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ABSTRACT

This update on life science innovation extends Boni's 2018 works'2 to
include industry stakeholder expert opinion. This paper’s focus is to
address three research questions relevant to innovation within the bi-
opharmaceutical industry concerning 1) its current state, 2) challenges,
opportunities, and frameworks, and 3) existing examples in the extant
literature and practice relevant to progress and challenges. It utilizes
mixed methods involving a 1) narrative review to establish a current
understanding of the extant literature and frameworks and 2) quali-
tative interviews to coalesce themes around the core research ques-
tions. The first section summarizes current industry challenges, suc-
cesses, and best practices that support sustained and disruptive inno-
vation in the biopharma industry. It charts a brief overview of proven
models for innovation, entrepreneurial thinking, and for development
of open innovation as applied to this complex, challenging, continu-
ously evolving industry. This initial discussion advocates the pursuit of
commercialization that 1) incorporates a phased, interdisciplinary, col-
laborative approach and 2) blends the principles of business, science,
and technology through diverse, collaborative teams, networks, and
alliances. The paper transitions to a second section. This effort builds
on these concepts and provides insights and alternative perspectives
from a cohort of leading experts within the biomedical investment,
development, and commercialization space. It also illustrates and lev-
erages collective intelligence through interdisciplinary perspectives
across the life science landscape and reinforces trends for pursuing
innovation.

Keywords: Biopharma, Digital health, Entrepreneurial thinking, Inno-
vation, Life sciences, MedTech, Open innovation, Pharma 4.0, Triple
chasm
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INTRODUCTION
Healthcare globally faces many chal-
lenges. Multiple systematic shocks are driving
change in its needs and delivery. Such elements in-
clude economic, political, technological, and social
drivers. The biopharmaceutical industry is not im-
mune to these considerations, so firms must evolve
and innovate in their technological offerings, com-
mercialization processes, and business models to
survive and thrive. Hence, this paper examines the
evolution that is moving the industry into a new era.
It seeks to explore the advances in "the art" of
blending science and business through a collabora-
tive framework that leads to scalable, sustainable
innovation within this unique, challenging, and regu-
lated global industry.
The genesis for this narrative emerges from

Boni's'- 2 and U'Prichard's? foundational works, with
the latter pioneering the concept of "informed drug
discovery and commercialization" to include crea-
tive partnering of academia, emerging companies,
and pharma to accelerate the pace and success of
drug development.3 These contributions - 3 empha-
size the convergence of science with the interdisci-
plinary collaboration of diverse teams to commer-
cialize the emerging technologies associated with
the biopharmaceutical and medical device indus-
tries.l: 45
This paper’s focus is to address the following re-
search questions:
1. What is the current state of innovation within bi-

opharma?
2. What challenges, opportunities, and frame-

works exist relative to innovation2
3. What examples exist in the literature and prac-

tice to illustrate progress and challenges?
This exploration of these questions employs a mixed
methods approach, including a narrative review in-
itially and qualitative interviews of thought leaders
and practitioners subsequently.

This initial discussion supports the premise
that the successful commercialization of advances
by the biopharma industry requires a parallel, bal-
anced, and informed coupling of business and tech-
nology. It observes the accelerated evolution of "the
industry business model" through global alliances,
partnerships, and networks coupled with well-de-
veloped local ecosystems and clusters. Such conver-
gence and collaboration provide a collective intel-
ligence accelerated thru global alliances across the
value chain leading to clinical and breakthrough
technological advancements (e.g., Coronavirus Dis-
ease 2019 (COVID-19) ribonucleic acid (RNA)-
based vaccines, gene therapy, clinical progress in
rare diseases, gene editing, clustered regularly in-
terspaced short palindromic repeats (CRISPR), ro-
botics, artificial intelligence (Al), and digital
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radiology) to serve compelling and significant med-
ical needs.® However, within these times of ad-
vancement come challenges that the industry needs
to address to deliver its breakthroughs. Most nota-
bly, these relate to affordability, access, equity,
public perception, and restrictive public policy.

This paper's second part extends this discus-
sion and adds to a comprehensive collective intelli-
gence and understanding of the topic of innovation
in biopharma and the research questions posed as
part of this manuscript’s objective. Given the im-
portance of pursuing an interdisciplinary and col-
laborative approach, we include this section to pro-
vide perspectives beyond our own, including ven-
ture capital (VC), clinical development, consulting,
and commercialization. Such discussion reinforces
the power of interdisciplinary collaboration and
collective intelligence, highlights best practices, and
explores innovation challenges.

These two sections illuminate the evolving
model for biopharmaceutical innovation. Accord-
ingly, this discussion includes extant theories (or
models), a framework, and real-world perspectives
from practitioners and stakeholders in the ecosys-
tem. These considerations help chart the course for
the industry's evolution thru leveraging the techno-
logical, process, and business model innovations to
address market and societal needs. By embracing
such factors, the industry can continue to deliver ac-
cess and value to all stakeholders across the
healthcare delivery value chain.

METHODS

This paper utilizes a mixed-methods ap-
proach to address these guiding questions. Part 1
utilizes a narrative review to gather and analyze
relevant contributions that define the extant litera-
ture and frameworks applicable to biopharma in-
novation. This section elaborates on how the litera-
ture evolved and fashions a conceptual framework.

Part 2 utilizes qualitative methods. This effort
involved interviewers presenting the three core
questions to eight biopharmaceutical thought lead-
ers and practitioners (consulting, company executive
leader and investors) to gain “real world” perspec-
tives on these areas. Analysis used qualitative tech-
niques. These efforts focused on coalescing key
themes based on the three core questions and
thought leader responses. Interviewee verbatims
provide support and offer perspective from each
interviewee.

SECTION ONE - GENERAL OVERVIEW OF THE
TOPIC OF INNOVATION
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For success at the firm level, the biopharma
community recognizes and leverages the im-
portance of the broader innovation ecosystem
available for the entity to efficiently "rent" parts of
the value chain outside its boundaries. This state-
ment is consistent with the findings of the Massachu-
setts Institute of Technology’s (MIT's) Stakeholder
Framework for Building and Accelerating Innovation
Ecosystems (Budden & Murray, 2019). For innova-
tion theories, refer to the works of Christensen and
colleagues' "Disruptive Innovation" 8 and "The Inno-
vators Prescription, A Disruptive Solution for
Healthcare" 9; to Kim and Mauborgne's "Blue
Ocean Strategy" 19 and to Verganti's "Design
Driven Innovation.”’’ These contributions stand out
among the multiple overlapping innovation models
at the firm level. Design thinking is an important in-
novation approach to incorporate into these frame-
works (and is discussed later). Ulwick's "Outcome-
Driven Innovation2 views the development of
products and services in the context of filling user
needs with outcomes that incorporate products and
services that allow them to address their "jobs to be
done"13 with appropriate outcomes. Understanding
"the job" is essential to developing appropriate and
compelling solutions (i.e., products and/or ser-
vices).'213 The market is defined as the job, the ex-
ecutor(s), and the context. While other models exist,
these stand out to us "as classics”" and are well worth
studying. Technology firms and executives have ap-
plied them routinely; however, life science profes-
sionals have limited use of these approaches. Ac-
cordingly, these approaches provide a good back-
ground for technology, scientific, clinical, regula-
tory, and commercialization professionals.

More recently, Phadke and Vyakarnam'4
have offered the triple chasm model to extend
Moore and McKenna's "Crossing the Chasm" 15 and
Roger's original work on "the diffusion of innova-
tion."1417 Phadke and Vyakarnam'4 base their
model on years of research involving data from
300 firms across multiple verticals. Within this con-
struct, they observe three significant transitions that
firms need to address for commercial success with
their innovations. Chasm | involves moving from a
concept to a working prototype. Then, Chasm Il in-
volves moving from an early to a fully functional
product or service with a sustainable business
model. Finally, Chasm Il (unicorns) involves scaling
from early customers to the main body of customers.
Interestingly, the 15t working session of our annual
Biotechnology Innovation Organization (BIO) Entre-
preneurship Bootcamp used analogous descriptions
for emerging products and business models in utiliz-
ing screening metaphors for business evaluation,
characterizing the different maturity stages as

Seeking Life Science Innovation Opportunities and Beyond

Project, Product, and Platform, with the ultimate
goal of reaching the latter state.!8

These "theories" are well-stated and proven
through observations. Thus, they are statements of
causality. Scientists, technologists, and business de-
velopment specialists comprising innovation teams in
the biopharma industry are accustomed to using
"hypotheses" (in parallel with physical, biological,
and chemical principles) as guides in proceeding
through the drug development process from labor-
atory to an approved product using a “target prod-
uct profile” (TPP).'9-2!' The United States (US) Food
and Drug Administration (FDA) advocates this ap-
proach for firms to proceed through clinical testing
phases and to engage in broader adoption in the
post-approval market stage.?! In the business and
entrepreneurial world, these "theories or models"
from the literature can be useful to guide behavior
and decision-making regarding business model de-
velopment and evolution in the market.

We view these "innovation models" as lenses
through which "the world" is viewed to enable pre-
dictions, hypotheses, or forecasts to be made. How-
ever, they may also act as "blinders", limiting one's
ability to identify what might not fit into our existing
models. According to the famous statistician George
Box, "essentially, all models (theories) are wrong,
but some are useful."?2 Therefore, we recommend
using these innovation theories or principles more as
"pattern recognition methodologies" and not as rig-
orous theories, algorithms, or models that predict
physical or chemical phenomena. Box?? also ob-
served that Occam's Razor2324 guides individuals
toward the simplest description to describe the pat-
tern. When two descriptions may be used to explain
the same phenomena, the simplest generally works
best, and they are easier to understand, apply, and
validate through observations.

Concerning observation as a methodology,
Christensen and colleagues® identified and vali-
dated five components of "the innovator's DNA."
These include associative thinking, questioning, ob-
serving, experimenting, and networking. Such be-
haviors and approaches are essential to innovation
teams.

Of course, those in the biomedical space
should proceed through a parallel set of technology
and business model validations using the previously
discussed models and methods. On the biopharma
business model side, multiple stakeholders validate
product/market fit (P/MF)252, which this paper will
discuss later. These actors, or “P’s,” include patients,
providers, physicians, payers, and pariners.?” There
is a 6™ P: the public and their policy-making repre-
sentatives.5 27 Accordingly, healthcare is not "just
one customer or user profile and value proposition.”
Instead, it involves multiple value propositions and
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constraints due to the existence of these different
stakeholders.

Therefore, throughout the product develop-
ment journey, teams of scientists, entrepreneurs, and
innovators should utilize the simplest description to
achieve a minimum viable product (MVP).28 They
must also be satisfied with the ability to experiment,
recognize, and use patterns (or screens) to guide the
iterative product development/market fit at each
innovation process stage.??: 30 The lean startup
model or methodology embodies such an ap-
proach.5 2831 |t is an insightful utilization of Pop-
per's32 scientific method approach to discover
needs, solutions, and product/market fit through it-
erative experimenting and learning. Therefore, Bi-
opharma/ MedTech/Digital Health teams should be
well-versed in this methodology. The “fake it until
you make it" strategy that Carreyrou33 describes
within "the technology world" and Silicon Valley,
such as seen with Theranos, does not apply in
healthcare.34 Thus, the position that "science can be-
come a business" does exist. However, it occurs
when the principles are applied appropriately, le-
gally, and ethically thru diverse high-performance
teams and led by enlightened and ethical leader-
ship!

Identifying and recognizing patterns is a key
outcome for any of these models and approaches.
Therefore, an approach that "taps into" the collec-
tive intelligence of a diverse team is essential. Mar-
tin's "The Design of Business"35 knowledge funnel il-
lustrates this collective understanding and predicta-
bility. He framed this funnel that starts with a state
of "mystery, chaos, or lack of any explanation."35
Teams then gain clarity and understanding by pro-
ceeding down this funnel. Accompanying this effort,
they should apply Christensen and colleagues' "In-
novator's DNA" five principles of observation, ques-
tioning, experimentation, networking, and associa-
tive thinking.8 Accordingly, these teams will progress
to an understanding where some rational explana-
tions appear. This process leads to identifying pat-
terns, screens, or heuristics that can be applied to
the product or process commercialization.36-40 The
final stage of evolution occurs at the end of the fun-
nel. Further analysis leads to an outcome and po-
tentially the development of an ability to predict
outcomes accurately.33

Christensen and colleagues? focus on disrup-
tive innovation within healthcare. They frame dis-
ruptive innovation similarly where experts (e.g.,
highly trained surgeons or "drug discovery special-
ists") are required at the earliest stage since these
professionals are trained to see patterns to guide
their 'jobs to be done.? However, less trained indi-
viduals and potentially machine learning (ML) algo-
rithms (less expensive and good enough solutions for
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certain jobs) can progressively displace (or disrupt
as predictability becomes possible) these profes-
sionals.? These authors continue their narrative by
illustrating healthcare system disruptions along two
dimensions: 1) Migrate the provider: Expensive spe-
cialists 2 less skilled practitioners = self-care; and
2) Migrate the point of care for disease treatment:
Teaching hospitals = general hospitals = outpa-
tient clinics = homecare.

Thus, they observe that opportunities for in-
novation exist along both of these dimensions as
technology evolves and business models are devel-
oped and validated to exploit and deliver those
technology-based solutions.

Biopharma is now applying previously dis-
cussed innovation models, guidelines, and principles.
Such practice is leading to the emergence of oppor-
tunities originating in multiple areas. Noteworthy
examples are emerging in digital health, personal-
ized medicine, the ability to edit genes (e. g.,
CRISPR), and the use of RNA to develop vaccines
for corona virus-19 (COVID-19) (e.g., Moderna and
Pfizer/BioNTech.5 41,42 Invention and emergence of
these revolutionary technologies are "ripe for com-
mercialization" when coupled with multidisciplinary
teams "ultra-focused on the market, and investors
and executives able to manage risks to compete in
a capital-efficient mode. All of these efforts are ex-
ecuted while such firms navigate high levels of gov-
ernment involvement (e. g., regulatory approvals,
intellectual property) and negotiated reimburse-
ment for products to assure end users benefit from
these technological advances. This journey is not a
simple process to implement and manage; it also
requires leadership and collaboration of multidisci-
plinary teams located across sites across the globe
and working remotely (especially noteworthy dur-
ing COVID-19). Such efforts reflect a true demon-
stration of the power of collective intelligence and
collaboration.

BIOPHARMA INDUSTRY EVOLUTION PATHWAY

Historically, technologies ranging from small-
molecule discovery and development to the emer-
gence of biotechnology, gene-based technologies,
and currently on to the holy grail — the "ever-prom-
ised" personalized medicine — and the use of artifi-
cial intelligence (Al) have enabled the biopharma-
ceutical industry. The business model continues to
evolve parallel with the pursuit to create, deliver,
and capture value. As the industry matures, its chal-
lenges are two-fold. The first is to be technologi-
cally enabled. Next is to earn a profit (even if some
of the returns are shared with partners through the
principle of "rent sharing" through partnerships).
This mode of operation has and will remain as the

Medical Research Archives | https://esmed.org/MRA /index.php /mra/article /view /3443 4


https://esmed.org/MRA/index.php/mra/article/view/3443
https://esmed.org/MRA/mra

Medical
Research
Archives

industry evolves. Balancing risky technological ad-
vances with financial affordability and accessibility
is challenging but expensive.

The consulting firm Ernst and Young (E&Y)
provides an overview of the "state of the industry"
in its highly-read annual report.43 Its industry exam-
ination highlights three stages of business model
evolution: Pharma 1.0, Pharma 2.0, and Pharma 3.0
(and now to Pharma 4.0, as discussed below).43

In the Pharma 1.0 era, therapeutics were
generally small, organic molecules with high market
potential. The business model was termed the
"blockbuster drug" era (i.e., using the term to de-
scribe the potential "billion-dollar molecule”) that
could be used to sustain the organization across its
period of market exclusivity and, made possible
largely thru creating strong national and interna-
tional patents (and their creative extensions).43. 44

The transition to Pharma 2.0 and biotechnol-
ogy began in the 1980s, as the signals of decline in
the 1.0 era included patent cliffs, research and de-
velopment (R&D) productivity challenges, globali-
zation, pricing, reimbursement, and regulatory is-
sues (this latter driver of change persists to this
day).43 45 During this era, biotechnology began to
evolve as a science. This business segment, based
largely on venture capital (VC)-backed early-stage
companies, was much more entrepreneurial in its
approach to drug development and financing strat-
egies. "Nimble biotechs" evolved, so partnering be-
came more prevalent as the larger pharma compa-
nies and their labs found potential innovations in the
universities and national labs. Small, agile compa-
nies need funding, clinical testing abilities, and mar-
ket access. Thus, scientific advances in discovery
drove this era as the industry emerged with the ad-
vent of protein-based therapies, genomics, and as-
sociated technologies. Then there were predictions
regarding the "coming of personalized medicine,"
with the caveat emptor almost there! Nevertheless,
the life cycle for innovation in biopharma is much
longer than for technology companies — and, under-
standably, adding technology into the mix thru Al
and robotics adds even more complexity.

The next erq, in the 1990s and early 2000s-
time frame, focused on new, internally developed
technologies. However, pharma engaged these via
open innovation partnerships with emerging compa-
nies and established pharma partners.4¢ 47 Mergers
and acquisition efforts drove considerable consoli-
dation of the pharma and biotech industries. This
activity led to the era termed "biopharma," where
the larger firms can now appropriately bring both
small molecule and biotech-based products to mar-
ket to solve the healthcare problems of the world
population.48

Seeking Life Science Innovation Opportunities and Beyond

E&Y characterized the Pharma 3.0 era as
"healthy outcomes."43 This period observed a shift
from a physician and provider-centric model to one
where consumers and payers have emerged with
more power in the ecosystem. While innovation is
driven by technological evolution, adoption is con-
strained by affordability. The idea of health out-
comes focuses on wellness and prevention. Also, it
facilitates the earliest stages of personalized med-
icine to move from the innovators and early
adopters closer to mainstream markets. Glen Gio-
vannetti, one of the principal authors of E&Y's "Be-
yond Borders," observed, "in this capital-con-
strained environment, the industry can no longer af-
ford inefficiency and duplication in drug research
and development.”3 The industry must remove du-
plication, encourage pre-competitive collaboration,
pool data, and let researchers learn in real-time."43

Such principles utilizing this "outside-in" ap-
proach will be extended to include MedTech, robot-
ics, and the evolving digital medicine /health field.
Digital transformation is now accelerating and
leading to a convergence of where healthcare, tra-
ditional biopharma, and technology (the tech indus-
try) collaborate as the industry moves to a customer
and user-centric business model (i. e., Pharma
4.0).49-51

Moving to a variation on a theme, this pa-
per's primary author — an innovator, serial entre-
preneur, and professor — has experienced and ad-
vocated the use of design thinking and service de-
sign as an inherent customer (or user) centric meth-
odology. There will be many ways to incorporate
design thinking into organizational culture and in the
quest to provide an exceptional user experience for
services associated with healthcare and its delivery.
Boni and Foley's recent work52 illustrates this obser-
vation by highlighting the challenges and ap-
proaches to satisfying is industry's "multiple P's"
needs.

The biopharma industry segments alluded to
above represent a very significant part of the value
chain of the broader HealthCare industry, which in
the US accounts for more than ~$2 trillion of ex-
pense, or about 17.5% of US gross domestic prod-
uct (GDP) (and growing) according to Burns’ "The
Business of Healthcare Innovation."s3 The US contin-
ves to "lead the pack” in the race to the highest cost
of health care. Thus, cost containment, affordability,
and risk management remain ever-present chal-
lenges.

Drug/pharmaceutical  product  portfolios
change over time as needs change, patents expire,
and science evolves, leading to new solutions to dis-
eases and disorders. So, "what is coming next" be-
yond pharmaceuticals and the inevitable emer-
gence of digital health? Such innovations include: 1)
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more drug/device combinations; 2) non-hospital
based telemonitoring, telemedicine, even 'mobile
medicine'; 3) digital radiology (already here), dig-
ital pathology (emerging), virtual colonoscopies (in
development); 4) targeted diagnostics (therapeu-
tics); and 4) convergence of devices and drugs (e.g.,
stents, implants [orthopedic — spines, knees, hips]).

THE EMERGENCE OF A BROADER DIGITAL
HEALTH CONVERGENCE AND TRANSFOR-
MATION

The emergence of digital medicine (or digital
health) promises to transform and disrupt
healthcare over the next several decades. This
movement provides unique and interdisciplinary
challenges. Rising to these challenges, as Editor in
Chief of the Journal of Commercial Biotechnology,
the primary author worked with colleagues at the
University of California, San Diego (UCSD), to or-
ganize and host a symposium on emerging oppor-
tunities in Digital Health offered “digitally” in De-
cember 2021.54 This issue highlights several essen-
tial business model components discussed in this pa-
per and equally applies to innovation in cross-in-
dustry segments.

Accomplishing this digital transformation re-
quires broader cross-industry collaboration and
convergence around one common set of goals — af-
fordable and available healthcare that creates
value for all parties, including patients, providers,
physicians, payers, partners — and now — the public.
This symposium’s essential message is that the emer-
gence of digital medicine transformation will pro-
gressively transform and disrupt healthcare over
the next several decades. In the technology indus-
try, digital and mobile technology has changed our
lives over the last two decades thru the internet,
search, social media, etc. Accomplishing this trans-
formation in healthcare will require cross-industry
collaboration and convergence around a common
goal: affordable and available healthcare that
creates value for all parties (as noted in the prior
discussion).

For further information on emerging technol-
ogies, the authors encourage readers to examine
the Frost and Sullivan report55 on business model
transformation in health care and the highlights
from the 2021 UCSD Digital Health Symposium.54 A
few extracts of "what's coming next" include: 1) ro-
bots to assist autistic children; 2) drug delivery
patches, ingestible sensors and devices to assist with
medication adherence, virtual colonoscopies, ro-
botic surgeries, teleradiology/pathology, etc.); 3)
brain-computer interface applications to connect
the visually challenged = wearable electronics,
sensor fusion, energy harvesting; 4) next-generation
connected care for continuous and personalized
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care; and 5) augmented /reality-based surgery —
real-time information sharing during surgery ("eve-
rything as a service" business model, which is a take-
off from the software as a service cloud-based
model popular in the tech space).

This discussion also points to further insights
into this dynamic in articles by this paper’s lead au-
thor and colleagues (Joseph and Moehle).4¢ 56, 57
The first involves a focus on creative value sharing
along the value chain with academic and commer-
cial partners (open innovation as opposed to verti-
cal integration). This effort should employ creative
partnerships and consortia to create a networked
innovation model for creating, delivering, capturing,
and sharing value. It should leverage academia,
emerging companies, and industry to form ex-
tended teams across the value chain. Relevant ex-
amples include the fully integrated pharmaceutical
network (FIP Net) concept developed by Eli Lillys8
and the consortium approach pursued by Pure Tech
Ventures in creating the Enlight Biosciences model5°
in partnership with multiple biopharma tech compa-
nies. These examples involve the use of "stage ap-
propriate” financing vehicles for translating thru
each stage of commercialization from the labora-
tory to the clinic to commercial product (service) —
government, private equity (angel, angel consortia,
VC, and private equity), and public funding. They
use the concept of "bio-dollars" (milestone-based
payments that progress as risk is reduced along the
path to market) as an integral part of the financial
deal structure to balance risk and reward. Also,
these efforts use public-private partnerships to fi-
nance higher risk, early-stage investments and en-
hance downstream partnerships. Examples include
various ab initio formation of platform companies
utilizing breakthrough technologies by Rock Health
(e.g., Foundation Medicine)®® and the Harrington
Project that couples academic medicine to BioMotiv
to accelerate discoveries to the market leading to
breakthrough medicines.®! This innovation came by
guiding these companies thru Phases 1 and 2, facil-
itating partnerships between these emerging com-
panies upon successful completion of Phase 2, and
transitioning into the Phase 3 stage and beyond
through pharma partnership and collaboration.

Essential to this effort is developing and
growing "seasoned" management teams with ex-
pertise and network access across the value chain
to match technology with market needs. Such can
engage the utilization of virtual management teams
that can add value to a portfolio of opportunities
and with the expertise and ability to cross the "val-
ley of death" from the inspiration and ideation
phase of innovation thru the execution phase to
commercialization. This approach may require de-
veloping and adopting new management skills
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(collective intelligence) and processes to manage
these open and virtual teams that span the globe.

Another strategy involves the adoption of
networked "accelerators" to move seamlessly thru
the commercialization pathway (translational re-
search to cross multiple "valleys of death" from the
laboratory, thru clinical testing, to FDA approval
and the marketplace).4¢ Examples include Johnson
and Johnson’s Innovation’s JLabs, California Institute
for Quantitative Biosciences (QB3), and Rock
Health.

Closing this section, Boni and Moehle57 sum-
marize the following principles for startups and
emerging companies. First, operate lean and use
agile development processes. One can accomplish
this objective by keeping the cost of capital low
while addressing product/market fit and scaling
team business and technology expertise adaptively
as the market develops. Second, use creative fi-
nancing via for-profit and not-for-profit sources
and partnerships. Third, create and grow innovation
teams. This effort involves the development of col-
laborative and diverse interdisciplinary teams,
which evolve thru the commercialization phases
when scaling from startup to "platform company" to
market. However, while this piece is essential, some
of the "DNA" embedded at the earliest stages must
persist.

CONCLUDING DISCUSSION

This paper offers a "short list" that illustrates
the challenges regarding the blending of technol-
ogy and business that impacts the future of medicine
and health. Technology includes Al and machine
learning (ML), machine vision (MV), big data, robot-
ics, digital devices, and low-cost genomics. On the
biotechnology side, we would include synthetic biol-
ogy, gene editing, CRISPR, regenerative medicine,
and the "just-on-the-horizon" personalized medi-
cine.

Nevertheless, this discussion would be remiss
if it did not include multiple significant hurdles to
progress. Such considerations include intellectual
property, regulatory, and, most significantly, ac-
cess/reimbursement /pricing issues. Healthcare inno-
vation is a complex challenge and perhaps a chal-
lenge for a subsequent publication. Also, new in-
sights into this topic should extend beyond aca-
demic literature and include practitioner publica-
tions (e.g., Harvard Business Review, Sloan Manage-
ment Review, Pharmaceutical Executive), business
journals (e.g., Fortune), and books. For example,
Boni and colleagues recently wrote several book
reviews for the Journal of Commercial Biotechnol-
ogy. Each discusses issues that relate to the evolution
and current challenges faced in the industry.
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"Why Startups Fail: New Roadmap for Entre-
preneurial Success" by Harvard professor Tom Ei-
senmann®2 63 involves a multi-case study of early-
stage companies that succeeded vs. those that
failed. He found that the extended team and its
leadership are the most important predictors of suc-
cess for an entrepreneurial venture. This finding
highlighted that leadership based on teams, part-
nerships, alliances and networks were important
success factors in all industries. Such attributes em-
body dynamic capabilities by offering a means to
create and sustain a competitive advantage to com-
mercialize, bring innovations to market, and fulfill
unmet needs.%4

Eisenmann's book prompted a "deeper dive"
into the essential components needed for success to
build, grow, lead, and sustain innovative organiza-
tions of any size — from startups through their emer-
gent growth stages and to maturity.

This insight encouraged further exploration
of additional materials to complement Eisenmann's
book and is summarized in "Keys for Building and
Leading Teams for Innovation: Three book reviews
and author commentaries.”%5 This multi-book review
examined three outstanding contributions to the lit-
erature: 1) George White: "The Mystery of Organ-
izational Collective Intelligence — a key to survival
in a competitive world"¢; 2) Kevin Bethune's
"Reimagining Design: Unlocking Strategic Innova-
tion”s7; and 3) Mikel Mangold, "Today's Super-
power: Building Networks."¢8

Briefly, these 2022 publications provide in-
sights into unlocking strategic innovation in cross-in-
dustry organizations: one deals with the concept of
organizational collective intelligence;¢¢ the second
with incorporating design thinking and service de-
sign into the organizational culture;¢” and the third
focuses on building and leveraging networks and
alliances.® These three book reviews include short,
focused, moderated question-and-answer format
exchanges with the respective authors.$>

It would be remiss not to include an excellent
book by Walter Isaacson, titled "The Code Breaker:
Jennifer Doudna Gene Editing and the Future of the
Human Race."s? This book focuses on the story of
Jennifer Doudna and her quest to develop and com-
mercialize clustered, regularly interspaced short
palindromic repeats (CRISPR), a revolutionary gene
editing technology.¢®

Finally, and in closing, there is Gary Pisano’s
classic book "Science Business: The Promise, the Re-
ality, and the Future of Biotech."7 When Pisano
wrote this book, many questioned whether biotech
would meet its promises. Since then, the critical
learning is that new business models (discussed pre-
viously) consisting of alliances and collaborations —
the Pharma 4.0 model — led to these technologies’
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development and commercialization. The rapid de-
velopment of COVID-19 diagnostics, vaccines, and
therapeutics provides excellent examples. What
has been learned over time was how the industry
structure, or anatomy, borrowed from Silicon Valley
(tech), presents some "flaws" when applied to bio-
tech — or at least has some serious challenges. The
first challenge involves the uncertainty inherent in
human biology and processes leading to very high
technology risk profiles since it is difficult, time-con-
suming, and expensive to predict that the technol-
ogy will "work." Recall that only 1 of 10,000 initial
drug candidates gets to market with FDA ap-
proval.”! The capital intensity and development life
cycles are much higher and longer, so partnerships
between emerging and established organizations
are needed. The next consideration, complicated
and overlapping intellectual property (IP), exacer-
bates the problem since patents with strong free-
dom to operate are essential (refer to the Code
Breaker book noted above). The third issue in-
volves more complicated business model challenges,
which consider "multiple P’s" or stakeholders. It is a
much more complex set of dynamics for bringing
products to market and getting paid with sufficient
return on investment. Finally, harnessing and lever-
aging collective and cumulative (institutional) learn-
ing is a huge and expensive challenge in the
Pharma 4.0 domain. What is next involves chasing
the promise of personalized medicine and perhaps
even Al and digital health via cross-industry part-
nerships.

AN "END-NOTE" FOR PROSPECTIVE BIOENTRE-
PRENEURS

Several "takeaways" that might help emerg-
ing bioentrepreneurs have been included in a recent
symposium’s proceedings organized by Boni and
colleagues at the University of California, San Di-
ego (UCSD).4 63 The following “top ten” points sum-
marize essential steps from these contributions and
apply to biotech, MedTech, and digitally-enabled
companies.

Boni's "Top Ten" iterative steps to guide and

build successful companies

1. Employ the Entrepreneurial Process Model of
the late Jeffrey Timmons, Ph.D., as one pro-
ceeds (e.g., opportunity, resources, team, and
leadership).”2 Leadership identifies the oppor-
tunity, acquires the resources needed to de-
velop and validate the opportunity, balances
the tranches of funding incrementally timed as
risk is reduced (value inflection points), and
builds a diverse and collaborative team, in-
cluding partnerships and alliances.
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2.

Recognize that opportunities are validated by
engaging and observing users, customers,
partners, and competitors to identify potential
entry and growth opportunities and solutions
capable of creating change and adding signif-
icant value to all parties in the healthcare eco-
system (e. g., patients, physicians, providers,
payers, partners, and the public).

Innovators need to "get out of the building" to
develop the MVP and Business Model Can-
vas — see no. 8)173-75 |t is important to have the
perspective of all the players in the ecosystem
- interact, understand, and adapt! Focus on the
user and patient centricity first, demonstrate
that the MVP works, then engage other players.
Focus on developing a platform solution vs. a
single-product solution to pursue these opportu-
nities. Platforms are designed to leverage ex-
tended networks and to be scalable as markets
evolve and are proven.

Build and expand a diverse entrepreneurial
team that: 1) identifies and validates opportu-
nities; 2) acts under enlightened and active
leadership; and 3) uses a lean, entrepreneurial
approach to reduce risk incrementally and cre-
ate value sequentially. This lean or agile ap-
proach leads to the identification of an appro-
priate MVP and Market Entry Point (MEP) —
that can be scaled later as the market and so-
Iutions evolve.

Leverage fundamental, proven entrepreneurial
methodologies and frameworks that have
evolved and been validated over the last sev-
eral decades in other fields of innovation (e.g.,
Disruptive Innovation from Christensen; Blue
Ocean Strategy from Mauborgne and Kim; De-
sign Driven Innovation from Roberto Verganti;
and the Business Model Canvas of Osterwal-
der.8. 10,11 All can be used to align and validate
key components of business models in digital
health.

Utilize the definition of The Market articulated
by Tony Ulwick in terms of "Jobs to be Done"
(JTBD).'2 13 Since the entrepreneur often cre-
ates a solution for a new market that does not
yet exist, it is defined not as "how many devices
or solutions are or could be sold,” but as follows:
Market = JTBD + Executors + Context. Spe-
cific solutions to market needs change over
time as the market is created and evolves with
improvements to the entry product. The chal-
lenge for the entrepreneurial team is to identify
needs (JTBD) that are unmet, poorly met, or met
by expensive and/or inconvenient current solu-
tions. Also, recognizing that while jobs are func-
tional, they may also have social and emo-
tional components that may be important to
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users. This insight suggests implementing a de-
sign thinking /service design approach.52

8. It is also important for the entrepreneurial team
to implement a milestone-based commercializa-
tion strategy that drives product evolution and
market penetration and to validate the nine el-
ements of the Business Model Canvas (BMC)
of Osterwalder’> — Customer Facing side: cus-
tomer segments, value propositions, channels,
customer relations, revenue streams: Company
Facing side: key resources, key activities, key
partnerships, cost structure.

9. Understand the value propositions and "moti-
vators to adopt” by all parties in the ecosys-
tem. Such considerations include 1) less expen-
sive; 2) "get the job done better;" 3) easier to
use; 4) easier to buy; 5) faster, and 6) more
convenient.”% 77 These can be on the business-
to-consumer and business-to-business side Os-
terwalder’¢ 77, Do not forget the emotional
and social considerations that can be equally
important and more difficult to understand.

10. Finally, expand the platform since it is de-
signed to be scalable, used to create sustaina-
ble value and leverage networks that one can
augment over time with partnerships and alli-
ances across the value chain.

In particular, two "uber-strategies" rise to the top of

this paper’s list:

1. Seek to build scalable platforms. Single prod-

ucts may serve market entry but building a sustain-

able and scalable business requires thinking bigger
and building a technology-enabled platform. Refer
to the recent paper by Yuanxin (Sheen) Rong”8 on
the "power of building technology-enabled plat-
forms" and some excellent examples in biopharma
via mini-case studies on Millennium, Alnylam,

Moderna, and Kymera.

2. Strive to build partnerships early and often.

Boni and Joseph4¢ developed a four-model frame-

work for corporate innovation. Their paper identi-

fies four models for organizations to pursue simul-
taneous core growth and transformation leveraging
open innovation principles: 1) corporate accelera-
tors — engage with or create autonomous startups;
2) external startup platforms — engage with
startups through established third parties; 3) consor-
tia or alliances — leverage resources of peers and
emergent players across the innovation ecosystem;
and 4) direct entrepreneurial approach — work
from within the organization to develop new units.4¢
This work identifies "innovation maturity" as the key
factor in selecting the most appropriate model for
the organization.4¢ Additional considerations in-
clude the organization's resources, processes, and
values (RPV) and the developmental status of the
transformative technology.#¢ Finally, this discussion
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highlights that model choice(s) are dynamic and can
evolve as the organization's innovation capacitates
and adapts to change.4¢

While technology is both important and essential, it
takes much more than an interesting, breakthrough
technology to solve the problems and challenges of
21st biopharmal A recent IQVIA (formerly Quintiles
and IMS Health, Inc.) Institute statement signals the
continuing challenge: "issues of disparities in medi-
cine access and pricing are a continuing area of fo-
cus for the global community, with the World Health
Organization (WHO) leading discussions around
fair pricing through their Fair Pricing Forums, most
recently held in 2021."79

SECTION TWO — FROM CONCEPT TO PRACTICE:
INSIGHTS FROM LEADING INDUSTRY EXPERTS,
INVESTORS, AND PRACTITIONERS
INTRODUCTION

Part one of this paper highlights the im-

portance of interdisciplinary collaboration and col-
lective intelligence in blending science and business
to accomplish scalable and sustainable innovation.
This section builds on these themes by engaging
practical perspectives and expert opinions from
multiple life science stakeholders on pharmaceutical
innovation, challenges, and future paths. These indi-
vidual experts included Laxminarayan Bhat, Ph.D.
(Chief Executive Officer, Reviva Pharmacetuticals),
Douglas Crawford, Ph.D. (Managing Partner, Mis-
sion BioCapital), Dennis Gross, Ph.D. (Chief Execu-
tive Officer, the Pennsylvania Drug Discovery Insti-
tute), Peter C. Goughnour, Ph.D. (Director, JD Biosci-
ences), Gregory Horowitt (Co-founder and Manag-
ing Director of T2 Venture Capital), Dr. Than-
igavelan Jambulingam, Ph.D. (Professor, Saint Jo-
seph’s University), Uday Phadke, Ph.D. (Co-founder
and Chief Executive Officer, Triple Chasm Com-
pany), and Sharon Watling, Pharm.D. (Principal,
Watling Clinical Development). Their perspectives
include VC, clinical development, marketing, and
consulting. Their opinions highlight the need for and
benefit of utilizing a collaborative approach to in-
novation in the life sciences. The following is a syn-
thesis of the conversations centered around three
core questions.

1. What is your take on the current state of inno-
vation (product, process, and business model) in
pharmaceutical life sciences?

2. What are the major challenges that are imped-
ing progress?

3. What do you see as good examples that illus-
trate progress?

What is your take on the current state of innova-
tion (product, process, and business model) in
pharmaceutical life sciences?
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Product

According to Horowitt, innovation is always
a back-end metric. It is never a front-end metric. The
state of innovation is only measured once the offer-
ing touches the market because the consumers or the
market either adopt it or does not. Therefore, it is
hard to know internally if the product will be inno-
vative externally. There are always many novel in-
ventions in the pharmaceutical industry because sci-
entists are constantly experimenting and trying new
things. The industry has made profound improve-
ments in patient care through therapeutics and the
convergence of technology and drugs. Dr. Jambu-
lingam also notes how the convergence of technol-
ogy and our understanding of diseases allows us to
find therapeutic solutions for patients. He ex-
plained, “Patients do not need drugs. They need so-
lutions.”

According to Dr. Watling, there has been a
considerable amount of innovation in the products,
specifically in cell therapies, gene-based therapies,
and the human microbiome. Products with mecha-
nisms of action and technologies that were once un-
imaginable are now becoming the standard of
care. Dr. Jambulingham also thinks the innovation is
good in terms of the product. “Companies are striv-
ing to bring new products to market. We saw prod-
ucts quickly brought to market within a year due to
COVID-19.”

According to Dr. Phadke, while the industry
has come a long way and is on an important pivot,
it has a long way to go. Unfortunately, the timing
will be longer than most think. For example, gene
therapies have come a long way, but fundamental
science still needs to be understood.

Process

Dr. Gross elaborated on an article he read
in 2020. He explained that the piece described
how the industry was “constantly innovating. He
added that this piece highlighted that if the envi-
ronment was not right for innovation, what is the
point? Gross continued that there is more that goes
into the innovation process than actual innovation.
The industry needs to consider the perceptions of
the innovation; will it be adopted? Is the innovation
deployable; can it be used in low-tech environ-
ments? How will the innovation integrate into local
medical and health practices? Are companies look-
ing at the right populations and thinking enough
about health disparities? Patent protection is an-
other thing to consider.

According to Dr. Watling, there has been a
noticeable shift in the process. Some examples in-
clude 1) shifts from paper case report forms to all
electronic case report forms; and 2) a decentralized
clinical trial, where the sites come to the patients
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rather than the patients having to go to the site. An-
other recent example involves how many rare-dis-
ease-focused companies enhance the recruitment
and retention of patients in clinical trials by going
into their homes and taking the transportation bur-
den off their shoulders.

Dr. Phadke offered a relevant closing com-
ment that is an excellent takeaway. He observed
that there had been a significant change in drug
discovery, specifically in how new biological com-
pounds are synthesized in translational medicine
and applied to new treatments.

Business Model

On a macro level, Dr. Jambulingam high-
lighted that the current industry business models
have been changing. He explained that the industry
was primarily a small molecule business, then bio-
logics emerged, moving to the new space of cell
and gene therapy. He stated, “We used to have
volume-based or scale-based business models, but
these do not apply to the new market.” New models
are evolving to be value or outcome-based, and Dr.
Jambulingam concludes that we will see more of this
evolution in the future.

From a micro level, “there are important
changes to the architecture of the pharmaceutical
industry which have occurred in the last 20 years,”
explained Dr. Crawford about the disaggregation
of the pharmaceutical industry. The industry evolved
from a vertically integrated structure-where most
products came from internal research and develop-
ment- to one where most products have been exter-
nally acquired. This profound change has been
healthy for the industry as it has facilitated the cre-
ation of more exploratory companies. “Another
change,” according to Dr. Crawford, “has been the
growth of contract research organizations.” These
organizations provide access to services only avail-
able inside a pharmaceutical company. This exter-
nal capability has allowed tiny companies to com-
pete equally with the largest companies. Mission Bi-
oCapital (MBC) Biolabs has contributed to this evo-
Iution since it changed how much capital was re-
quired to begin lab operations. “People can pro-
duce experiments in the first week rather than in the
ten or more months it would take to acquire the
needed capital and permits,” he explained.

According to Dr. Watling, there has been a
shift from big pharmaceutical companies with their
in-house R&D groups to biotech hubs where many
small companies are conducting early research ac-
tivities. These small companies start with venture
capital and other fundraising modes to foster early
product development, hoping to be acquired by or
partner with a big pharmaceutical company to per-
form the Phase 3 trials ond eventual
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commercialization. There is less internal R&D in big
pharma and a lot less “in-house” clinical operations
because they outsource it to clinical research organ-
izations (CROs) and partner with emerging compa-
nies. This industry is changing very quickly with a
considerable amount of consolidation, particularly
CRO:s.

A final piece is conducting early trials in
other countries. Dr. Goughnour highlighted the stra-
tegic decision of his firm to conduct first-in-human
studies (phase 1a-c) in Australia due to cost savings,
less bureaucracy, and incentives to incorporate. Dr.
Bhat echoed this point and noted that similar incen-
tives exist for conducting early-stage trials in the
Netherlands. He noted, “running the study ex-US in
Australia or the Netherlands can provide us data
quickly for moving into phase 2 in the US and per-
haps save us money and time related to longer-term
animal toxicity work.”

What are some examples of innovation chal-
lenges?

The US Inflation Reduction Act of 2022 has
the potential to exert significant pressure regarding
drug pricing. Dr. Jambulingam explained, “This leg-
islation will impact the industry, especially with top-
selling drugs. For the industry to survive, they need
to create efficiency in everything they do.” He
added, “Payers cannot cover everything, and if
your technology is not chosen, you are not reim-
bursed.” This pharmaceutical management profes-
sor noted, “That is why firms need to understand
what they are bringing to market early; They should
have a plan early on showing how you will commer-
cialize the drug.”

Dr. Jambulingam also asserted, “The re-
search and development engine is traditional and
expensive... making success high risk. There is no
guarantee that the outcome will be successful every
time a company goes through the research and de-
velopment process.” Dr. Crawford queried. “How
do you redesign your innovation engine to reduce
costs, increase speed to market, and go through
regulatory hurdles faster?” He added, “The funda-
mental productivity of the industry and cost of clini-
cal development was challenging to the innovation
progress.”

Another challenge Dr. Crawford saw was
the gap between talented people with cool ideas
and successful companies. When he and his team
opened their first incubator in 2007, $750 million in
annual federal funds went to basic biomedical re-
search at the University of California, San Francisco
(UCSF), but only between two to four companies per
year were emerging from the university. He ob-
served, “That was a terrible return on investment for
society. At the end of the day, fundamental
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research should lead to better treatments for pa-
tients.” He and his team postulated that part of the
issue restricting those ideas from coming out of ac-
ademic labs was the “zero-to-one startup” diffi-
culty. They built incubators and accelerators to help
academic labs and startups “make it better, faster,
and cheaper to start companies.”

Dr. Jambulingam identified a similar gap in
human capital. He noted, “People are retiring fast,
so a large gap in skill and talent is coming.” This
professor added that there is an estimate saying
around 100,000 employees are needed in the in-
dustry, and more are needed in healthcare deliv-
ery. He queried, “How are we going to fill these
gaps? We have no idea, and companies are con-
stantly spinning off. Is that paying off2”

Dr. Jambulingam continued the conversa-
tion by discussing a challenge facing clinical trials.
He observed, “We do not have a lot of diverse par-
ticipants. Minorities and other ethnicities are not well
represented. Their response behavior could be dif-
ferent, and the United States is very diverse. Mak-
ing technology fully applicable to the whole popu-
lation would be difficult without adequate repre-
sentation.”

Dr. Gross offered a similar perspective. He
shared the example of articles claiming that oxygen
pulse oximeters could overestimate oxygen satura-
tion in darker patients, leading to increased death
rates. This phenomenon would lead to another
problem identified by Dr. Gross. This executive ob-
served, “Innovative, disruptive technology may be
creating more problems than it's solving.” Technol-
ogy isn't the answer to everything. He added, “the
problem is we fall in love with technology and per-
haps oversell some of our breakthroughs.”

As the conversation continued, Dr. Gross of-
fered, “Another challenge is most patients are not
being informed properly... especially as technol-
ogy gets more sophisticated. Are the support
groups, nurses, physicians, and others involved with
deploying the technology ready to do so? He
added, “l do not think we are doing a good job of
looking at the entire continuum from bench to bed-
side to community, and that needs to be addressed.
We do not have good explainers to communicate
how these drugs and technologies work, and people
do not believe what the industry tells them.” In ad-
dition to better communication with patients, an-
other area to consider is countering misinformation.
Dr. Gross observed, “This challenge offers a good
opportunity for strategic partnerships. The US is at
an interesting tipping point for industry and public
health.”

Dr. Watling stated that identifying the ap-
propriate clinical endpoint of a trial is still a chal-
lenge for the pharmaceutical industry. For example,
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the registration endpoint for autism is irritability, but
patients don’t care about that as much. Therefore,
there is a need to bridge the gap between what
could be more likely to achieve regulatory ap-
proval versus identifying an objective, reproducible
endpoint that is meaningful to patients.

According to Horowitt, one of the big chal-
lenges is having leadership that understands the im-
portance of investing and creating an environment
where that innovation has every chance to survive
because it is impossible to make innovation happen.
Only the chances of it happening can be increased.
In mature systems, governing the constraints makes
sense because there is a defined output. However,
creating a system can encourage the right behav-
iors when people do not know what is known or un-
known.

What are examples of progress?

Dr. Crawford observed, “the expansion of
research and therapeutic modalities has been a big
change, providing many tools to both the discovery
and treatment stages.” He continued explaining
how the creation of Genentech is an unsung innova-
tion regarding the incredibly creative and sophisti-
cated ways of securing capital. This venture capi-
talist underscored, “The creation of Genentech
demonstrated how great things emerge from com-
mercially-minded and basic science collaboration.
Within the last ten years, public markets and large
capital investors have been helpful to the growth of
the industry.”

Dr. Jambulingam observed, "The establish-
ment of private-public partnerships between com-
panies and the government helps things get done
faster. He explained, “We saw this with the COVID
vaccines.” This professor indicated that more part-
nerships like this one could be valuable, and another
one to consider would be with insurance companies.

According to Dr. Watling, advances in ther-
apeutics are among the most significant examples
of innovative progress. For example, there has been
a shift from small molecules to replacing missing
genes in patients who are missing a gene.

Dr. Phadke shared his perspective on the
mixture of public-sector and private funding. The
funding model is extremely important because
there is a lot of money and capital. But the question
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lies in the motivation for that capital. Therefore,
government entities, big pharmaceutical companies,
and smaller companies need to align their interests
and make strides in innovation

CONCLUSION

As the biopharmaceutical industry transi-
tions from Pharma 3.0 to Pharma 4.0, this paper’s
authors and the interviewed experts see continuing
opportunities for interdisciplinary collaboration to
overcome disruptive and sustained innovation chal-
lenges. The current state of innovation does provide
a healthy problem-solving environment. The industry
has realized significant strides in the products being
developed and offered, enabled by cutting-edge
technology advances in gene and cell therapies.
The product development process has become much
more efficient and has progressed from “trucks full
of paper forms” to all electronic forms secured on
the cloud. The ongoing digital transformation exem-
plifies this transition. The industry business model has
also advanced. It has fostered an environment
where various entities are willing to take risks that
enable innovative therapies to shape the standard
of care from translational medicine to clinical de-
velopment, regulatory affairs, and commercializa-
tion.

As it stands, new and diverse products,
evolving business models, and a shift in focus of pro-
cesses to become more patient-centric have laid the
groundwork for strategic partnerships and innova-
tion thru collaboration. Evidence exists that various
stakeholders (e.g., established biopharma firms, bi-
otech startups, incubators, accelerators, academia,
consulting firms, clinical research organizations, ven-
ture capital, and government entities) work together
to advance patient care. We are seeing strong ev-
idence that collective intelligence is becoming more
prevalent. While the industry is capital-intensive
due to its complexity, collaboration demonstrates
successful new products enabled by continued pro-
gress on new products based on emerging technol-
ogies. Thus, all stakeholders must align their motiva-
tions to enable efficient strategic collaboration to
address current and future diseases, treatment ad-
vances, and administrative and economic challenges
(and opportunities).
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