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Life science innovation has led to signiﬁcant improvements in clinical outcomes and has been a source of
ﬁnancial growth for individuals and institutions capable of performing appropriate investments in this sector.
Several groups have developed methodologies to assist medical technology innovators in the design and
development activities. Unfortunately, these tools have not aided the general investment community to proﬁt
from these enterprises. This situation has contributed to a general reduction in risk capital directed towards life
sciences compared to other industries. We review the current investment practices in the life science sector and
present a comprehensive stage-gate model that aims to captures this investment process. An analysis of best
practices and in-depth interviews with 68 life sciences investors and entrepreneurs worldwide are used to
support such model. A single case-control study comparing life science investment execution within two similar
investment ﬁrms was conducted to evaluate feasibility in the implementation of these practices. The stage-gate
model includes (I) General vision and investment strategy deﬁnition; (II) Venture search, screening and rapid
pre-evaluation; (III) Due diligence and negotiation of terms; (IV) Portfolio management, evaluation, and exit.
The diﬀerence in execution of investment and results from a post-performance Root Cause Analysis were
consistent with a reduction in perceived risk from the case company trained with the proposed model compared
to the control. This suggests that our developed model and process may be useful in encouraging life sciences
investment via evidence-based evaluations.

1. Introduction
Over the past two centuries, medical innovation has dramatically
changed the way we manage, treat and perceive disease (Brodsky,
2010). Consequently, it has been through appropriate technology
development that clinicians, engineers, and scientists have enabled
millions to live longer and, to a certain extent, healthier lives (Fuchs
and Sox, 2001; Grimes, 1993). Hundreds of biomedical advancements
have since taken the form of new procedures, compounds, tools,
policies or guidelines, many of which have even become standards of
care in the last decades (Bauchner et al., 2016; Howell, 1996).
Consequently, medical innovation has proven to be not only necessary
for society, but also an increasingly valuable economic activity (Cutler,
2007; Porter, 2010; Webster, 2002), capable of becoming an attractive
basis for ambitious businesses (Drucker, 2014).
In general, life science products such as medical devices, pharmaceuticals, biologicals and biotechnological systems are commercialized
within a highly regulated and multidisciplinary environment (Maak and
Wylie, 2016). This situation has certainly deﬁned a range of product
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development processes unique to this industry (Curfman and Redberg,
2011) ﬁelds. Among these models, the so-called Biodesign process
(Zenios et al., 2015) has become a hallmark in medical devices and life
science entrepreneurship. This process has become increasingly relevant for development teams as it presents useful strategies to guide
technical activities and milestones in the pathway to commercialization
of life-science technology, from ideation to market deployment. Consequently, Biodesign-like courses in academic and research settings are
now oﬀered more frequently than before, which has also encouraged
public and private sponsors to embrace the idea of enabling social
impact by supporting student-generated life science ventures (Asch and
Rosin, 2015; Sinha and Barry, 2011).
Despite the many positive consequences that the development of the
Biodesign process has brought to the life science innovation community, its value to inform prospective investors regarding best practices
in the selection of promising ventures is questionable. This gap is
especially apparent during evaluation of early-stage investments, where
substantial additional resources are required to complete product
development, clinical testing, regulatory approval, and commercializa-
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tion, all of which are necessary milestones to conﬁrm market potential.
Indeed, previous stage-gate models in life-sciences pertain primarily to
product development activities and do not provide enough guidance to
prospective investors on how to conduct other critical activities such as
the ﬁltering, selection, negotiation, and management of life-science
ventures. Furthermore, convenient tools to formally evaluate promising
life science investment prospects are virtually absent, and speciﬁc
guidelines to perform other important tasks such as early-stage valuations in this sector remain largely unaddressed (Girling et al., 2010).
Consequently, the process of executing private investments in the life
science sector continues to be tedious, complex and particularly
heuristic (Ioannidis, 2015a). This situation emphasizes the need for
intuitive models capable of mitigating investment risk, through the
dissemination of the general principles that deﬁne a successful life
science investment cycle.
The lack of representative models and eﬃcient risk mitigation
strategies for life science investors is a critical gap capable of negatively
impacting capital investment in this industry. For example, a recent
study evaluating US investment trends from 2010 to 2015 observed a
15.8% decline in all-stage life sciences risk capital as a percentage of
total investments, with the most signiﬁcant reduction in capital
injection being attributable to early-stage healthcare projects
(Fleming, 2015). This decrease in life sciences investment has occurred
despite a 95% increase in the total amount of venture capital injected
across all other US industries totaling $39.6 Billion in 2015. Indeed,
investment decline is usually a consequence of changes in risk perception. Several national and international metrics in medical research
conﬁrm the existence of signiﬁcant gaps that limits the translation of
scientiﬁc discovery into clinical and economic value (Moses et al.,
2015). These observations are consistent with a perception of higher
investment risk.
Considering that the investment community is currently shifting
away from life sciences to other sectors, as well as within life sciences
from early stage to late-stage investments, it is critical to understand the
root causes of these changes to implement reforms capable of reversing
it. The typical hypothesis explaining life science investment shifts
proposes that medical technology investment has just become riskier
over the years due to increased regulatory scrutiny and other market
constraints (Bergsland et al., 2014; National Venture Capital
Association, 2013). Ironically, it appears that innovation in life sciences
happens much more frequently and within a much more informed
framework than ever before (Collins, 2015; Holmes, 2016). This
situation should reduce the risk for stakeholders, suggesting that
current investment shifts are not only attributable to lack of promising
projects or stringent market hurdles, but also to a mismatch in risk
perception among investors and entrepreneurs.
The presence of numerous life-science products reaching commercial success every year shows that it is at least possible for informed
investors to proﬁt from entrepreneurship in this sector (Fernald et al.,
2015). Therefore, it is desirable to understand how these groups can
identify medical innovation with enough potential to be translated into
successful ventures. Elucidating this process is paramount to revert
declining life-science investment trends, enhancing the ability of these
companies to create value. Providing clarity in this investment process
will also help innovators account for the investor's risk while navigating
through the regulatory, reimbursement, and clinical hurdles while
keeping reasonable timelines and budgets. Here we aim to investigate
the general process of life science investment, and to propose a
simpliﬁed model to inform potential investors regarding best practices
and an eﬀective toolkit to democratize these opportunities.

April 2014 and April 2016. Selected interviewees (ages 46.6 ± 10.8
years) had at least seven years of prior experience in life science
investment activities and comprised senior professional staﬀ from angel
investment groups, venture capitalist ﬁrms and technology incubators
based in the United States, Europe, Latin America, South East Asia and
the Middle East. The interview process was conducted in agreement
with a previously reported methodology (Pietzsch et al., 2009) used to
inform medical device design and development processes, but adapted
to generate a framework useful for investors. Unstructured interviews
were the primary source of information used throughout this investigation. Despite its qualitative nature, this particular interview process was
selected to add ﬂexibility in the questioning of interviewees during the
discovery and deﬁnition of our investment model. Furthermore, an
unstructured interview format is a standard approach in the investigation of many unknown processes, which can lead to more comprehensive process descriptions than those potentially generated from structured interviews, which do not allow for clariﬁcation and additional
interrogation of interviewees. All interviews were conducted remotely
(via telecommunication) by two interviewers based in Boston MA, USA,
and Mexico City, Mexico respectively, and comments were captured
continuously during each interview session.
Apart from the previously described interview process, other experts
and key opinion leaders from relevant stakeholder groups were also
consulted during the drafting, evaluation, and reﬁnement of the
proposed investment model after interviews were already conducted.
These experts were independent of the investors and entrepreneurs
interviewed for this study and included executive personnel from earlyand late-stage life science ventures that were involved in at least one
capital investment event within the year preceding the study. Other
consulted experts included hospital administrators, physicians, regulatory strategists, reimbursement advisers, insurance representatives, as
well as managers in charge of product development, engineering,
clinical testing, manufacturing, marketing, and sales of medical devices,
pharmaceuticals, biologicals and in-vitro diagnostics. The role of these
informal consultations was to provide clariﬁcation of terms, conditions
and activities reported during interviews.
After interview responses, had been collected, all available information was analyzed to generate hypotheses regarding the underlying
activities involved in successful life sciences investment. These activities were included in our model deﬁnition and included speciﬁc
evaluation events leading to risk reduction, as well as stage gates
acting as milestones leading to investment execution. The draft model
was presented to interviewees to be revised and improved iteratively.
This methodology followed a well-established research technique
known as grounded theory building (Corbin and Strauss, 2014) that
can be used to describe complex phenomena such as investment
processes from a combination of empirical assessments (e.g. structured
or unstructured interviews) and previously available information from
literature (Pietzsch et al., 2009). A schematic showing the sequence
used in the conduction of these interviews, as well as the structure of
the initial and secondary phases of assessment is presented in Fig. 1.
Columns in Fig. 1 denote the type of interviewed investor, while rows
denote the diﬀerent rounds of interviews. Boxes and parallelograms
indicate speciﬁc activities in the interview process. Convergence in the
model was measured by a reduction in requests for change between
assessment rounds.
The sequence of tasks performed to construct, revise and reﬁne our
proposed life science investment model comprised the following
activities:
a) Initial evaluation of life sciences investment practices and available
standard operating procedures (SOPs) from eight interviewees
actively involved with angel, venture, and corporate investment
groups.
b) Identiﬁcation of functional groups of experts, advisors, and consultants involved in the evaluation of prospective investments.

2. Methods
The purpose of this study is to present a comprehensive stage-gate
model of life science investment developed through in-depth interviews
with 68 life sciences investors and entrepreneurs conducted between
15
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conducted interviews and only constitutes an auxiliary instrument
that we consider potentially valuable for new life science investors.
An example embodiment of such checklist is presented in the
supplemental material of this work, and its use and objective will
be described in further sections.
After the generation of a converged life-science investment model,
we aim to conduct a limited 12-month single case – single control study
as a proof-of-concept to test feasibility in its implementation. In this
experiment, two similar but independent investment ﬁrms located in
Mexico City were tracked to assess diﬀerences in investment behavior
when trained in our developed model. Inclusion criteria for these
investment ﬁrms comprised: 1) Conﬁrmation of the desire and capacity
to execute life sciences investments within the duration of the study,
and 2) No previous experience in life sciences investment. Exclusion
criteria included: 1) Firm's bankruptcy; 2) Conﬂict of interest in life
science venture selection; 3) Predeﬁned focus on a particular disease or
vulnerable population, and 4) Expressed desired to leave the study. The
ﬁrst two investment ﬁrms conﬁrming inclusion criteria were selected,
and a simple randomization process was conducted to select which
company would act as the case, rendering the other our “control. The
staﬀ in the case investment ﬁrm was trained through an 8-h session on
the generated life science investment model, and then followed
throughout the duration of the study to observe implementation. The
control company was not assisted nor informed of the existence of a life
sciences investment model and was only followed to throughout the
evaluation period to conﬁrm the ongoing intent of executing life
sciences investments.
3. Results
To our knowledge, the presently developed stage-gated model
constitutes the ﬁrst attempt to fully characterize the complex and often
iterative life science investment process. The presented investment
model was linearized to simplify representation and execution according to interviewee comments and suggestions. Relevant elements of this
model are further explained in following sections:

Fig. 1. (Top) Interview process used to deﬁne our proposed life-science investment
model. Columns denote interviewed investor type, while rows denote the diﬀerent phases
of the assessment. Boxes and parallelograms indicate speciﬁc activities in the interview
process. Subscripts in number of interviewees indicate investor type (a=Angel,
v=Venture, c=corporate) as well as assessment phase and round. For example, na1=7
indicates that seven angel investors were interviewed in the ﬁrst round of the secondary
assessment phase. A reduction in the percentage of interviewees requesting changes
throughout secondary assessment indicated a convergence in the model. (Bottom) Chart
of case and control ﬁrm characteristics. Both ﬁrms conﬁrmed no previous experience in
life science investment and were active investors in other sectors. A single life science
investment was executed by the case ﬁrm during the study, the control ﬁrm did not
execute any life science investment during that same period.

3.1. Stage-gate investment model
Our proposed linear model (as shown in Fig. 2) identiﬁes relevant
functional groups interacting through four major phases, separated by
three decision gates. In this model, each stage depicts a series of
essential activities performed progressively to reduce uncertainty and
risk for the prospective investor. Upper-level activities were deﬁned as
with higher priority than lower ones. The horizontal progression
represents a general timeline of a single investment cycle. The four
most important phases with their corresponding decision gates include:

c) Based on this initial assessment phase, we identiﬁed potentially
critical steps, activities, actors, and decisions involved in a single
investment cycle.
d) The preliminary life sciences investment model was drafted using
these identiﬁed elements.
e) The developed draft was presented to a total of sixty new interviewees in three independent rounds during the secondary assessment. Evaluation and reﬁned of our model were done based on
feedback from respondents, in the form of suggestions and requests
for change. Requests for minor modiﬁcations in each round were
applied continuously to be assessed by subsequent interviewees.
Major requests for change were only implemented after the conclusion of each interviewing round and upon conﬁrming consensus
among respondents. Interviewees with no comments or requests for
change were asked to conﬁrm full agreement with the presented
model. A signiﬁcant decline in the number of petitions for change
per interviewee was indicative of model convergence reaching 5%
by the end of Round 3.
f) Upon convergence and revision of the life sciences investment
process, a rapid pre-evaluation checklist was also created using
the information obtained from these interviews. The generation of
this pre-evaluation tool was not the primary objective of the

• Stage I/Gate 1: General vision and investment strategy deﬁnition.
•
•
•
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This phase concludes with the documentation of such strategy and
the formation of a life sciences advisory network to assist in the
venture evaluation process.
Stage II/Gate 2: Venture search, screening, and rapid pre-evaluation. This step culminates with a list of highly ranked life sciences
investment candidates, as well as the execution of all the agreements
necessary to perform due diligence on these companies.
Stage III/Gate 3: Due diligence and negotiation of terms. This phase
starts with the request for an investor's package for analysis and
ﬁnalizes when investment is executed on the basis of analyzed
evidence.
Stage IV: Portfolio management, evaluation, and exit. This is the
ﬁnal, but perhaps lengthier phase in the life sciences investment
cycle. It assumes control in all portfolio additions and management
using quantitative metrics to evaluate performance. This stage
concludes only after an exit event.
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Fig. 2. High-level representation of relevant phases and activities in the life-science investment process. Columns in this linearized model represent stages separated by gates. Rows
indicate functional groups and process activities. IP=Intellectual property.

search may appear daunting for many, especially when considering
the increased popularity of stealth medical research (Ioannidis, 2015b).
Fortunately, many simple and cost-eﬀective strategies can be used to
facilitate these searching activities. Such is the case of innovation
intelligence resources (e.g. Thomson Reuters's Venture Economics
database), auto-generated online news alerts (e.g. Google alerts) and
other large-scale fetching tools, all of which are increasingly used by
venture capitalist to ﬁnd suitable investment opportunities. All the
previous approaches combined with attendance to scientiﬁc conferences, business plan competitions and traditional scouting of highly
cited projects published in renowned databases or journals (i.e.
PubMed) can provide a highly informed picture of the current life
science entrepreneurship landscape without unreasonable time commitments from evaluators.

3.1.1. Strategy deﬁnition
It is highly recommended that prospective and recurring life
sciences investors unambiguously frame their investment goals, including expected ﬁnancial commitments and desired metrics to assess
portfolio performance. Such parameters may include: investment
amount, portfolio size, return on investment, the number of liquidity
events per investment cycle, exit time, the number of newly serviced
customers or patients, and the number of jobs created to mention a few
metrics. Life sciences investors are also encouraged to state their overall
vision for this investment process openly. It is not uncommon for high
net-worth individuals with limited experience in life-science investment
to push for life science investment having a target disease or vulnerable
population in mind. If not carefully structured, these paradigms could
narrow the number of assessed investment opportunities and could
ultimately limit the investor's ability to proﬁt from these activities. A
knowledgeable life sciences evaluation expert should not underestimate
the importance of tacit expectations and unformulated investment
visions, as they may become a root cause of wasted eﬀorts. High-level
assessments regarding signiﬁcant local or international gaps in healthcare access and delivery may guide the deﬁnition of promising targets
for strategic focus in each investment cycle. In any case, it must be
considered if a particular target area has been pre-selected without
analysis, or otherwise to prevent evaluation of ventures that do not ﬁt
the user's investment thesis.

3.1.3. Life sciences advisory network
Several healthcare-only incubators, consortiums, syndicates and
investment groups, usually operate under the assumption that life
sciences investment requires unique kinds of expertise to be conducted
successfully, at least compared to other less regulated industries.
Indeed, the extent of clinical, scientiﬁc, regulatory and engineering
background required to conduct accurate life sciences venture assessments may pose a challenge for less informed evaluators and small
investment groups without any Biodesign training. In many cases,
building the internal capabilities to conduct required evaluations inhouse may not be possible and can constitute a signiﬁcant barrier for
new investors trying to enter this sector. Although some expert advice is
almost always needed to reduce uncertainty to acceptable levels during
the venture selection process; in most cases, these activities happen
rather sporadically and can be performed on an ad-hoc basis by external
consultants. This situation allows for evaluations to be assisted or even
entirely conducted by an external advisory consortium or expert
network, which can be an attractive and cost-eﬀective platform to

3.1.2. Venture search
After deﬁning a proper strategic focus, proliﬁc life science investors
usually conduct quick screenings of as many suitable prospects as
possible. It suﬃces to say that many impactful and potentially
disruptive life science ventures often spun from prestigious universities
as well as medical research institutions, so collaborating with these
actors may improve the likelihood of ﬁnding attractive options to
invest. Performing a comprehensive, updated and fruitful venture
17
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quantitatively as possible, considering moderate time investments.
However, tools to assist investors in ﬁltering promising life sciences
investment prospects rapidly are virtually absent (Campbell, 2012). In
this sense, the so-called health technology assessment (HTA) (Battista,
2006) is perhaps one of the few potentially available options for
investors to perform structured life science evaluations for this purpose.
In general, the HTA process is a method capable of estimating
technological safety, clinical eﬃcacy and even market adequacy in
absolute and comparative terms, all of which is conducted in the
context of the many regulatory and reimbursement barriers for medical
products (Perry, 1999). Although HTAs are indeed valuable in a broad
range of life science evaluations, current HTA implementations are not
considered rapid assessments and require the compilations of extensive
pieces of evidence to provide useful conclusions regarding the expected
value of a particular life science technology (Khangura et al., 2014).
Furthermore, HTAs only focus on the technology itself and may not
necessarily evaluate other relevant aspects determining the success of
life science ventures. These and many other gaps in such available
evaluation tools constitutes an unforeseen barrier limiting the ability of
investors to perform rapid life science investment screenings.
Throughout our interview process, we have identiﬁed that having
access to a quick pre-evaluation tool is a highly desirable condition for
investors to facilitate venture selection and to justify any capital- or
time-intensive eﬀorts to validate promising investment opportunities.
Any potential embodiment of such tool should maintain the search
process as dynamic and as inclusive as possible while optimizing time
with the resources available to the investor. We have identiﬁed that a
useful pre-evaluation tool should meet the following criteria: 1) Can be
rapidly deﬁned and adjusted continuously; 2) Is self-explanatory and
simple to use; 3) Can be completed with public and non-conﬁdential
information; and 4) It generates a quantitative or semi-quantitative
output score that is representative of the expected value of an
investment prospect. Considering these requirements, we concluded
that a weighted closed–answer questionnaire or "checklist" would likely
be an ideal format to perform this rapid pre-evaluation. A simpliﬁed
schematic showing the process used to generate our proposed preevaluation tool is presented in Fig. 3, and an example embodiment of

meet these assessment requirements. Based on our interviews, a wellconstructed life science advisory network should comprise the following experts:

• Seasoned medical technology entrepreneurs.
• Practicing clinicians, nurses, and other medical personnel.
• Published researchers and academics actively working in the ﬁeld of
interest.
• Medical device and pharmaceutical regulatory experts.
• Reimbursement, insurance and pricing consultants.
• Government oﬃcials in local ministries of health.
• Intellectual property lawyers.
• Quality assurance specialists with experience in medical technology
development.
• Industry and manufacturing experts.
• Electrical, mechanical, chemical, biomedical and software engineers.
• Representatives from patients advocate groups.
Access to such networks can be facilitated through collaboration
with local academic institutions, incubators, research societies and
medical centers with established programs to train entrepreneurs in life
science technology development and commercialization. Several academic groups such as the Stanford Biodesign program (Brinton et al.,
2013; Yock et al., 2011), and the Johns Hopkins Center for Bioengineering Innovation and Design (Yazdi and Acharya, 2013), are but a
few of many successfully implemented programs that have developed
such networks.
3.1.4. Life sciences pre-evaluation tool
Since the identiﬁcation of a large number of well-deﬁned ventures is
usually desirable to increase the probability of executing proﬁtable
investments, the life science investor also needs to be particularly
skilled in ﬁltering down these various ﬁndings into the most promising
prospects. The use of rapid evaluations is usually the preferred method
to accomplish this ﬁltering task. Risk mitigation in this phase of the life
science process demands that investment screening gets conducted as

Fig. 3. Process used to deﬁne a rapid pre-evaluation tool for life-science investment. Biodesign and HTA elements are used to create a questionnaire. Inquiries and potential answers to
this questionnaire are categorized and weighted according to speciﬁc strategic focus and life science expertise available to the user. The preferred embodiment of this tool is a checklist
which allows for rapid quantitative analysis and comparison of evaluated investment candidates. (CDC=Centers for Disease Control and Prevention of the United States; HTA=Health
Technology Assessment; Q & A=Questions and Answers; WHO=World Health Organization; WWW=World Wide Web.).
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views, we suggest that these negotiations be conducted through a series
of short formal meetings where both parties can revise together
summaries of due diligence documents, as well as the involved parties
and potential oﬀerings. All sessions and negotiations should follow an
agenda or antecedent unless otherwise speciﬁed. Both sides should
acknowledge the importance of venture momentum and should target
closing a deal as fast as possible or otherwise should agree to promptly
refrain from continuing negotiations to focus on more compatible
opportunities for both sides.

such instrument in the supplemental material (Zenios et al., 2015).
Our life science investment pre-evaluation is intended to quantify
the degree to which a medical technology venture meets pre-deﬁned
investment criteria, guiding screening decisions using readily available
information. To generate our example tool, we have selected value
generating elements from the Biodesign process (Zenios et al., 2015)
and HTA items that are considered critical to reduce investment risk
(e.g. high clinical impact, ease of regulatory pathway, known reimbursement coding, etc.). These elements were then weighted using input
from interviewees and placed in a checklist format. In case the potential
investor wants to construct an alternative pre-evaluation tool, careful
consideration must be taken to include all desired items through
succinct inquiries ideally in a closed-answer format to ease data
collection and scoring. Also, feedback from every particular advisory
network must be taken to deﬁne these criteria, as well as weighting, and
scoring. Typical evaluation elements that are usually presented with the
highest scoring weights are: Intellectual property landscape and
Potential regulatory pathway, due to the signiﬁcant commercialization
barriers that might arise from these speciﬁc conditions. Finally, an
optional element that may be incorporated into this tool is a “gutfeeling” or “intuition” section, which could be ﬁlled by key opinion
leaders in highly speculative markets or when evaluated information
may not be reliable. Once a particular pre-evaluation format is created,
the investor should ideally freeze its design and attempt to validate it
with historical records of internal and external cases. If this validation is
conducted, an absolute threshold score can be deﬁned to ﬁlter prospects
more quickly.

3.1.8. Evaluation and exit
Assessment of portfolio performance should be done periodically
and according to the metrics deﬁned in Stage I of our stage-gate
investment model. These re-assessments can build upon previous ones
to identify continuing risks and new obstacles and are a source of
signiﬁcant insight to both investors and entrepreneurs. These assessments should be done as frequently as possible to enable prompt
corrective measures, but should never overburden the funded company
whose highest priority should be to execute value-generation activities.
Note that while there is a need for time and resource eﬃciency in all
phases of the life science investment process, it is the exit time and
conditions what truly deﬁnes investment proﬁtability. From licensing
agreements, Mergers & Acquisitions (M & A), to Initial Public Oﬀerings
(IPOs), the speciﬁc nature of these exit events is a critical point of
discussion among entrepreneurs and investors to set clear expectations
regarding timelines and proﬁtability.
3.2. Case-control study

3.1.5. Life sciences investor's package
An investor's package is a necessary and suﬃcient record generated
by a company seeking sources of funding. This package allows potential
investors to perform in-depth analyses of the technical, clinical, social
and ﬁnancial risks associated with that venture. In life science
companies this package should be ideally comprised of the documents
listed in Stage III of the Stage-gate investment model section, as shown
in Fig. 2. Innovators and entrepreneurs in the life sciences industry
should recognize the importance of this material for investors and
should prioritize its completion before seeking private investment.
Potential life sciences investors should also preemptively create required formats or an example investor's package to distribute among
promising ventures that have not yet compiled this record to assist in
the process.

After eight months of observable implementation of the proposed
model for life science investment process the trained company conﬁrmed the execution of a $250,000 investment in early-stage life
science venture developing a novel medical device. Before the end of
the 12th-month study, an additional $100,000 follow-up amount was
added to this venture totaling $350,000 (Fig. 1). Although the control
ﬁrm conﬁrmed an ongoing desire to execute a life science investment
during the same period, no investment in this sector was completed. At
the end of the study, both ﬁrms were approached to conduct a postperformance root cause analysis that could explain the observed
diﬀerences in investment execution.
3.3. Post-performance root cause analysis (RCA)

3.1.6. Due diligence
The so-called due diligence stage is perhaps the most critical and
time-consuming of all pre-investment activities in the life science
investment process. The ultimate goal of this task is to transmit an
accurate picture of the current state, as well as the future potential of
the enterprise under evaluation. Many innovators and investors may
perceive the due diligence process in life sciences as unnecessarily
lengthy or scrutinizing; nonetheless, this activity ultimately ensures
absolute clarity on the expectations from both investors and innovators
and may constitute a useful preparation for regulatory submissions and
other relevant hurdles that can determine success in private funding.
Indeed, both investors and entrepreneurs can greatly beneﬁt from
thorough due diligence, especially when areas of improvement are
outlined constructively. As with the rapid pre-evaluation tool presented
previously, ongoing consultation with a life science advisory network
becomes paramount to ensure complete understanding and accurate
evaluations of investment prospects.

Unstructured in-person interviews were carried out with the staﬀ of
both investigated investment ﬁrms to identify contributing factors and
potential root causes that could explain the observed diﬀerences in
investment execution of our single case – single control study.
Anecdotal data surrounding investment decisions during the 12-month
study period was collected in two independent sessions, one per
evaluated ﬁrm. Interviewees were asked to name factors, situations,
circumstances or conditions that contributed to the investment event or
lack thereof. Relevant characteristics of the evaluated investment ﬁrms
are included in Fig. 1. Information was analyzed to identify underlying
process and potential root causes of the event. Several limiting factors
were found to contribute to the lack of investment execution in the
control ﬁrm compared to the case, these include: 1) Absence of
standard operating procedures to quantitatively evaluate and compare
life-science investment prospects; 2) Unfamiliarity with market trends,
regulatory barriers and technical development timelines in the healthcare sector; 3) Excessive resources required to evaluate each investment
opportunity; 4) Inaccurate estimations during valuation; and 5) Failure
to eﬃciently compile accurate information regarding actual status of
technical development, clinical validation and investment needs. These
factors suggest that the availability of a life-science investment model
may provide greater certainty to investors at the moment of considering
investment opportunities. Notwithstanding these encouraging results, is

3.1.7. Negotiation of investment terms
Investment negotiation is usually conducted using term sheets,
contracts, and other legal agreements. The negotiation process in life
sciences investments is no diﬀerent from other industries, and experienced investors are likely to be familiar with it. Based on our inter19
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control. This provides a proof-of-concept in terms of model validation
and deﬁnition as it complements the fact that only the decline in
requests for change in the interview process was used as metric to
validate model convergence in the initial phases of this study. Ensuring
applicability of our proposed model to a wide range of investors is not
necessarily justiﬁable through the present investigation and would
require a larger-scale and more representative prospective study to be
concluded. Further research in this respect should include: a larger
number of interviewees, quantitative tools for information collection,
additional metrics of model convergence, and long-term follow-up or
more signiﬁcant number of investment cases to measure investment
proﬁtability in a wider set of investment conditions avoiding potential
selection bias.
Despite the many limitations of our case-control experiment,
observable diﬀerences in investment execution and the results of a
post-performance RCA are consistent with a reduction in risk perception in the trained ﬁrm using the presented life science investment
model. In addition to the core stage-gate model, we have also presented
for the ﬁrst time a rapid pre-evaluation tool, which may constitute a
valuable addition to the life sciences investor's toolkit. Care must be
taken when using this tool as weighting and formatting were deﬁned
subjectively, sand could aﬀect the validity of the obtained scores if not
adapted to the speciﬁc strategic focus and investment thesis of the user.
The availability of this simple pre-evaluation tool is a step forward in
the realization of practical guidelines to assist life science investors;
nonetheless, each user must judiciously examine it as not to acquire a
false sense of certainty during screening. While scores can be obtained
through pre-evaluation methodology, the use of these tools cannot
provide absolute certainty on long-term proﬁtability. We recommend
that the oversimpliﬁcations of any pre-evaluation tool should be
carefully reviewed, as to avoid unjustiﬁed execution or rejection of
early stage investments due to unappropriated screening. Thus, our
evaluation tool is only intended to complement the presented lifescience investment model as an evidence-based framework to improve
the yield of formally screened projects and reduce risk for life science
investors.

important to mention that a reduction in risk perception (as provided
by the use of model) is not necessarily equivalent to risk reduction,
which would require a more representative and lengthier study to
prove. Although ﬁrm selection bias, unexpressed strategic focus, and
organizational diﬀerences were identiﬁed as potential limitations in
this root cause analysis, interviews did not reﬂect diﬀerences in these
characteristics between the two evaluated investment ﬁrms.
4. Discussion
Every year, dozens of promising biomedical innovations gain
signiﬁcant media attention as research centers and private sponsors
devote considerable resources to develop this ﬁeld. Unfortunately, it is
not unusual to see such developments being incubated for decades in
academic settings through the use grants and other non-diluting
funding (Chalmers et al., 2014). Despite the undeniable value that
these sources of ﬁnancing bring to life sciences ventures, they are
ultimately unsustainable for most granting agencies, academic institutions and philanthropic organizations (Grazier and Metzler, 2016). The
nature of these funding sources and their metrics of success often
diverge from what is required for commercial success. For example,
most sources of funding in academia are designed solely to optimize
academic metrics and usually, fail to drive translation into marketready products. A rare exception is the Coulter Foundation's Translational Partnership program, which has demonstrated that early stage
investment in academic settings can lead to commercial success if
managed correctly (Pienta, 2010). This suggests that private funds in
the form of angel, seed, venture and corporate investments can be
introduced earlier in the development process to enable more life
science ventures to become valuable and sustainable businesses (Styhre,
2015). These activities; however, are only going to become attractive
for the investment community when favorable conditions exist to proﬁt
from these innovations, and when useful tools to evaluate them are
available to mitigate uncertainty and risk (Lehoux et al., 2016).
When new life science ventures do not meet investment goals, it is
often attributable to lack of value proposition, clinical validity, or
appropriate technical implementation, rather than to barriers imposed
by regulatory agencies or reimbursement hurdles (Eisenberg, 1999).
This suggests that a methodology capable of informing potential
investors on how to evaluate key entrepreneurial dimensions in life
sciences may reduce uncertainty and improve proﬁtability of earlystage venture investment in a sustainable manner. To our knowledge,
the presented stage-gate investment model constitutes one of the ﬁrst
attempts to formally understand this particular investment process,
providing simple and intuitive guidelines to execute investments in life
sciences. It must be noted that although many of the activities
considered in this model are presented sequentially, they are likely to
be conducted iteratively and potentially in a non-sequential manner.
Also, when considering this model, the potential user must recognize
some important assumptions and limitations present in this approach.
For example, our model assumes that relevant life science investment
stakeholders (e.g. entrepreneurs, regulators, investors, etc.) are aligned
in their interest of bringing useful, safe, eﬀective and aﬀordable
medical technologies to market as fast as possible (Eydelman et al.,
2016; Robinson, 2015a, 2015b). Other potential limitation was the use
of unstructured interviews to collect information and generate this
model, did not allow for a quantitative justiﬁcation regarding the
relative importance of diﬀerent stages and activities in each investment
cycle. Despite this methodological limitation in the collection of
qualitative data, the use of open questions allowed for the respondents
to provide depth in their answers choosing their words, which helped us
consider the investor's understanding and experience in this particular
investment situation.
The inclusion of a small case-control study is only intended to
demonstrate the feasibility of implementation in a single investment
ﬁrm, yielding diﬀerences in investment execution when compared to a

5. Conclusion
Life-science innovation has seen an exponential increase during the
last century, allowing tremendous social and economic change worldwide. Still, there is no scarcity of healthcare problems across populations, which not only has led to a higher demand for these products but
also to unforeseen regulatory and funding barriers for its enabling
technologies. Ensuring proﬁtability of life science investments has been
a topic of signiﬁcant discussion over the years. In this sense, the advent
of Biodesign-like training has indeed led to a higher volume of
promising life sciences ventures, a situation that should (in theory)
minimize risk for both innovators and investors alike. However, all
previously reported life science processes and models are focus
primarily on design and development activities and do not necessarily
provide useful insight to the life science investment community. This
gap negatively impacts the capacity of the wider investment community
to proﬁt from life science research development, validating the need for
tools capable of improving the investor's capacity for informed decision
making and risk mitigation in this sector. In this work, we have
introduced such a tool in the form of a stage-gate investment process
and a complementary rapid pre-evaluation format that could proof
useful in the identiﬁcation and management of promising life science
investment opportunities. We encourage others to validate and reﬁne
the ideas presented here and to provide additional tools to democratize
investment beyond the domain of niche healthcare investors, with the
shared goal of supporting life science innovation and realizing their full
potential for economic growth and social beneﬁt.

20

Technovation 62–63 (2017) 14–21

L.R. Soenksen, Y. Yazdi

org/10.1377/hlthaﬀ.2014.1051.
Fuchs, V.R., Sox, H.C., 2001. Physicians' views of the relative importance of thirty
medical innovations. Health Aﬀ. 20, 30–42. http://dx.doi.org/10.1377/hlthaﬀ.20.
5.30.
Girling, A., Young, T., Brown, C., Lilford, R., 2010. Early-stage valuation of medical
devices: the role of developmental uncertainty. Value Heal. 13, 585–591. http://dx.
doi.org/10.1111/j.1524-4733.2010.00726.x.
Grazier, K.L., Metzler, B., 2016. Health care entrepreneurship: ﬁnancing innovation. J.
Health Hum. Serv. Adm. 28, 485–503.
Grimes, D.A., 1993. Technology Follies: the Uncritical Acceptance of Medical Innovation.
J. Am. Med. Assoc. 269, 3030–3033. http://dx.doi.org/10.1001/jama.1993.
03500230112038.
Holmes, D., 2016. A new chapter in innovation. Nature 533, S54–S55. http://dx.doi.org/
10.1038/533S54a.
Howell, J.D., 1996. Technology in the hospital: transforming patient care in the early
twentieth century. Nat. Med. 2 (479–479).
Ioannidis, J.P.A., 2015a. Is it possible to recognize a major scientiﬁc discovery? JAMA
314, 1135. http://dx.doi.org/10.1001/jama.2015.9629.
Ioannidis, J.P.A., 2015b. Stealth research: is biomedical innovation happening outside the
peer-reviewed literature? JAMA 313, 663–664. http://dx.doi.org/10.1001/jama.
2014.17662.
Khangura, S., Polisena, J., Cliﬀord, T.J., Farrah, K., Kamel, C., 2014. Rapid review: an
emerging approach to evidence synthesis in health technology assessment. Int. J.
Technol. Assess. Health Care 30, 20–27. http://dx.doi.org/10.1017/
S0266462313000664.
Lehoux, P., Miller, F.A., Daudelin, G., 2016. How does venture capital operate in medical
innovation? BMJ Innov. 2, 111–117. http://dx.doi.org/10.1136/bmjinnov-2015000079.
Maak, T.G., Wylie, J.D., 2016. Medical device regulation. J. Am. Acad. Orthop. Surg. 24,
537–543. http://dx.doi.org/10.5435/JAAOS-D-15-00403.
Moses, H., Matheson, D.H.M., Cairns-Smith, S., George, B.P., Palisch, C., Dorsey, E.R.,
2015. The anatomy of medical research. J. Am. Med. Assoc. 313, 174. http://dx.doi.
org/10.1001/jama.2014.15939.
National Venture Capital Association, 2013. Patient Capital 3.0: Confronting the Crisis
and Achieving the Promise of Venture-backed Medical Innovation [WWW
Document]. NCVA. URL 〈http://www.nvca.org/index.php?option=com_
content&view=article&id=268&Itemid=103〉. (Accessed 8 January 2016).
Perry, S., 1999. Medical innovation and the critical role of health technology assessment.
J. Am. Med. Assoc. 282, 1869–1872. http://dx.doi.org/10.1001/jama.282.19.1869.
Pienta, K.J., 2010. Successfully accelerating translational research at an academic
medical center: the university of michigan-coulter translational research partnership
program. Clin. Transl. Sci. 3, 316–318. http://dx.doi.org/10.1111/j.1752-8062.
2010.00248.x.
Pietzsch, J.B., Shluzas, L.A., Paté-Cornell, M.E., Yock, P.G., Linehan, J.H., 2009. Stagegate process for the development of medical devices. J. Med. Device 3, 21004. http://
dx.doi.org/10.1115/1.3148836.
Porter, M.E., 2010. What is value in health care? N. Engl. J. Med. 363, 2477–2481. http://
dx.doi.org/10.1056/NEJMp1011024.
Robinson, J.C., 2015a. PurchaSing Medical Innovation: The Right Technology, for The
Right Patient, at The Right Price. Univ of California Press.
Robinson, J.C., 2015b. Biomedical innovation in the era of health care spending
constraints. Health Aﬀ. 34, 203–209. http://dx.doi.org/10.1377/hlthaﬀ.2014.0975.
Sinha, S.R., Barry, M., 2011. Health technologies and innovation in the global health
arena. N. Engl. J. Med. 365, 779–782. http://dx.doi.org/10.1056/NEJMp1108040.
Styhre, A., 2015. Financing Life Science Innovation, Financing Life Science Innovation.
Palgrave Macmillan, UK, London. http://dx.doi.org/10.1057/9781137392480.
Webster, A., 2002. Innovative health technologies and the social: redeﬁning health,
medicine and the body. Curr. Sociol. 50, 443–457. http://dx.doi.org/10.1177/
0011392102050003009.
Yazdi, Y., Acharya, S., 2013. A new model for graduate education and innovation in
medical technology. Ann. Biomed. Eng. 41, 1822–1833. http://dx.doi.org/10.1007/
s10439-013-0869-4.
Yock, P.G., Brinton, T.J., Zenios, S.A., 2011. Teaching biomedical technology innovation
as a discipline. Sci. Transl. Med. 3. http://dx.doi.org/10.1126/scitranslmed.
3002222.
Zenios, S., Makower, J., Yock, P., Brinton, T., Kumar, U., 2015. Biodesign: The Process of
Innovating Medical Technologies. Cambridge University Press.

Funding sources
This research did not receive any speciﬁc grant from funding
agencies in the public, commercial, or not-for-proﬁt sectors.
Acknowledgements
No acknowledgements.
Appendix A. Supporting information
Supplementary data associated with this article can be found in the
online version at doi:10.1016/j.technovation.2017.03.003.
References
Asch, D.A., Rosin, R., 2015. Innovation as discipline, not Fad. N. Engl. J. Med. 373,
592–594. http://dx.doi.org/10.1056/NEJMp1506311.
Battista, R.N., 2006. Expanding the scientiﬁc basis of health technology assessment: a
research agenda for the next decade. Int. J. Technol. Assess. Health Care 22,
275–280. http://dx.doi.org/10.1017/S0266462306051130.
Bauchner, H., Berwick, D., Fontanarosa, P.B., 2016. Innovations in health care delivery
and the future of medicine. J. Am. Med. Assoc. 315, 30. http://dx.doi.org/10.1001/
jama.2015.17452.
Bergsland, J., Elle, O.J., Fosse, E., 2014. Barriers to medical device innovation. Med.
Devices Evid. Res. 7, 205–209. http://dx.doi.org/10.2147/MDER.S43369.
Brinton, T.J., Kurihara, C.Q., Camarillo, D.B., Pietzsch, J.B., Gorodsky, J., Zenios, S.A.,
Doshi, R., Shen, C., Kumar, U.N., Mairal, A., Watkins, J., Popp, R.L., Wang, P.J.,
Makower, J., Krummel, T.M., Yock, P.G., 2013. Outcomes from a postgraduate
biomedical technology innovation training program: the ﬁrst 12 years of Stanford
biodesign. Ann. Biomed. Eng. 41, 1803–1810. http://dx.doi.org/10.1007/s10439013-0761-2.
Brodsky, I.S., 2010. The History and Future of Medical Technology. Telescope Books.
Campbell, B., 2012. How to judge the value of innovation. Br. Med. J. 344. http://dx.doi.
org/10.1136/bmj.e1457.
Chalmers, I., Bracken, M.B., Djulbegovic, B., Garattini, S., Grant, J., Gülmezoglu, A.M.,
Howells, D.W., Ioannidis, J.P.A., Oliver, S., 2014. How to increase value and reduce
waste when research priorities are set. Lancet 383, 156–165. http://dx.doi.org/10.
1016/S0140-6736(13)62229-1.
Collins, F.S., 2015. Exceptional opportunities in medical science: a view from the national
institutes of health. J. Am. Med. Assoc. 313, 131. http://dx.doi.org/10.1001/jama.
2014.16736.
Corbin, J., Strauss, A., 2014. Basics of qualitative research: techniques and procedures for
developing grounded theory. 3rd ed, Canadian Journal of University Continuing
Education. Sage Publications Inc. http://dx.doi.org/10.4135/9781452230153.
Curfman, G.D., Redberg, R.F., 2011. Medical devices – balancing regulation and
innovation. N. Engl. J. Med. 365, 975–977. http://dx.doi.org/10.1056/
NEJMp1109094.
Cutler, D.M., 2007. The lifetime costs and beneﬁts of medical technology. J. Health Econ.
26, 1081–1100. http://dx.doi.org/10.1016/j.jhealeco.2007.09.003.
Drucker, P., 2014. Entrepreneurship, Innovation, and Innovation and Entrepreneurship.
Routledge.
Eisenberg, J.M., 1999. Ten lessons for evidence-based technology assessment. J. Am.
Med. Assoc. 282, 1865–1869. http://dx.doi.org/10.1001/jama.282.19.1865.
Eydelman, M.B., Nguyen, T., Green, J.A., 2016. The US food and drug administration’s
new regulatory toolkit to bring medical device innovation back to the United States.
JAMA Ophthalmol. 134, 353–354. http://dx.doi.org/10.1001/jamaophthalmol.
2015.5943.Conﬂict.
Fernald, K., Hoeben, R., Claassen, E., 2015. Venture capitalists as gatekeepers for
biotechnological innovation. J. Commer. Biotechnol. 21, 32–41. http://dx.doi.org/
10.5912/jcb704.
Fleming, J.J., 2015. The decline of venture capital investment in early-stage life sciences
poses a challenge to continued innovation. Health Aﬀ. 34, 271–276. http://dx.doi.

21

