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Deeptech or science-based innovations often spend more than a decade percolating within academic and government labs before their value is
recognized (Park et a., 2022). This development lag time prior to venture formation is only partly due to technological development hurdles.
Because science-based inventions are often generic in nature (Maine &amp; Garnsey, 2006), meaning that they have broad applicability across
many different markets, the problem of identifying afirst application requires the confluence of deep technical understanding with expert knowledge
of the practice of commercialization. This process of technology-market matching is a critical aspect of the trandation of science-based research out
of the lab (Pokrgjak 2021, Gruber and Tal, 2017; Thomas et al, 2020, Maine et a, 2015) and is often delayed by a lack of capacity to identify,
prioritize and protect market opportunities. Typically, deeptech innovations can take 10-15 years of development, and tens (or even hundreds) of
millions of dollars of investment to derisk before a first commercial application (Maine &amp; Seegopaul, 2016). Academics seeking to
commercialize such inventions face the daunting challenge of competing for investment dollars in markets that are ill suited to the uncertainty and
timescales of deep tech development. The time-money uncertainty challenge faced by science-based innovators is compounded by the fact that most
of the scientists and engineers with the world-leading technical skills required to develop science-based inventions, lack innovation skills training,
and so cannot navigate the complexities of early and pre-commercialization development critical to venture success. Some researchers, having
developed a mix of technical and business expertise, have demonstrated a long-term ability to serially spin out successful ventures (Thomas et al.,
2020). Entrepreneurial capabilities, which can be learned, enable scientistentrepreneurs to play formative roles in commercialising lab-based
scientific inventions through the formation of well-endowed university spin-offs. (Park et al, 2022; 2024). Commercialization postdocs, when
supported by well designed training, stipends, and de-risking supports, can lead the mobilization of fundamental research along multiple
commercialization pathways. Recommendations are provided for scholars, practitioners, and policymakers to more effectively commercialise
deeptech inventions.
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Endowing university spin-offs pre-formation: Entrepreneurial capabilities
for scientist-entrepreneurs

| wedaton
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ARTICLE INFO ABSTRACT
Keywords: University spin-offs are important mechanisms for creating and capturing value from scientific inventions.
Academic entrepreneurship Academic scientists are uniquely positioned to shape such opportunities long before the university spin-off Is

Entrepreneurial capabilities
Scientist-entrepreneur
Innovation policy

Dynamic capabilities
University spin-offs

founded. To better understand how science-based university spin-offs can be endowed for success, the pre-
formation stage of 30 ventures co-founded over a 40 year period by a star-scientist-entrepreneur Is analysed by
matching his 363 co-invented US patents granted to 1476 co-authored publications and these 30 ventures.
Employing the extended case method, including the analysis of extensive archival data, iterative interviews, and

Science commercialization this unique, longitudinal, multi-level dataset, existing dynamic capabilities theory is confronted and extended

Extended case method with evidence as to how a star-scientist-entrepreneur senses and shapes and seizes opportunities to endow
university spin-offs pre-formation. A process model is developed depicting four pre-formation entrepreneurial

JEL classification: capabilities with which these science-based university spin-offs are endowed for success. Recommendations are

031 made for scientist-entrepreneurs, investors, university leadership, and for innovation policymakers.
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Pangaea Ventures

NATURE NANOTECHNOLOGY | VOL 12 | FEBRUARY 2017 | www.nature.com/naturenanotechnology

commentary }

Raising financing through
strategic timing

Elicia Maine and V. J. Thomas

NATURE MATERIALS | VOL 15 | MAY 2016 | www.nature.com
Strategic timing can be key for nano-drug-delivery ventures to get financing. Timely publications engage
potential partners; early broad, blocking, relevant patents demonstrate the potential to appropriate value;
and venture formation closer to clinical viability better aligns its timeline with that of venture capitalists.

Accelerating advanced-
materials commercialization

Elicia Maine and Purnesh Seegopaul

Long commercialization times, high capital costs and sustained uncertainty deter investment in
innovation for advanced materials. With appropriate strategies, technology and market uncertainties
can be reduced, and the commercialization of advanced materials accelerated.
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Rapid response through the entrepreneurial
capabilities of academic scientists

Academic scientists who develop entrepreneurial capabilities can make strategic, path dependent decisions that
enable university spin-offs to rapidly respond to global crises.

Andrew Park, Azadeh Goudarzi, Pegah Yaghmaie, Varkey Jon Thomas and Elicia Maine

cademic scientists play a central rale

in the production and translation of

breakthrough scentific inventions
through the formation of university
spin-alffs' *. Well-endowed science-based
ventures, attracting resources and
advancing novel capabilities, can
rapidly respoad to pressing global
health and humanitarian crises such as
COVID-19". Pobicymakers are highly
motivated to leverage universty science
for the dual purpose of solving emerging
challenges and increasing economic
productivity" *. Yet scholars suggest that,
despite increasing investment by the United
States government in university research,
innovation ccosystem growth is lower
today than it has been in the previous
four decades

Using evidence from the University of

British Columbia (UBC) nanomedicine
spin-aff AbCellera Biologics Inc.
(AbCellera), which was the first to
co-develop an antibody therapeutic for
COVID-19, we examine the capabilities
enabling an academic scientist-
entrepreneur to respond rapidly to health
and humanitarian crises and create
economic and social impact. We argue
that well-endowed university spin-offs
can leverage and extend entrepreneurial

Entrepreneurial capabilities and
path-dependent decisions
Recent research’ suggesss that there are four
e-formation entreprencurial capabilities
g.ﬂ lead to well enleed ur.:v:r?i:_v
spin-offs. This research is roated in dynamic
capahilities theory'’, which posits that some
firms exhibit heightened performance due to
their ability to leverage unique sensing and
shaping and seizing capabilities. Subsequent
literature has extended this theary to the
level of the individual entreprenecur ™, and
moce specifically, scientist - entreprencurs
who farm university spin.offs’. Academic
scientists have underappreciated agency
to shape commercialization opportunities,
particulardy in the years prior to venture
formation “*, Early path dependent
decisions made by scientist—entrepreneurs
are critical to post -formation firm success’,
for example, through sensing and shaping
capabilities such as technology-market
matching'"* and seiring capabilities such
as claiming and protecting the invention,
attracting and mentocing the founding team,
and stralegic timing n“?rm formatian’-~,
While empirical research rdated to dynamic
capabilities theory has largely focused on
firms post-formation, we demonstrate,
through an extended case study, that
path-dependent, pre-formation decisons

a highly novel micrafluidic technology,
which forms the foundation of AbCelleras
antihody discovery platform and was their
entry paint into the antibody therapeutic

o This microfluidic technalogy,

along with antibody-focused research
produced by his graduate students in

the mid-2000s and later supparted by
Canadian government science grants
related to antibody discovery, indicates that
Hansen had already targeted the antibody
market for his microfluidic technology

long before AbCellera’s formation in 2012,
demonstrating the first entreprencurial
capability, technology-market matching,
Hansen further demanstrated priaritization
of the antibody market when he negotiated
a “worldwide, exclusive license to the. ..
Technology solely within the Antibody Field
of Use™ with UBC, This exrly prioritimtion
of the antihody market by Hansen enabled
AbCellera to rapidly develop bamlanivimab.
A timéline of the path-dependent decisions
described in this section, along with other
notable milestones and the demonstration
of Hansen's entreprencurial capahilities, is
presented in Fig. 1.

Early patenting and high-quakity
research publications facilitate science
commerciabization through university
spin-offs™ ", We find evidence of Hansen
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The role of pre-formation intangible assets in the
endowment of science-based university spin-offs

Andrew Park

Gustavson School of Business,
University of Victoria, Canada
Email: aparkl@uvic.ca

Azadeh Goudarzi and Pegah Yaghmaie

Beedie School of Business,

Simon Fraser University, Canada
Email: azadeh_goudarzi(@sfu.ca
Email: pegah_yaghmaie(@sfu.ca

Varkey Jon Thomas*

School of Business,

University of the Fraser Valley,
Abbotsford, Canada

Email: jon.thomas@ufv.ca
*Corresponding author

Elicia Maine

Beedie School of Business,
Simon Fraser University, Canada
Email: emaine@sfu.ca

Abstract: Science-based university spin-offs face considerable technology and
market uncertainty over extended periods of time, increasing the challenges of
commercialisation. Scientist-entreprenewrs  can  play formative roles in
commercialising lab-based scientific inventions through the formation of
well-endowed university spin-offs, Through case study analysis of three
science-based university spin-offs within a biotechnology innovation
ecosystem, we unpack the impact of pre-formation intangible assets of
academic scientists (research excellence, patenting, and international networks)
and their entreprencurial capabilities on spin-off performance. We find
evidence that the pre-formation entreprencurial capabiliies of academic
scientists can endow science-based umiversity spin-offs by leveraging the
scientists” pre-formation intangible assets. A theory-driven model depicting the
role of pre-formation intangible assets and entrepreneurial capabilities in
endowing science-based university spin-offs is developed. Recommendations
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Radical Innovation

A technology which enables vast
improvements in current performance
attributes (i.e. 5-10x), or entirely new

attributes, and/or a substantial (30%-50%)
reduction in cost per unit.

Utterback 1994; Liefer et al., 2000; Maine, 2008
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Generic Technology

A technology which enables applications across
several sectors of the economy.

—

General Purpose technology
Platform Technology across Industries

Arora et al, 2001; Nerkar and Shane, 2003; Shane, 2004; Maine & Garnsey, 2006
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Commercialization Challenges for Science Innovation
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Science Innovation Costs, Timelines and Uncertainty

Developl_'rlji:: R&D Costs Commeg;;::zatlon Techriology Market
(years) (S millions) (s millions) Uncertainty Uncertainty
IT 0-2 0-3 1-10 LOW MEDIUM
Biomed 10-15 5-10 300-900 VERY HIGH MEDIUM
32:::‘1‘;?: 5-15 2-20 50-500 HIGH HIGH

Source: Maine and Seegopaul (2016) Nature Materials

BEEDIE 21 invention to
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https://www.nature.com/articles/nmat4625
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Star-Scientist-Entrepreneur: Prof Bob Langer

> 30 ventures

> 1400 papers

> 170,000 citations

> 360 US patents issued

Patents licensed to >
— 300 companies

[ ]

helped billions of
patients
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SCHOOL OF BUSINESS 1 innovation
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Methodology

* Inductive case-based model of the role of
Star Scientists in the commercialization
processes of university spin-offs

* Mixed Method Longitudinal Analysis
- Exemplar scientist-entrepreneur
- 363 issued US patents matched to 1476 papers
- 363 patents matched to 30 ventures
- Extensive primary and secondary data analysis

BEEDIE 21 invention to
SCHOOL OF BUSINESS 1 innovation
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Endowing University Spin-offs Pre-Formation

Unmet market needs

Technology-
Market Matching .
T University
/ TLO \
Venture S!:ra-tegic I,’/ StCIentiSt' \\‘ Claiming and e
Capitalists Timing of  ~ I bl I " Protecting the
firm et ABImemBera. _” Invention
formation Academic
l Collaborators
Attracting & /
Mentoring the
g Founding
Team
ha Experienced Executives/ Entrepreneurs
- B EEDIE Source: Thomas, Bliemel, Shippam-Brett, and Maine, 2020 ” 2 I l |_nvent|0r_1 to
S F U SCHOOL OF BUSINESS https: //www.sciencedirect.com/science/article/pii/S0166497218307302 1 innovation
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Abcellera’s Al enabled antibody discovery

THE 15T COVID-19 ANTIBODY TREATMENT
TO REACH THE CLINIC IN NORTH AMERICA.

From patient sample to human testing in 90 days

~5,800,000 cells 24 |leads “
screened in 3 days dentified in 23 days .
by evaluating 250,000

. it one antibody

we O
=]

- BEEDIE Source: Hughes, 2021 https://www.youtube.com/watch?v=9v38Iwvlsgc -21 invention to
SIE®] school oF BUSINESS 1 innovation
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Opportunities for Al in Biomed

BIOLOGY IS A DATA SCIENCE

ACCESSING THE IMMUNE SYSTEM'S DATABASE

Nature operates at At any given Finding the best

a massively diverse moment, the body antibody = finding
scale, with billions has millions of the cell that

of unique immune cells that makes it
antibodies inside make different

each individual antibodies \Wr,

Looking for
rare antibodies
_ out of millions

BEEDIE t I invention to
SCHOOL OF BUSINESS Source: Hughes, 2021 12 innovation
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Creating New Value in Therapeutics

; ’ Second
First Decoupling Decoupling Point:
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gnsggsgy Discovery + GMP
g Manufacturing

Trianni, Inc., Lineage Biosciences OrthoMab

Source Search Find > Analyze > Engineer Deliver Preclinical
Optimized High-

Clinical Trials FDA NDA Postmarket
e Bioinformatics High- Lead GMP Phases FDA fmse e

Immunization Throughput Single-Cell N Throughput Antibody Manufacturing 0-1ll Submission: Postmarket
Single-Cell Genomics Visualization Expression Candidates Facility New Drug Surveillance

Screening + Profiling + Development Application

Bioanalytics
(antibod D:;covmu firms) REBC, Clinical
ol y therapeutic Trms, Investigational New Drug d
Application New Drug Application
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Changing Traditional Risk-Reward
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Mentoring in Quake Lab

Harsen's PhD at Quake's la_b
Caltech, 2000- 2004

-

1999/ 2001/ 2003/

2000 2002 2004

Technology Market Matching

Claiming and Protecting the Invention

Mentoring in Hansen Lab

Strategic Timing

Co-founders & Earty Employees Join Hansen's

Hansen joins
UBC, 2005

2005/
2006

Lab, UBC, 2006-2012

2007/ 2009/ 2011/
2008 2010 2012

l Changing Traditional Risk-Reward Patterns

AbCellera Founded

Incubationat UBC

Personalized Medicine Initiatree, 2014-2019

2013/

2014 2018

Hansen
leaves UBC

Hansen collaboration with

Fluidgm

. Key papers with Quake
Le., Hansen et al, 2004

Source: Park et al, 2022
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NIH grants First two core
289K USD UBC patents fiked
rGem:me c‘::da Nature
ranslationa’ Lrant Methods, 2011
1.7M USD
US patent filed
from PhD
Precmsion
NanoSystems co-
founded by Hansen
and Cullis, 2012
Hansen SAB Flusdigm
2008-2012

UBC Licence Gates Grant

0.65M USD
v::upebémin DARPA's P3
30M USD

Seed round
0.86M USD Lineage Bio
Resolution Diagnostics Acquisition
founded, 2015

A
Resolution Diagnostics l;:.i:st}

acquired, 2016

Multiple Translational Grants
2012-2017

Gates Grant Eli Lilly Partnership
4.8M USD {COVID-19)
Core Patents Gow. of Canada, 126M USD
Granted

Serwes B, 105 M USD

OrthoMab Acqussition

7 bamlanasmab
recenes US FDA EUA

1PO, Nov 2020

Trianni Acqusition
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Claiming and Protecting the IP

* Key microfluidics paper 7 years
before firm formation

* Key patents 2 years before firm
formation

* Important for investor signaling,
not just IP

BEEDIE
SCHOOL OF BUSINESS

Pirsa: 24050060

System and method for microfluidic cell culture

Abstract

Microfluidic devices and methods for perfusing a cell with perfusion fluid are provided
herein, wherein the gravitational forces acting on the cell to keep the cell at or near a
retainer or a retaining position exceed the hydrodynamic forces acting on the cell to move
it toward an outlet.
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Attracting and Mentoring the Founding Team

Véronique Lecault, PhD Kathleen Lisaingo, PhD

Director & COO Director, Discovery Technologies

BEEDIE
SCHOOL OF BUSINESS
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B,

Kevin Heyries, PhD

Director of Emerging Science &
Technologies
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Early Stage IP Strategy Enables Economic and Social Value Creation

founder Intellectual

Property (Pre-

formation Patents)
* Academic co-

Attracting &
Mentoring the
Founding Team
Strategic Timing of

network
Pre-formation Spin-off
patents
Pre-formation Spin-off

founder social Firm Formation papers
capital (International Mentored scientist
Networks) employees

/'

N

| In;anglble ‘! Entrepreneurial . Sépln-off : Firm
| ssets . o Capabilities \——yi Endowment ; Performance
' (Antecedents) ' Interplay | ; : Intangible |
: ‘ ' : ' Assets '
* Academic co- Technology Market Market prioritization
founder human Matching Co-development /
capital (Research Claiming & beta-testing, and/ or
Excellence) Protecting the initial customers from
* Academic co- Invention scientist’ international

Source: Park et al, 2023
https://www.inderscience.com/info/ingeneral/forthcoming. php?jcode=ijtm
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Entrepreneurial Capabilities Enable Scientists to:

1) Found “well-endowed” science-based university spinoffs
- scientist-entrepreneur path

2) Increase science-based innovation in Industry
- champions of innovation path

3) Increase meaningful translational research in academia
- translational scientist path

BEEDIE 21} invention to
SCHOOL OF BUSINESS 1 innovation
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i21 MENTORS, NETWORKS AND FAGULTY S

"N'RAMPS TRUSTED BOUNDARY SPANNERS Industry champion
i2I REGIONAL ACADEMIC LEADS 5 IESTRY .+ Industry innovation
+ Intensive workshops Market @% P - CHAMPION roles, NRC IRAP,
. Tr\;[‘(t)s e prioritization _ -—"‘/\ Innovate BC, [P Assist
+ Mitacs - ~ SRy
+ Research networks @ Mindset 7 = P e R = S ~ VENTURE Venture founder
-— = T = ~ -
L A B e T B N e S S 5 Validation 3 FOUNDER « L2M, CDL, Foresight,
« Perimeter Institute Pathway ~ e —-- i ™ (V) adMare, DDQIC
+ Axelys decision _"_ O e i VentureLabs
+ Providence Research point A=/~ Opportunity ~ 9
. EIFBR:F-{T recognition TRANSLATIONAL Translational scientist
snlE“TIST « TTOs, Mitacs, CIHR

Commercialization,
NSERC 121, Ignite

WMMM

o— 10+ YEARS 8 MONTHS - 2 YEARS 5-7YEARS —

Discovery research i2 training & fellowships Timeline to innovation
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The 3 Pathways

Scientist
Entrepreneur
Path
Dr. Benjamin Britton Dr. Morgan Lehtinen, co- Dr. Meysam Taghinasab
Chief Strategy Officer, Founder RXN-Hub Co-Founder BioSam

lonomr Innovations Inc.

Champions
Of Industry
Innovation A
ln 4 :
Dr. Anat Feldman Dr. Rahul Singh Dr. Ryan Jansonius Dr. Sogol Borjian
Senior Business Development Director, BC Centre for Battery materials, Vice President, Chemistry & Target
Officer, STEMCELL Technologies Agricultural Innovation (BCCAI) Telescope Innovations, Corp. Manufacturing at ARTMS Inc.
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The 3 Pathways
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Translational
Scientist Path
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Dr. Finlay MacNab
SFU Clean Hydrogen Hub

LT
XK
E X

Dr. Lupin Battersby,
Knowledge Mobilization
Director, SFU

7

Dr. Nabil Shalabi
Postdoctoral Researcher
Harvard, MIT

Jasneet Kaur
Assistant Professor,
Physics & Engineering,
Brock University

Dr. Sasan Grayli
Research Associate,
Institute for Quantum
Computing, UWaterloo

Dr. Paul Omelchenko
Postdoctoral Researcher
Physics, SFU
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Choosing and Framing your Innovation Idea

« Think of 3 innovation ideas related to your research

 Write down each idea in one sentence and the reason it
could create value in a second sentence

« (Can you envision how it could enable new and desirable
products or services?

* Which innovation idea excites you the most?

BEEDIE 21 invention to
SCHOOL OF BUSINESS 1

innovation
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Provincial Collaborators . 21 National Collaborators
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