professionals. Other important stakeholders to sustain the process are the patient groups,
hospitals and health professionals (including doctors).
It should be emphasized here that since this process
involves advocating and PPP, the model’s ultimate goal
is to benefit the end-consumer, the patient, in a timely
and effective manner, and in the process stopping the
rightful profit backlog of relevant or upcoming technologies that generally do not reach the patient. As earlier
stated, this is dependent on the relevance to the endconsumer combined with the processing ability of the
information generated through PPP with exclusivity to
the provider. For industry, profit is primary motivation
behind innovation research in medicine or healthcare in
general. This is not wrong as long as the health of the
patient is not compromised through misguided facts of
(ir)relevant technologies diffused into the health care
apparatus thus affecting the policy-making as a whole.
This may or may not arise from market push. In order
to avoid this, the industry is encouraged to consider
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ethical behavior when embarking in this model. To keep
this in check, HTA professionals and DMs should
always have a third advisor. The first being industry,
second being the HTA experts and their sources (neutral or evidence-based recommendations), and the third
being a combination of neutral external experts, healthcare providers (e.g. doctors) and patient interest groups.
The reason to keep it in this order of recommendations
is to encourage the pseudo-merger of TT and PHAT.
The industry can advocate for relevant or upcoming
technologies in its pipeline based on sound scientific
data and health needs through consultation with doctors
and patients, in the PHAT pipeline. As a result, the
industry needs to positively influence the DMs and
HTA professionals to push forward the correct agenda
for timely interventions. This can be possible if the
industry communicates with the PHAT professionals
evidently, hence the first opinion. However, the PHAT
infrastructure should not compromise its own recommendation. The third opinion(s) being the most important and the motivation of the target group is selfexplanatory as it is the patient group and they aim for
improving quality of life through improving health and
reducing burden of disease.
As a result, the model promotes an ethical balance
between profit and improving health through timely and
effective interventions. It should be noted here, however,
the classical PHAT apparatus or methodology needs to
be compatible with the current trends which is not the
case at the moment. Although revised versions of HTA
like ‘core HTA’ [50] have been established, nonetheless,
they have not proven sufficient enough to solve current
issues. Therefore, a more innovative approach [51] compatible with our model is required, which will be our
next step of investigation. Also TT may need to adapt
to HTA as well. However, this is within the concept of
innovation networks.
A possible limitation of the model may or may not
include its lack of addressing the phasing out of an
obsolete technology. Depending upon the stakeholder
this may be of importance. Phasing out a no longer
required technology may not be of concern for an
industrial player looking to capitalize on the market
with their new technology and seems to be the general
perception based on the authors’ experience. A very
simple example can be microarrays. To our knowledge
we have never seen a microarray company phasing out
its previous best seller over a newer version (although
they phase out the production internally depending
upon demand). Rather they simultaneously sell both
until the older version fades away. Reason being at the
end of the day it boils down the amount of sales. This
phasing out of obsolete technologies rather falls on the
ears on hospital management, policy makers among
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others. For them phasing out is equally important as
phasing in a new technology. On the other hand it can
be argued that industry should pay to a certain extent
attention on phasing out obsolete technology parallel to
their diffusion of own technologies. This can probably
ensure a smooth integration process in healthcare as it
will develop a good case for integration of emerging
technologies in the healthcare and policy. Our LAL
model itself does not address this important issue rather
focuses on the phasing in or diffusion of a new technology in healthcare and policy. Nonetheless, our hypotheses is that the same model framework could be used
simultaneously while phasing in a new technology, to
phase-out an obsolete version, but still has to be experimented, which is like-wise for the phasing in concept
itself.

Conclusions
The LAL model proposes to facilitate and/or speed the
valorization process of new and relevant technologies
within healthcare systems with less chances of failure
through early on involvement of stakeholders (within
TT and PHAT). The aforementioned early on involvement of stakeholders can help the industry to come to
an advance decision whether or not to continue with
the developing/emerging technology or consider upgrading it before introducing it in the market. This can be
based on for example the technology’s clinical utility (is
a measure of the health care value provided by the technology) [52] among others (HTA, etc.) thus saving on
resources. Our model has potential to guide valorization
in context with integration in health policy and healthcare systems resulting in the timely as well as effective
and efficient introduction of relevant genome-based
technologies.
Valorization generally neglects the policy side, hence
the generally fewer successes of investments by Venture
Capitalists in business models targeting healthcare. This
new model proposes to bring in fresh components to
the valorization process of scientific breakthroughs not
only to the bedside but also to the healthcare system as
a whole; thus making the process more efficient in realtime, by solving the backlog of relevant technologies in
healthcare before they become out-dated due to introduction of upgraded or newer technologies. The added
value of this model is that it brings together, as per our
knowledge for the first time, two separate entities (TT
and PHAT) to early on involvement. As a result this
can benefit both health care policy and industrial profit.
It encourages a large amount of networking and communication with relevant stakeholders in order to be
successful, demonstrates the inter-dependability and
parallel initiation of policy and technological innovation.
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This network builds on the ongoing absorption capacity
of the apparatus through an ethical balance between
profit and timely interventions for the benefit of the
population health. In simplistic terms it is a process of
‘Learning, Adapting and Leveling’, which in essence is
the LAL model.
List of Abbreviations
BDC: Basic Design Cycle; DM: Decision Makers; FTM: Fish Trap Model; HIA:
Health Impact Assessment; HNA: Health Needs Assessment; HTA: Health
Technology Assessment; LAL: Learning Adapting Leveling; PHAT: Public
Health Assessment Tools; PHGW: Public Health Genomics Wheel; PPP: Public
Private Partnership; SWOT: Strengths Weaknesses Opportunities Threats; TT:
Technology Transfer; VOI: Value of Information.
Acknowledgements
This project is supported by a grant from the European Commission PHGEN
II (Duration period: June, 2009-May 2012 EU-Project No. 20081302). This work
is also supported by the Canadian Institutes for Health Research (CIHR), CIHR
Institute of Genetics, the CIHR Institute of Health Services and Policy
Research through a grant (no. ETG92250) to the APOGEE-Net/CanGèneTest
Research and Knowledge Network on Genetic Services and Policy. We also
like to extend our thanks to the research schools CAPHRI (program Public
Health Genomics) and GROW of the Faculty of Health, Medicine and Life
Sciences of Maastricht University for supporting this research.
Author details
1
Institute for Public Health Genomics, Department of Genetics & Cell Biology,
CAPHRI, Faculty of Health, Medicine and Life Sciences, Maastricht University,
Universiteitssingel 5, 6229 ES Maastricht, The Netherlands. 2Laboratory of
Immunogenetics, Department of Pathology, VU University Medical Centre,
De Boelelaan 1117, 1081 HV Amsterdam, The Netherlands. 3Institute for
Public Health Genomics, Department of Genetics & Cell Biology, Research
Institutes CAPHRI and GROW, Faculty of Health, Medicine and Life Sciences,
Maastricht University, Universiteitssingel 5, 6229 ES Maastricht, The
Netherlands.
Authors’ contributions
JAL conceived and developed the LAL model with critical input and review
from TSIDB, SAM and AB. All authors read and approved the final
manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 16 August 2011 Accepted: 5 December 2011
Published: 5 December 2011
References
1. Business Insights: Trends in Biotechnology Technology Transfer to 2014Deal volume has doubled since 2008. [http://www.reports-research.com/
168/d/2011/02/14/business-insights-trends-in-biotechnology-technologytransfer-to-2014-deal-volume-has-doubled-sin/].
2. Byrd CA: Profile of Spin-off Firms in the Biotechnology Sector: Results
from the Biotechnology use and Development Survey-1999. Business
Special Surveys and Technology Statistics Division Working Papers Statistics
Canada; 2002.
3. Strength and Opportunity The landscape of the medical technology,
medical biotechnology and industrial biotechnology sectors in the UK.
HM Government; 2009, 11-12, 28, 34, 38, 40.
4. Maggon K: Global Biotechnology Market Intelligence Monograph. Knol
Publishing Guild;, 32 2011.
5. US Biotech Market Analysis. RNCOS Industry Research Solutions; 2010.
6. Bercowitz SF: Biotech made easy.[http://www.mnn.com/green-tech/
research-innovations/stories/biotech-made-easy].
7. Ukropcova D, Sturdik E: Biotechnology commercialization in the world.
Acta Chimica Slovava 2011, 4:115-125.

Lal et al. Journal of Translational Medicine 2011, 9:207
http://www.translational-medicine.com/content/9/1/207

8.

9.
10.
11.
12.
13.
14.
15.

16.
17.
18.
19.

20.

21.
22.

23.

24.

25.
26.

27.
28.
29.

30.
31.

32.
33.

34.

35.
36.

Niosi J, Banik M: The evolution and performance of biotechnology
regional systems of innovations. Cambridge Journal of Economics 2005,
29:343-357.
Fontanarosa PB, DeAngelis CD: Basic science and translational research in
JAMA. JAMA 2002, 287:1728.
Berwick DM: Disseminating Innovations in Health Care. JAMA 2003,
289:1969-1970.
Peng W: Trends in the biotech literature 2009. Nature Biotechnology 2010,
28:887.
Snyder M, Cook-Deegan B: DNA Patent Database Statistics: 2010. DNA
Patent Database; 2011.
Catalogue of Biotechnology Patents in the Mercosur. BIOTECHSUR; 2008.
Murtagh J, Foerster V: Managing Technology Diffusion-Discussion Paper.
Canadian Agency for Drugs and Technologies in Health; 2009, 4, 7-8, 10.
Khoury MJ, Gwinn M, Yoon PW, Dowling N, Moore CA, Bradley L: The
continuum of translation research in genomic medicine: how can we
accelerate the appropriate integration of human genome discoveries
into health care and disease prevention. Genetics in Medicine 2007, 9:665.
Copple RF, Wellons HB: Evolution of a Bio-Product. Corporate Counsel
2008, 65-66.
Mullins B, Crowe J: Technology Transfer: A Roadmap. College and
University Auditor 1999.
Outreach & Tech Transfer. [http://www.ncat.edu/~divofres/ott/howto.php].
Rasmussen E: The Process of New Venture Creation in a University
Setting. Accompanying measures & survival of new firms: between Darwinism
and assistance Montpellier; 2005.
Rosenköetter N, Vondeling H, Blancquaert I, Mekel OCL, Kristensen FB,
Brand A: The Contribution of Health Technology Assessment, Health
Needs Assessment, and Health Impact Assessment to the Assessment
and Translation of Technologies in the Field of Public Health Genomics.
Public Health Genomics 2011, 14:46-47.
HTA Definition. [http://www.eunethta.eu/Public/About_EUnetHTA/HTA/].
Health Impact Assessment: Main concepts and suggested approach
Gottenburg consensus paper. Brussels: European Center for Health Policy;
1999, 4.
Crow MM, Tucker C: The American research university system as
America’s de facto technology policy. Science and Public Policy 2001,
28:2-9.
McGlynn EA, Asch SM, Adams J, Keesey J, Hicks J, DeCristofaro A, Kerr EA:
The quality of health care delivered to adults in the United States. New
England Journal of Medicine 2003, 348:2643-2644.
Woolf SH: The Meaning of Translational Research and Why It Matters.
JAMA 2008, 299:211-213.
Williams A: Priority setting in public and private health care. A guide
through the ideological jungle. Journal of Health Economics 1988,
7:173-183.
Ostrower F: Foundation Effectiveness Definitions and Challenges. The
Urban Institute; 2004, 6.
Managing Clinical Effectiveness Definition. [http://www.clinicalgovernance.
scot.nhs.uk/section2/definition.asp].
Burke W, Khoury MJ, Stewart A, Zimmern RL: The path from genomebased research to population health: Development of an international
public health genomics network. Genetics in Medicine 2006, 8:453.
Valorize. [http://www.merriam-webster.com/dictionary/valorize].
Wiedhaup K, Herben C, Meijer I: Diversity. In Partners in the polder A vision
for the life sciences in the Netherlands and the role of public-private
partnerships. Edited by: Laane C, Besteman K. Roland Berger Strategy
Consultants; 2009:221.
Innovation Roadmap on Bio-based Feedstocks, Fuels and Industrial
Products. Bioproducts Canada; 2003.
Traore N: Bioproducts development by Canadian biotechnology firms:
findings from the 2001 Biotechnology use and development Survey.
Statistics Canada; 2003.
Progress report#1-Bioresources Final Research to Support Development
of an Organization to Advance and Promote British Columbia’s
Bioproducts Industry. 2005.
Roozenburg N, Eekels J: The Basic Design Cycle. Product Design:
Fundamentals and Methods 1995, 84-93.
The Fish Trap Model. In Delft Design Guide. Edited by: van Boeijen A,
Daalhuizen J. Delft: Faculty of Industrial Design; 2001:.

Page 15 of 15

37. Health Technology Assessment Process. [http://www.cgh.uottawa.ca/
WHOCC/projects/eo_toolkit/hta.htm].
38. The HTA process of DAHTA@DIMDI. [http://web.archive.org/web/
20090626065707/http://www.dimdi.de/static/en/hta/methoden/prozess/
index.htm].
39. Douw K, Vondeling H, Eskildsen D, Simpson S: Use of the Internet in
Scanning the Horizon for New and Emerging Health Technologies: A
Survey of Agencies Involved in Horizon Scanning. Journal of Medical
Internet Research 2003, 5.
40. Brown IT, Smale A, Verma A, Momandwall S: Medical technology horizon
scanning. Australasian Physical & Engineering Sciences in Medicine 2005,
28:200-201.
41. Sarewitz D, Pielke RA Jr: The neglected heart of science policy:
reconciling supply of and demand for science. Environmental Science &
Policy 2007, 5-14.
42. Beskow LM, Khoury MJ, Baker TG, Thrasher JF: The integration of
Genomics into public health research, policy and practice in the United
States. Community Genetics 2001, 4:4.
43. Oestreich T: The value of information Part 1-The Framework. Journal of
Management Excellence: The Value of Information 2010, 8-9.
44. Martin MJC: Innovations as Technological Mutations. Managing innovation
and entrepreneurship in technology-based firms John Wiley & Sons Inc.; 1994,
43.
45. Laane C, Besteman K, Dongen Bv, Vugts J: Unity. In Partners in the polder A
vision for the life sciences in the Netherlands and the role of public-private
partnerships. Edited by: Laane C, Besteman K. Roland Berger Strategy
Consultants; 2009:, 18, 39, 40.
46. Tijssen RJW: Quantitative assessment of large heterogeneous R&D
Networks: The case of process engineering in the Netherlands. Research
policy 1998, 26:792.
47. Fischer MM, Fröhlich J, Gassler H, Varga A: Innovation, Knowledge
Creation and Systems of Innovations. ERSA conference papers 2000, 5-7.
48. Cohen WM, Levinthal DA: Innovation and Learning: The two faces of R &
D. The Economic Journal 1989, 99:569-570.
49. Booth-Clibborn N, Packer C, Stevens A: Health technology diffusion rates.
Statins, coronary stents, and MRI in England. International Journal of
Technology Assessment in Health Care 2000, 16:781-786.
50. EUnetHTA WP4-Core HTA on Drug Eluting Stents. Pilot assessment
European Network for Health Technology Assessment; 2008.
51. Becla L, Lunshof JE, Gurwitz D, Schulte in den Bäumen T, Westerhoff HV,
Lange BM, Brand A: Health technology assessment in the era of
personalized health care. International Journal of Technology Assessment in
Health Care 2011, 27:118-126.
52. Clinical Utility of Personalised Medicine. National Health and Medical
Research Council; 2011, 3.
doi:10.1186/1479-5876-9-207
Cite this article as: Lal et al.: Public health and valorization of genomebased technologies: a new model. Journal of Translational Medicine 2011
9:207.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

